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ADVERTISEMENT. 


—_— 


Tuts Division of “ Tur Encrisx Cycropep1a”—“ Tue Cycropmpra or Arts AND Sciences "—now 
completed in Eight Volumes, completes the entire work in Twenty-Two Volumes. The Three Divisions 
previously published, are—“ Tue Cycropmpra or Grocrapuy,” 4 Volumes; “Tue Cyrcuopmpia or Bio- 
Grapuy,” 6 Volumes; “ The Crcnopmp1a or Naturau History,” 4 Volumes. 


Without any unreasonable pretension, “THe Enenis Cycnormprs,” as a Dictionary of universal 
information, may be truly called the only Complete Cyclopedia of Reference in our Language. Its lierit is not 
to be sought in a limited number of elaborate Treatises, to the comparative neglect of details which the 
Student looks for in a Cyclopedia. The alphabetical arrangement has constant regard to the connexion of 
each article with other articles as part of a system. Although the number of Contributors is very large, the ~ 
general uniformity has been preserved, chiefly by the circumstance that every portion is an original contribution 
expressly written for “ Tue Pexny Cycnopmpra,” or for “Tue Enerisu Cycrormpra,” which is founded 
upon that work, and that no portion has been hastily adopted from old Cyclopedias. The able and laborious 


Editor of “ The Penny Cyclopedia,’ Mr. Long, who constantly bore in mind the necessary connexion of 


parts with the whole, was enabled to secure the aid of a large number of the most eminent men of the time. 
The Conductor of “ The English Cyclopedia” has been fortunate in obtaining the assistance of a body of 
new Contributors and Revisers, who, in their several departments, have supplied what was wanting to make 
this work as complete and as accurate as can be expected in an undertaking so extensive. No expense has 


been spared in securing the aid of gentlemen best qualified to produce a work of the highest claim to public 
“support,—a Cyclopedia worthy of the country and of the age. 


“Tue Cyctopmpra or Arts AnD Sciences” may be regarded as a work essentially complete in itself. 
Tt has been produced the last in the Series, that nothing of new invention and discovery in Science, nothing 
of progressive improvement in the Arts, might be omitted. The Cyclopedias of the previous century were 


Strictly Dictionaries of Arts and Sciences. They included no names of persons or of places. Their Natural 


History was directed to the uses of vegetable and animal substances rather than to their scientific characters. 
Tn these practical objects our “ Cyclopedia of Arts and Sciences” follows in the steps of these early works, 
upon which all Cyclopedias, with the exception of “ The Penny Cyclopedia,” have been founded. But its 
range is far more universal. The difficulty of obtaining completeness in this age of rapid progress is far 


iv ADVERTISEMENT, 


greater than at a period when the influence of science upon the productive powers of industry was compara- 
tively small. It is impossible to give an adequate idea’ of the character of this, the most important of the 
Divisions of “ The English Cyclopedia,”—to show the vast amount of new matter that has been required to 
bring up its information to the present day,—to point out how this mass of detail has been supplied,— 
without requesting a perusal of the analysis contained in the following enumeration of its Contributors and 
of some of its more important Articles, especially of those which are either wholly new or have been subjected 
to the most elaborate revision. Not an article, not a page, not a line, has been reprinted without revision. 
Whether correction, or not, has been required, the labour of the reviser has been compensated. A Cyclo- 
pedia may make high pretensions, and yet use its old stereotype plates with a few alterations and new 
articles. That is not the course which has been pursued with “ The English Cyclopedia.” To judge of the 
extent of the division of labour required to produce the “ Cyclopedia of Arts and Sciences ” alone, it will be 
seen that it includes sixty Contributors in the original “ Penny Cyclopedia,” and that thirty-six new Con- 
tributors and Reyvisers have assisted in the production ofthe present Eight Volumes. 


To the numerous body of new Contributors to “ The English Cyclopedia;” to some, whose labours 
in “The Penny Cyclopedia” constituted an important portion of its merit, and whose continued aid has 
given a new value to the present work; to all who have enabled the Conductor to bring his duties to an 
honourable close,—he has to return his grateful thanks, He has especially to thank his fellow-labourers 
during many years,—Mr. A. Ramsay and Mr. J. Thorne,—for the active and intelligent share they have 
taken in the management of the work, by which the regularity of publication, and the correctness of the text, 
have been mainly secured. 


August 24th, 1861. 


PRINCIPAL SUBJECTS IN THE CYCLOPADIA OF ARTS AND SCIENCES, 
WITH THE NAMES OF THE CONTRIBUTORS AND REVISERS. | 


MATHEMATICS AND ASTRONOMY. 


Contributors: Penny Cyclopedia. 
x Du Mohan a, Rn Chor, Cabitgs, Hrtenr of Mathe- 
rs ag pial Aa ERS 
Rev. I Sazmreeans, AM, (the inte), Trinity College, Cambridge. 


Contributors and Revisers: English Cyclopedia. 
G. B. Atry. 
A. De Morean, 
A. Cay.ey, F.R.S., F.R.AS. 
R. Grant, AM, F.R.A-S., Professor of Astronomy in’ the University of 


The following Articles occur in this Department :— 


BY THE ASTRONOMER ROYAL. 
Gravitation. 


BY PROFESSOR DE MORGAN. 
Riccay 0 onan Assurance; | Principia; Pro! ; 
5 us ; ; | tion; of 


‘and Permutations; | Ratio; Regular Figures; Rever 

; Curve; ; Root; Scale; 
jus 5 it ; and Cosine; Slide Rule; Spherical 
5 ee ee Deer. | ten Sar  corem : Tempe. 
wii inuxions; ition og rament and ; Tetrachord ; 
: Organon; | Couples; Thoory of uation 
Beciods at ‘Revolution; Erime: ; formation 


vee Calculus of ; Velocity ; 
Veloci y i Vortex; Wager; 
Weights and 


BY PROFESSOR GRANT. 


ie _ eg: 2 ae a Star ; esa — 
Densi ; Nel . eptune ; Siar We an or; Variable 
ome: Solar eights and Bit Measures, 


Solar 
System, Motion of the } Star ; 
BY A. CAYLEY. 
Mathematics, Recent Terminology in, 


PHYSICAL SCIENCES: 
OPTICS ; ACOUSTICS; DYNAMICS; ELECTRICITY ; MAGNETISM; METEOROLOGY. 


Contributors: Penny Cyclopedia, 
A. De Mora. 
Rev. R. Men (the late, Caius College, Cambridge. 
T. Brapwey, King’s College. 


Absorption of Light; mas Ee: | Cries te ay igs So, 
larisation ; Beoptis Dall, 
tics). e een et Bow Sep Spee 
a) thelate K Murphy.” 
Geodesy. the Rev. R. -) Pendulum; ; Power. 

fr. Galloway, Actuary of the Professor A. De Morgan and 
Kigabie Insurance Insurance Society; and 

By Thomas Bradley, 

onpenre. the Rev. Charles A. |, of 5 Mag- 
ate orcester College, Ox- netian By G. R. Smalley, of 
Peet oo ene B Marahy ona Rivers: Seas; of the Earth. 


By the late’ W. Wittich, and E. W. 
Climate.” By the late W. Wittich. 


amr By Andrew and Tho- 


Contributors and Revisers: English Cyclopedia, 


& G. Seon Tucasian Professor in the Uni ersit: f Cambridge. 
le vi 0 
©. Fonsi, Lestliter ox Kings 8 College Sc! 
E. W. cee care 
G. R. & ancy, Kine nat 
6s Pe Calg Se 
R. Grant, A.M. 


BY E. W. BRAYLEY. 
Reefs ; hens egy the peed 


; 3 w, &e. ; 
er gee rr ; | Vacuum, or Void; Valleys; Volca- ~ 
Hail and ms; Metooro | nocs; "Water ;” Water-pouts: 
3 Waves and Tides; pool ; 


Aero- v3 ‘Amestionnater ; “AL Self - Registering ts 5 
; Barometer; Breath-Fi- | Specific Gravity; Specific Heat; 
ures ; Capillary A ‘ ceca Electric; 
Cyanometer; Diffusion ; ‘elescope; Thermo- Electricity ; 
eae Elasticity ; El eran Th et ; Th Day 
Electro- Magnetism "and Metal- “Pork; " of Stars ; 
Tighe snd’ Lightsitee “Com: wiae em yWned 
ductor ; Magnetian ; ; . 


CHEMISTRY. 


Contributors: Penny Cyclopedia, 
W. H. Brooke. 
Dr. Day. 
R, Puruups, F.R.S, (the late). 


*,” The Articles on Chem “The P Cyclopedia, 
aaltalon th tee pare of ee Mica 


with the occasional assistance enumerated above, 
pny Amara ia. "7 a ae aes 
tection  cayaacnds Veteanes aes, rs: ; Cuminic Acid’; 

Benzoic Acid and, Group Bro- a J 

mine; Bronze ; eine; Cam- ; Erythric Acid; 
phor ; Caoutchouc ; Carbamic | sential Oils; Ethers; Ethyl; Gas; 
Acid; goes fll Equi- | Gas Ligh £ 

valents ; Formule Nomencla- | lysis; M and its Com 


Contributors and Revisers: English 
a = a a F.R.8., Lecturer on Chemistry, St. Bartholomew's 
Dr. Arkinson, F.C.8., Lecturer on Same Cheltenham 


J. ATTFIELD, onstrator of Chemistry, 8 t. Bartholomew's H 
Dr, Gururte, F.C.8., Professor of Uhemtatey, University of Mat das. 


” which were chiefly contributed by the late R. Puruutrs, had a high 
ra A But the enormous advance of chemical science has called for wn entire 
remodelling of this department of ‘‘The English Cyclopedia.” 


That labour has been accomplished by Dr. E, FRANKLAND, 


The following are amongst the Articles thus prepared ;— 


dium, &c.; Succinic Group ; Sugar; 
Sulphur, &c.; Tannic Acid and 
Tannin ; Tar; Tartaric Acid; Tin; 


Organic Ana- 
H ic Bases ; Organic Titanium ; Toluenic Group ; Tur: 
5 een, rere tine; Uranium; Urea and 
tonne: Ganoee 3 etallic ric Group ; Valerianic Group ; 


; Water; Wine; Zinc; Zirconium, 
tassium 4 Ontalieg lic Group;  So- 


vi cy CLORADIS aad oan aap SCIENCES: 


NAVIGATION AND MILITARY SCIENCES. 


Contributors; Penny Cyclopedia, Contributors and Revisers; English Cyclopwdia, 
seeeaee Daves, Wortetah, 8. M. Saxpy, Principal Instructor of Naval Engineors of Her Majesty's 


Reserve, 
. Professor Sandhurst. Dowre.y 
J Ramus, Profoncr of Mathomatio, Roya Miltary Ci haere 6 a 


The following Articles occur in this Department :— 


BY 8 M. SAXBY. BY CAPT. DONNELLY. 

Buoys; Chart; Collisions at Sea; Sea; Sail; Sailings; | Breach; non; ; Manowuvres; Revol: Rico- 
Compass; Great Circle pe Sess Ship; ag geen L Soundings, ter-A) : ; De. chet ; Rife; Rifled “Orinanos : 
Ground Tackle; Gun Boats Fan 8 Spherograph ; Tactics, tachment; Drawing Epaule- Shell; Siege ; 
Line ; Log-Book ; Pump (Ship' Reuter Traverse Tables. ment; Lines of Intrenchment ; Tenaille; War, Science of. 


Fortification and Guihery; Ordnance; Pontoon; Ravelin; Redout. By the late John Narrien, of Sandhurst College, and Captain Donnelly. 


MATERIA MEDICA; MEDICINE; SURGERY. 


Contributors : meta Cyclopedia. Contributors and Revisers; English Cyclopedia. 
De. Bante Miho late) of Bertin. | J. Ree "AM., Trinity College, E Laxkesten, MLD. 
G. Bopp, M. Pw 
5 Pere, uD. ?_— tate * Sa . Bartholomew's Hos- 
1 ¥ i. Ww. the 
yah Your ( late). Veterinary 


The following Articles occur in this Department :-— 
BY R. DICKSON, M.D. BY E. LANKESTER, M.D. 
Antidote; Auscultati ae ets : 
sce ates: | ee Si Sera, orien | 


Buchu ; Catbartics ; ; ‘ 
eae face dal | eeiatmeebaee | Seryeeammenee, | Seven Some mew 
Uses of; Sulphuric Acid, Medical | Usesof. | Fever, Continn sand Yellow j Pathology of W Dames af 
ilence; Phthisis; P Foe gh De! 
ARCHITECTURE; CIVIL ENGINEERING. 
Contributors: Penny Cyclopedia. | Contributors and Revisers; English Cyclopedia. - 
W. B. Cuanxe. | W. Hosxrne(the late). | W. H. Leeps. James THORNE. | G. R. Burweut, C.E. 


The following Articles occur in this Department :— 


BY JAMES THORNE. BY G. R. BURNELL, C.E. 

Architecture; Basilica ; Byereiine Norman Architecture; Pelasgi: Brick ; Bridge; Canal; Cement; | way; Reservoirs; Resistance 
Architecture ; Campanile; Castle; | Architecture; Persian Architec- Cente: Coffer-Dam; Con. Materials; River boatanbon: 
Celt ; Celtic Architecture j Gothic’ ture; R que Architecture; crete ; onduit ; Cottage Archi- | Road; Roof ; Sea Defences ; Sew- 
Grecian, Indian, and Talia, Ar. Saracenic Architecture ; Saxon Ar- tecture ; 5 ‘at Draw- ers ; Theatre ; Tidal Harbours ; 

; M chitecture; Triforium ; Tripod ; bridge 5 Joinery and a: Ma- | Tidal Waters and Currents; Tri- 
nassus ; Nineveh, Architecture of; Triptych. Bengt of Dee vile; Ps ay, House ; Wont 
Renaissance Architecture; Roman Architecture, By W. H, Leeds and ; 3 

James Thorne. | Engine; Propeller ees! ; 


PAINTING; SCULPTURE; AN TIQUITIES; MUSIC, ETC. 
Contributors: Penny Cyclopedia. | Contributors and Revisers: English Cyclopedia. 
Sir C. L. Eastiaxe, President of | H. eiqwann, Bo, Coe inte. Se eek, Pele Sinee. 

Royal y. R. Wesrmacort, R.A. } James THORNE. 

R. Forp (the late). R..N. Worxom, Curator of the Na- T. Mavons, London Lustitution. 

Sir Epwuxrp Heap. tional Gallery. | A. Ramsay, 

The following Articles occur in this soph J 

Alto Relievo. By Sir C. LBastlake. Miniature ; etl Niello ; Nimbus. Pee ee ; Pyramid. By gent a ote rapeum ; Stele. 


ware, Ancient. James james 
. pe By Samuel | Pain‘ and Hichools of: Ploture; sculpture land 


Wie Ono ‘pavting Wate: | 3 Ayrton, F.R.S., ot Samos aye, = B: Wornam Wood Enya ee ee A. Remaag, 
Glass Painting. By James Thorne. MPSA. (tho late), Photography, By T. Malone. Tesi x Biman, Roto 
MANUFACTURES AND MACHINERY. 
Contributors: Penny Cyclopedia. Contributors and Revisers: English Cyclopedia. 
Feat ede ti | ROD eye Adti sity. Sa Bose 
King’s College, A. Ross, 
James BREESE. J. T. Staxesy a 


Evwarp Cowrer (the late), Pro-| A. Une MD, "PRS. (the late). 
fessor of Manufacturing Art and | G. W. 
Machinery, King’s » London, 

The following Articles occur in this Department ;— 

BY GEORGE DODD. via Manufacture; Ribbon Ma- | ber and Timber Trade (with G. 


Anastatic Printing; Anchor; Atmo- | Cultivation, Trade, and Manufac- Man uftiite: re; Rope-Making ; Silk | R. Burnell) 3, Tin ee 
; Rail Automaton; | ture of; Cutlery ; Distillery ; D; Trane ‘and Ventilati 


np aay : ; thet ho CE Ta} try (with, J. Thorne) ; ; ; 
; Bell; Bell-Founding; | ing; Earthenware ; Embroidering eo, an Tee ; 
3 Bell; Be 5 Buvelope - Making ; Thread and | Weaving ; Wire- 3 Woollen 
apy meen og tones er : van fo nee e asubemteracivod Mae Yam tiles and Pa Pavemenia; Tim- | and Worsted Manufactures. 


- facture; Lead Manufacture Lea- Gas Manufacture. By G. R. Burnell, C.E. 
Confection; Cooperage; Cotton, | facture; Oil, Manufacture of; | Horology. By James Breese and George Dodd. 


CYCLOPEDIA OF ARTS AND SCIENCES. vil 


RURAL ECONOMY. 5 


Contributors: Penny Cyclopedia. Contributor and Reviser: English Cyclopedia. 
Rev. W. Hickey. | Rev. W. L. Ruan (the late), Vicar of Winkfield. J. C. Morton, 


The following Articles occur in this Department :— 


BY J. C. MORTON. 
Serer? > eametee  rikece coos De naton ot Crops 
Threshing ; Tillage ; Wh 


? 


Manure ; Oats; Ruewoes Tans Pea; Potato. By the late Rev. W. L. 
Rham and J. ©. Morton, 


a 
PHILOLOGY; MENTAL PHILOSOPHY ; GOVERNMENT AND POLITICAL - 
ECONOMY. 
Contributors: Penny Cyclopedia. | Contributors and Revisers: English Cyclopedia. 
T. . Key, Be Paar College, Cambridge, Professor of Comparative C. om, Bina ofthe Beth Museums DS Doncaster. 
Fae an eS Ey oe, nam | He ne TO Nn 
Gronce Lowa, A.M. : ? |B Gas, Master of Clas Clloge ao 
Rev. A. W. M. Moraisow, A.M. Trinity College, Cambridge. N. BE. 8. A Hamatox, of the British Museum. 
T. BE May, w, Clerk of the House of Commons W. ©. Hasrtro ox, of the State Paper Office 
G. R. Porter, F “RS. (the Inte), Secretary of the Boon of ane E. Levies, M.A Oxf 
| B. Norris, Beuty ofthe Aaatic Society 
| Dr. R. Rost, of St. ® College, Canterbu 
‘ Tuomas Warts, of the British Museum 4 
ous apieheahgee . 


Conjugation ; Deaf and Dumb. and Literature. 4 = and Literature. By 
“Hons; Language By peajme. bk BY | “Bye and Dr. A, hone : 
cane rion. By Samuel Birch. Paament; Tax, Taxation; iy ee 
lind, Bdueation of ‘the. By Cc. By Thomas Watts. ; sascon Language By E. Guest. System. 
Professor A. De Morgan. | Scandinavian Myth b © By. A. Me , Clerk ee ee 
Bowie: the late Dr. Rosen. : . | of Chanterieg = 
. By Edwin}; B.S. A. | Veda, ‘Vedaie Literature Zend; | Poor Law; Workhouse. By W. C. 
Norris. — Be hie H. C. Hamilton. Zend-Avesta. By Dr. T. Gold-| Glen. 


Contributors: Penny Cyclopedia, j Contributors and Revisers: English Cyclopedia, 
J. H. Burtoy, Dr. Anpy, Regius Professor of Civil Law, Cambri 
ON ee Sepang tears 5 J. C.F. FS Dar, Barternt ta Law. - st eee, e 
ee ee Piaf og Gopwrx, ba age page 
"e , Barrister- iw. 
Geonax Lovo » AM. Barrister at Law. Tea ee Kean, Li, D., Barristorat-Lav 
Mr. Senseaxr NING. : D. Mactacutax, Barrister-at-Law 
Starx, Advocate-General of of Ceylon. 
W. J. Tavter, A.M., Trinity Cambridge. 
@ Warwons, AM. (the late), College, Gina Barrister-at- 
The following Articles occur in this Department :— 
sprbona DR. ABDY. BY R. M. KERR. 
Bachelor of Arts Search, t of; Tribun » | Alien; Attainder; Attorney; Baron; | Timber and Timber ; Tithes; 
gians; Comitia ; Codes, Les Gag; | Scare! Veniencnny Wee |, Memmi apenas Ae Legislation {| Toll; Tombs, Vaults, e. ; Tres: 
Remainder; Session, ; Sta- ; Trial; Trover; Vagrant; 
BY J. ©. F. 8. DAY. tute; Statutes (Bootlind ; Statute | Venue; Wager of Law 
Bail; Bankrupt ; Patent; Payment; Penalty ; Writ of Error. i g 
BY ©. W. GOODWIN. Bankrupt Law of Scotland; Barrister in Scotland. By J. B. Kinnear. 
Administration ; Assets; Auditor ; Possession; Pro- BY D. MACLACHLAN. 
County Rate y ego OPT aan: Po ee te Trust | Election Committees; Evidence: Pawnbrokers; Police; Ships and 
Stock Companies; Partnershi : ipping. 
Perpetuation of Testimony ; Ae r 
Bill of ae ee: Sessions. By J, E. Davis, Barrister- 
BY J. GRANT. i law; Schools, Batowed. Sy therteres ‘Siehia By ts: Maho 
Bank; Banking ; Bounty ; Corporation; Currency. George Long, M.A.’ Jardine, ss 
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Each Division of the English Cyclopedia is sold as a Se} 


| he Cyclopeedia of Anrs and Sormxors, 8 Volumes... . we 


Biograpuy, 6 Volumes . 3 i a Yes 
GroGRAPHY, — 4 Volumes 
Price oF THE 


hat 


S3273% | s§ t2¢y ateaveas 43 
gagsea ¥ 28 ebgs estrees oF 
| 3 Hoe. bape eed Paha 
: hey ee ne | 3 elit “# 
/ steer 3 FO bs Stade ipegaets =e 
. Ae i Sipura at 
; = eaeeee 5 ge wepazgs ma gsee ge 
| = aie i uy : 
as a g| aes 3— | Ber Bad sseits ae me 
S 5 Te iB 2 22 ei ; 25 
E) etspeeds FO ye Babee ects ted: 23 
a aggiviiy Fa ‘ pee FE A 
Ra juan OB op fp 
§ O. . | |a8agde, 0 tx bisSegHats! :: 
; Oo 33 spat FF z giigi? 282285 rd 
j Z PEE EH fe tagitycis a: =i 
= = aiiay : gi Helle Hu 
. eres - SEilists HEHLAN Gy a5 

3 i=) Ss 8 2 — he ao i=" ‘Ss £ bo @ & isc. esse a 2 
| o | £ iii Ta fain deal Ee 
5 2 sigcdigceveeditiguestesses gsegeseglil, G27 38 plsedaie 
| = 2 | PHP Masten al ine, 
‘ a Hse tee re eter dE eer eed 
E 5 inviiil ait igi lapeettin a dua 
dp) A | ae 1 ist gegiscd chase’: Halgues a : Bio 
| s alaiagpiety Headley ail 
: = el inalitagd i: inputs bie 
Z ee ills: ne its 
face HIB : 

gc paced beste 
eae 
aS te 3 = : 
ea UIT nin Hy He! 


a 


& 


a i ons 


» 
v 


5 
iia Fun 


3 TACTICS, NAVAL. 


TACTICS, NAVAL. 


may constitute six or nine el lines, the number of ships being 
equal in all. The ships in this order are supposed to be close-hauled, 
and the keel of each ship coincides with the direction of the line to 
which it belongs, or the ships of each line sail in each other's wake ; 
while the corresponding ships in the different divisions may be either 
abreast of each other or in bow-and-quarter position. A line drawn 
through the mainmasts of the ing ships in the different 
divisions ma su to coincide with the direction of the wind. 
This order m | sailing is that which was considered the most advantageous 
on account of the facility which it afforded for forming the line of 
battle. Generally, the fleet consisting of three divisions, the 

of the line constitutes the weather division, and is commanded by the 
vice-admiral ; the centre division is commanded by the admiral him- 
self; and the leeward or rear-division, by the iral. If the 
fleet consists of more than three divisions, those which are not com- 
manded by the admirals are under the direction of commodores, or 
senior-captains, and each commander is in the centre of his own line; 
frigates, store-ships, &c. are kept to windward of the line of battle- 


shi 

The first and second orders of sailing are easily formed, however 
irregular may be the previous dispositions of the ships; for the ship 
which is appointed to lead in the formation may get to leeward of the 
whole fleet, and then hauling her wind (disposing her sails so that she 
may move ina line making the given inclination to the direction of 
the wind), she may sail in the proj direction : the other ships 
then, according to their positions, follow successively in her wake, and 
when all are proceeding in one line, each veers PVauntne] or bears 
away, ing in the ibed course, and still preserving the general 
line, The third order of sailing is formed after all the ships have got 
into one line, steering in each other’s wake as above mentioned, and 
the line making an angle of about 10 points, 112° 30/, with the direc- 
tion of the wind (reckoning from the latter direction towards the 
bows of the ship). The yan ships, which are those to leeward of the 
admiral, who is supposed to be in the centre, successively haul their 
wind and steer in the proposed direction ; and when admiral’s 
ship has hauled her. wind, the sternmost or windward ships do the 
same, and each in a direction parallel to that of the other 
ships. The fourth and fifth orders of sailing are formed by the leading 
ships of the different divisions getting abreast of each other, or in 
bow-and-quarter position, at the prescribed distances; and then the 
ships of the respective squadrons taking their places in each other's 

e8, 

In the orders of sailing, the distance of one ship from another, in 
line, should be such that any danger of running foul of each other 
may be avoided : in general, that distance may be considered as equal 
to two or three cables’ | (each =120 fathoms). And, with 
to the distances between the several lines in the fifth order of sailing, 
it has been determined, the ships being close-hauled, by supposing that 
a line joining the headmost ship of. one of the leeward divisions, and 
the sternmost ship of the next division to windward, should be at right 
angles to the direction of the wind; or that the angle which such line 
makes with each division should be equal to 2 points, or 22° 30’. In 

eral, this interval may be considered as equal to six or nine cables’ 
fength ; and it is of importance that the distances prescribed by the 
admiral of the fleet should be strictly preserved. 

In order that the commander of any one ship may readily ascertain 
and preserve his relative position in a fleet when in order of sailing, the 
een device called the naval re, which was invented by Pére 
YHoste, may be employed. It co in tracing upon the quarter- 
deck a great square a BCD (diagrams Nos. 2 and 3), haying two sides, 
AD and BC, parallel to the ship's fength 5 the diagonals, a c and BD, 
intersecting each other in kg, and the line HE 8s being drawn y 
over the ship's keel; also the point 1 being towards the head of the 
ship. Now, if a ship were sailing in the direction s H, close-hauled on 
the starboard tack, as in the cut No. 2, so that B p coincides with the 

lane of the sail, and w & (bisecting the angle » Ec) with the direction 
which the wind is blowing: then, hee having tacked and become 
close-hauled upon the port tack, since the directions of the vertical 
planes passing through the keel and sail make angles with the direction 
of the wind equal to those which they made before ing, the line 
8H, that is, the line on which the ship will be sailing, will coincide 
with, or be parallel to, the position of go in the diagram. In like 
manner, if aship be sailing in the direction s H, close-hauled on the 
port tack, so that ao coincides with the plane of the sail, and VE 
with the direction in which the wind is ouined then, after having 
tacked and become close-hauled on the starboard tack, the line s H, on 
which the ship will be sailing, will coincide with, or be parallel to, the 


position of ED in the 

Hence, if a fleet be three parallel divisions, the ships sailing 
abreast of each other, those in each line will be in the direction s 4, 
and the corresponding = in the different divisions will be in the 
directions anor pc. If the fleet sails close-hauled, and, for example, 
on a starboard tack as in No, 2, the ships in each line will be in a 
direction coincident with or parallel to s 4, and the correspondi 
in the several lines be in a direction coincident with, or el to, 
W 8, which is that of the wind. Again, if the flect is in three divisions, 
and the ships are sailing in parallel directions not coi with those 
of the divisions; if, for example, the ships should be sai on the 


port line of bearing while close-hauled onthe starboard tack, 
the subjoined diagram, the ships in each line will be in the direction 


Fig. 3, 


different divisions will 
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on which account the line is 4 
ing disabled can be easily replaced by one of 


simply hauling the wind, or by tacking [Tackre] 
mal, os Cha onus chew eocdibh, Ck aled tai ok ks a 
in any proposed direction of the line, If it be intended 
line of battle from the third order, the ships in a 
already in a line, in the direction of their keels, must simply 
wind and get into each other's wake in the proposed 
line ; each ship in the other wing is then brought into a 
at right angles to the direction of the wind, and, as 
wing anwar these fall successively into their wake. 
en the line of battle is to be formed from the 
order, all the ships being supposed to be close-hauled 
may take place upon any one of the divisions ; the ships 
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prolongation of the line thus formed. If, for example, the fleet consists 
of ships sailing in three divisions close-hauled, and the line is to be 
formed upon the centre division, as in the subjoined diagram ; then, 
as soon as this squadron is brought éo, the ships in the weather division 
bear away and steer till they get ahead of the centre, when they haul 
their wind ; the lee division tacks and sails on till it gets astern of the 
centre, and when these ships have hauled their wind the line of battle 
is formed. In this formation the weather division or column has been 
made to constitute the van, and the lee column the rear of the line; 
but it is sometimes thought n to make the columns change 
ow te causing that which is on the weather side of the fleet to 
the centre or rear column, or by making the centre or lee 
column constitute the van of the line, A like interchange of the 
places of the van, centre, and rear divisions is also, occasionally, made 
when the fleet is in the order of sailing; and various other evolutions 
are performed by the ships of a fleet, both while sailing and in the line 
of battle: the principal of these consist in the several ships tacking, 
or veering, in succession, and in turning to windward; and there are, 
besides, the series of movements which are necessary in order to restore 
the line of battle when disordered in consequence of a shifting of the 
wind. But the detals of these evolutions can be studied with adyan- 
tage only in works which are expressly written on naval tactics. 
From the order of battle it is necessary to return to some one of 
the orders of sailing; and with respect to the three first of these, it 
will be merely necessary for the ships in the line to tack, or bear away, 
in the assigned directions, increasing or diminishing sail, so that they 
may arrive in their proper positions nearly at the same time. In 
returning to the fifth order of sailing, there are two cases, which con- 
oo gh aap ap a the mancuvres on the same and on the opposite 
tack. the first case, should it be required that the van may become 
the weather squadron, the van and centre tack together and stand on, 
while the rear proceeds in its actual course; then; when the rear 
comes successively abreast of the centre and van oypadrons, these re- 
tack, and thus three parallel columns are formed. the second case, 
the van being to form the weather squadron, the ships in van first 
tack in succession, then the ships in the centre, and lastly those in the 
rear. All then keep on, till the ding ships in the differ- 
ent squadrons get a’ of each other, when the order is formed. 
The evolutions differ, of course, from those just mentioned when 
the van is to form the lee, and when it is to form the centre 


two equal divisions, in lines making 


If a fleet is much superior in force to that of the enemy, it will be 
of little moment whether it comes to action on the windward or the 


the other hand, the disadvantages of being to windward are, the diffi- 
retreat without passing thro 
ships cannot quit the line without disordering the rest of the fleet, and 
in stormy weather the lower-deck ports can seldom be opened. When 
a 


to against peri 
a fleet to leeward of the enemy’s line should attempt to gain the 
side, it should mancuvre so as to delay the engagement for 
in the hope that a change of wind in its favour may take place, 
it must then endeavour to take advantage of such change. In 
ircumstances the commander must however keep the enemy in 
at least he must obtain a knowledge of his manmuvres by 
frigates detached for the purpose. If unable to succeed in 
i to windward, it should be drawn up on a line as short as 
in which case, that of the enemy being more extended, some 
in it must either take no part in the engagement, or, 
line in order to bear down, they will lose the advantage 
the other hand, a weather should be manceuvred 
keep that which is to leeward quite abreast of it ; 
the wind should shift, it will continue to hold its 


it is desired to bring on an action against a fleet in line on 
the general rule is that the weather fleet should 
as en ee beat dovs w m it till within the proper 
in order of battle. Should the leeward fleet bear 

i the wind in order to avoid the engage- 

ment, the other may bear away at a still greater angle ; then, according 
the relation between the distance of the fleets from one another and 

weather line of ships, the latter will cut the other in 
some particular part of its length, and thus compel it to fight in dis- 
a cireumstances, Again, if being to leeward of the enemy, 
it be necessary to avoid an engagement, the only resource is to bear 
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away in order of retreat. If to windward, the fleet should, if possible, 
in retreating, keep constantly on one tack, in order to avoid the loss of 
time occupied in going about; but if from want of room it be necessary 
to change the course, the fleet may be kept on one tack during all the 
time that the enemy is on the other: for thus the two fleets will be 
constantly diverging from one another. 

It is observed by Mr. Clerk, in his ‘Essay on Naval Tactics,’ that 
when an enemy's fleet is to leeward, and in that situation is to be 
brought to action, both fleets being in line of battle, if the ships in the 
weather-line bear directly down upon the others, those in the van are 
liable to be disabled in their rigging; and thus, their motion being 
retarded, disorder must ensue in the dispositions of the ships which 
follow them. Precisely the same disadvantages, he adds, attend the 
method of coming with the whole fleet, in line of battle, obliquely 
upon the line of the enemy; and to these faulty modes of attack he 
ascribes the damages which have so frequently been sustained by 
British fleets at the commencement of actions. The method proposed 
by that writer for coming to an engagement against a fleet to leeward 
is similar to that of an attack in oblique order on land, and consists in 
detaching a squadron for the purpose of attacking some of the rear 
ships in the enemy’s line : the squadron should engage the ships broad- 
side to broadside while the rest of the fleet is at a distance, prepared to 
send support if necessary. Then, should the van and centre of the 
enemy’s fleet continue its course in order to avoid a general action, 
those rear ships will be taken: if any of the van ships should tack 
successively in order to support the rear, some other ships of their line 
will be in danger of being taken by a second squadron detached from 
the windward fleet; and if the whole line should tack together, the 
disorder thence arising might cause the loss of more ships, or might 
bring on a general action at a disadvantage to the leeward fleet.” Lastly, 
if this fleet should veer, and bear away, the ships would become ex- 
posed to a raking fire in their retreat. 

The manouvre of doubling an enemy’s line of battle consists in 
sending ships round by either of its extremities for the purpose of 
placing some of those in that line, between two fires. In order to 
double a fleet, the ships should advance beyond its van, or fall in its 
rear, when by tacking or veering according as they are to leeward or 
windward of the line, they may get into the required position on its 
opposite side. It is right to observe, however, that this mancouvre 
ought to be attempted under favourable circumstances only, as the 
doubling ships are liable to be separated so far from their own fleet as 
to be prevented from rejoining it; and it is, on the whole, considered 
more advantageous to double a fleet by its rear than by its van, since 
in the event of some of the enemy’s ships being damaged, and unable 
to keep up with the rest, such ships may be taken by those which are 
performing the manwuvre of doubling: should any of these last be 
separated from their flect, they can remain in the rear without risk, 
till an opportunity is offered of rejoining it. At the battle of the Nile 
(1798), Admiral Nelson doubled the van of the French line, and 
attacked it on both sides, while the other ships of that line, the whole 
fleet being at anchor, could afford no assistance, In order to avoid 
being turned, the largest ships of a fleet ought to be in the van and 
rear of its line when in order of battle; and the rate of sailing for each 
should be such that the rear ships may never be astern of the enemy. 
Care should also be taken that the ships are as close together as 
possible, that the enemy may not pass between any two of them, and 
thus break the order of battle. 

It is well known, from the records of naval history, that the 
manoeuvre of cutting through the line of an enemy’s fleet during an 
engagement has been several times performed by English commanders 
since the middle of the 17th century. In an action with the Dutch, 
in the year 1652, Sir George Ayscue is said to have charged from the 
leeward through the fleet of the enemy; and in that between the 
English and Dutch fleets in 1665, the earl of Sandwich cut through 
the centre of the Dutch line, and caused the disorder which ended in 
its total defeat; again in May, 1672, Sir Joseph Jordan, of the Blue 
squadron, having the advantage of the wind, pierced the Dutch fleet 
and threw it into confusion. But the action which first gave notoriety 
to the mancuvre was that in which Admiral Rodney gained the im- 
portant victory over the French fleet commanded by the Comte de 
Grasse: this action was fought in 1782. The battle in which the 
brilliant career of Lord Nelson terminated with a decisive victory 
(1805) owed the success with which it was crowned to the employment 
of a like mode of attack. 

The honour of having been the first to demonstrate fully the prin- 
ciples on which the manoeuvres of an attack against fleets to windward 
or to leeward depend, is generally ascribed to Mr, Clerk of Eldin, who 
published the first edition of his ‘ Essay on Naval Tactics * in 1782; 
and it has been asserted (Playfair’s ‘ Memoir of Mr, Clerk’) that Clerk 
had, in conversation, communicated to Sir Charles Douglas (Rodney's 
flag-captain) his whole system of tactics in the year preceding that in 
which the battle with the Comte de Grasse was fought. The accuracy 
of this assertion has been however disproved by Sir Howard Douglas, 
in his ‘ Memoir on Naval Evolutions ;’ and from an account of the 
circumstances under which the-manwuvre of breaking the French line 
was performed, as they have been given by Sir Charles Dashwood (one 
of Admiral Rodney's aides-de-camp on the day of the action), it appears 
that the idea of the manceuvre was, at the moment, suggested to the 
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admiral by Sir Charles Douglas on perceiving an opening in the French | few main features of his most recent opinions—the k of a fleet 
line atin Ae two of the ws near its phos ch fleet was | of steamers in well concentrated columns on lines of en échelon ; 
formed in line on a larboard tack, and tended to gain the windward | the turning an enemy’s flank by an oblique movement, as practised on 


side of the British line, which from the leeward side advanced obliquely 
towards the fifth ship from the van of the enemy. Signals were then 
made for the British ships to close up in their line, and the action com- 
menced as the two fleets ranged in ite directions alongside of 
each other. When the centre of the British fleet came opposite the 
third or fourth ship of the French line, Admiral Rodney's ship began a 
close action within half a rusket-shot against the ships of the enemy 
with which it came successively abreast ; and then the opening appear- 
ing as above mentioned, the opportunity was seized of through 
it: this was done so near the enemy, that the admiral’s ship almost 
touched the French ship on each side. The ships astern of the admiral 
followed him closely, and these kept up a powerful raking fire against 
the ships in the rear division of the enemy’s fleet, which, being driven 
to leeward as the van of the British fleet passed them, broke into two 
divisions, and made sail before the wind to escape. As soon as the 
van of the French fleet was left beyond the rear of the still advancing 
line of British ships, it also broke into two divisions, which retreated 
in different directions ; and then the signal being made for the ships to 
close up, the British fleet followed in pursuit of that division with 
which the French admiral had retired. At'the battle of Trafalgar 
(1805), the combined French and Spanish fleets were drawn up in one 
line, of a crescent form, the convex part being to leeward of the wings, 
while the fleet of Lord Nelson bore up against it in two lines, in the 
order of sailing; the leading ships of the lines broke through the fleet 
of the enemy in two places, and were followed by those of their respec- 
tive divisions. 

The manquvre of breaking the line of a fleet, like that of attacking 
in column the line of an army, may not always succeed; and in the 
action, June 3, 1665, several squadrons through and through 
the Dutch fleet without gaining any advantage. If the line of ‘the 
enemy is strong, the ships which would pierce it may be placed 
between two fires, or may be cut off from the rest of their fleet; and 
perhaps the manceuvre ought not to be attempted unless the line to be 
broken is already disordered by the action, or unless ‘a favourable 
opportunity should present itself from negligence or want of skill in 
the enemy. 

Should sufficient reasons exist for performing the manceuvre by a 
fleet which is to leeward of its enemy, the ships of that fleet 
should close up as much as a and by a press of sail get 
rapidly through the opening without attempting to the ships 
between which they pass; or each should give the fire of a broadside 
to one only, reserving the other broadside for the ship with which it is 
to engage in the new position : this position the ships should of course 
gain as soon as possible. On the other hand, an attempt to break the 
line of battle may be counteracted PBs Bape the fleet, as soon as 
some of the enemy’s ships have got ugh, to put itself on the same 
tack as these; by which means some of them will be engaged between 
two fires, and others will be cut off from all connection with the fleet 
to which they belong. 

When the commander of a ship intends with that ship to come to 
action with one of the enemy to leeward, he should bear down 
obliquely towards the latter till he gets nearly into its wake ; and when 
at a proper distance, he may either run up alongside, or having shot 
a-head, veer and run down on the weather bow: the ship attacked 
should never be allowed to bring {her broadside to bear except when 
both ships are in parallel positions. 

Tn chasing an enemy’s ship which is to windward, the chaser being 
presumed to sail better than the ship she pursues, it is recommended 
that the former should stand on close-hauled till abreast of the chase; 
she should then tack, and stand on close-hauled till again abreast; and 
soon. The ship chased, on the other hand, should, in order to avoid 
loss of time, continue constantly, if possible, on one course; but it is 
evident, from the supposed inferiority of her sailing, that she must at 
length be overtaken by her pursuer. 

Such have been, and such would continue to be, the basis of sys- 
tematic naval warfare with sailing fleets. As the Royal Navy, 
an extended system of mancouvres is called for, inasmuch as more pre- 
cision in evolutions is attainable by steam-fleets such as will be our 
future defence. 

To this subject both English and French writers have already given 
their professional attention; and the French admiral, De la Gravitre, 
in his work called ‘Guerres Maritimes,’ advocates the all-predominant 
advantages of speed over an adversary. It is to Admiral Bowles, C.B., 
that we owe even the present position of the question of naval tactics ; 
for in 1546 he called attention to the necessity of improved modes of 
manceuvring steam-vessels before an enemy, as may be seen in his ‘ E 
on Naval Tactics, 1846, He was ably seconded by Capt. Dahlgren, Us. 
navy, in his work on ‘ Shells and Shell Guns.’ But it is to General Sir 
Howard Douglas, Bart., that this country owes that development of a 
system which has been very carefully illustrated by him in numerous 
diagrams in his ‘ Naval Warfare.’ We refer, therefore, to that work 
for further details, which would be unnecessary in this Cyclopwdia—a 
work not only valuable to in commander, but also to merchant 
captains, who may resolve to (i,the costly ships and steamers com- 
titted to their charge. We merely, therefore remark in brief, as a 


land by Frederick II,, by Napoleon at Austerlitz, by Wellington at 
Waterlvo, &c., &c.; and this by a overwhelming force upon 
the point attacked; the steaming in Ji 

simple movement of each ship's head to form échelon of ships in 
ahead, either as offensive or defensive measures. This consists of a 
wedge-shaped double line formed on a central ship, in the form of two 
sides of a right angle, the sides being right angled at such central ship, 
each ship making with the other an e of four points. Sir Howard 
Douglas entirely repudiates the practice of fighting in parallel order. 

(Traité des Evolutions Navates, par P. Paul Hoste, 1690. A Trans- 
lation of the same by Captain Boswall, R.N., 1834; Clerk's Assay on 
Naval Tactics, 1790; L’Art de Guerre en Mer, par M. le Viscomte de 
Grénier, 1788 ; Steele, 1794, Admiral Sir Charles Ekins, Naval Battles ; 
and Admiral Sir Howard Douglas's Naval Warfare with Steam, 1882 
and 1858.) 

TANIA. OULDING.} 

TAIL, ESTATE. [Esratr.] : - 

TAILZIE, in the law of Scotland, is the technical term correspond- 
ing with the English word Entail, which a ye 
it in colloquial use, even in Scotland. ey ny — ae 
law in Scotland in some respects resembles o 5 
Sootland ‘there 


in later times they diverged from each other. In 


was no early effort, such as the statute of Westminster the Second 
(13 Edw. 1.) favouring deeds appointing a fixed series of heirs, nor does 
there appear to have been on the part of the judges that inclination to 
permit perpetuities to be defeated by fictions which was shown in 
England. Devices, however, of a very similar character to those of 
the English statute were adopted to defeat attempts by holders under 
entail to use their lands as if they were absolute p 
first and simplest restriction laid on the destined heirs of an entail was 
in the form of a mere prohibition, against contracting debt which 
might occasion the attachment of the estate by creditors, selling the 
property, altering the order of succession, and the like. A provision 
of this characte: 


? 


was no ground for L nis 
prietor was under a prohibition oan r ig such occurrences, 
A second provision was added, called an “ Irritant clause, by which any 
right acquired con’ to the provisions of the entail was declared to 
be null. Still this did not effectually intimidate the holder under the 
entail from making efforts to break it, and did not give the next in 
succession a sufficient title to interfere. A third provision was added 
called the “ Resolutive clause,” by which the right of the person who 
contravenes the prohibition “ resolves” or becomes forfeited. It was 
then provided by statute (1685, c. 22) that all entails should be effective 
which contained Irritant and Resolutive clauses, were duly recorded in 
the Register of Entails, and were followed by recorded saisins con- 
taining the Prohibitory, Irritant, and Resolutive clauses. Entails thus 
became a permanent feature in the institutions of the country. A sort 
of judicial war was for a time carried on against them, which produced 
a vast amount of litigation and strife, and placed the titles of property 
in a precarious and doubtful position. Quite recently, however, the 
entail law of Scotland has been assimilated to that of ; 
method of creating entails has been simplified, and means of — 
them provided, so that, pos in matters of form, the law of Sco 
with respect to entails now closely resembles that of England. 

TALAPOINS is the name given by the Portuguese, and after them 

other European nations, to the Buddhist priests, or rather monks, 
of Siam, and is supposed to be derived from the fan which they always 
carry, usually made of a leaf of’ the tree, and hence, says 
Crawfurd (‘ Journal of Embassy tu Siam ’), denominated by the Sanskrit 
word Talpat. Tal is the common Indian name for the palmyra; and 
the older travellers give Talapa as the Siamese word for a fan. By 
the Burmese the Talapoins are said to be called Rahans, whence seems 
to come the name Raulins, given to them by the Mohammedans ; as 
by the Chinese they are called Ho-changi; in Tibet, Lama-sen or 
Lamas; and in Japan, Bonzes. (Prevost, ‘ Histoire Générale des 
Voyages,’ vi.; and ‘ Christianisme en Chine, en Tartarie, et au Thibet, 
par M. Huc, 1857.) In Ceylon the name for the priests is stated by 
Sir J. E. Tennent, in his ‘ Christianity in Ceylon, 1850, to be Sama- 
naros, the name: also given to them in Siam; apparently the same 
word as the Samaneans, or Buddhists of Bahar, quoted by Pliny and 
Strabo from Megasthenes, B.o, 300. j : 

They are, as has been stated, a species of monks living in com- 
munities of from ten to some hundreds, and employing their time in 
devotion, religious study, and meditation, and in , or rather 


and squalidity of the general population. On the other hand, a tala- 
poin is not only from society by being condemned to celibacy, 
and is prohibited possessing property, but is expected to observe 
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————— 


very strictly several of the precepts of the national religion which are 
nd little attended to by anybody else, especially the prohibitions 


— we S 


: aero jee pamaniey: but that they are superstitiously sincere. 
T PE. [Pxorocraruy.] 
: TALENT (rdAayrov) was the highest denomination of Greek 


tion of weight. There was no coin of that name; 
reference to money, it meant originally a talent-weight of gold or 
silver, and afterwards a certain quantity of current money, the weight 
of which (supposing the real and nominal value of the coin to be the 


1. The Hebrew Talent, or Kirkar (12D), contained 3000 shekels, and, 
according to Mr. Hussey’s computation, its weight was 93 Ibs. 12 ozs 
ave is, and its value as silver-money 3961. 5s. 10d. [SHEKEL.] 
s had no gold money of their own. 

Il. The Greek Talent.—The following were the — denomina- 
tions of weight and money among the Greeks :—oBoAds, dpaxuh, uvh, 
tddavrov, of which the d80Ads was the smallest. Their relative pro- 

- portions are shown in the annexed table :— 


Obol 

6 | Drachma 

600 | 100 | Mina 

36,000 ~ 6000 +| Gu | ‘alent, 


This system prevailed throughout Greece, but the actual values of the 
varied in different states. Most of these variations may be 
. included under two chief standards, namely, the Attic and 2ginetan. 
_ 1. The Attic Talent.—The value of the Attic talent before the time 
of Solon is a matter on which we possess little historical information, 
though there is no doubt that previous to Solon the Euboic talent was 
use, and coins exist which are held to belong to that period. After 
Solon had remodelled the coinage, the Attic silver money was 
celebrated for its purity; and therefore from the coins of that period 
exist we may determine the value of the standard with 
. Now the chief coin was the drachma of silver, the 
average weight of which, from the time of Solon to that of Alexander 
the Great, is found to be 66°5 grains. From this we get the following 
values in avoirdupois weight :— : 


: 
: 


Ib 04, gr. 
Obol eo. 3 > . ee we 11°08 
Drachma . ‘ . ° a ae 66°5 
Mina . . . «oe 15 83°75 
Talent F - 56 154 10032 


‘This was the standard always used for silver money, and was there- 
fore called “ the silver standard.” 
Besides this there was another standard, the chief weight of which 
was called the commercial mina (7 wa i éuropixh), and contained 138 
drachme, “according to the standard wei 
a decree in Bickh, ‘ Corp. 


Ib oz gr. 
Obol . . oo «15°29 
Drachma Z va) O77 
Mina « . ‘ . 1 4 93°69 
Talent . . « « 7 5% 14°69 


These weights were used for all commodities, except such as were 
ly required by law to be sold by the silver standard. 

Feer nas cent cate teat bea shown, the 
real ancient Attic standard, as it existed before the time of Solon. 
_ The purpose of Solon’s change was to lower the value of money, in 
order to relieve debtors, The only direct information we have of the 
nature of the change is the statement of Plutarch, that “Solon made 
4 100 drachme, which had formerly contained 73,’ which 
mistake made by Plutarch, through not i 
1 ——, wpe y Fag The true 
: seems loubtedly to be, that out same mtity 0, 
Ma ae che cocient arated onan 19 Gk 
mina; that is, that he lowered the standard in the ratio of 
the ratio of the commercial to the silver standard is 
Hence the commercial standard and the old 


"a small fraction. 

ery singular one for Solon to have 
_ adopted. Béckh suggested that Solon meant to lower the standard by 
; , in the ratio of 100: 75, and that the new coi 
of not uncommon occurrence in minting) was found, 


when actually made, to be a little too light, namely, in the ratio of 
723 : 100, or, in round numbers, 73 : 100 to the old money, instead of 
75: 100; but a further investigation has led him to conclude that the 
true reason was to bring the new system into a di proportion 
with the Aginetan which prevailed widely in Greece, and this pro- 
portion is as 3 : 5. : 

The Romans reckoned both the Attic and Euboic talents as equal to 
80 Roman pounds (compare Polyb. xxi. 14, with xxii. 26, and Liv. 
xxxvii. 45. with xxxviii. 38). 

The Attic commercial standard underwent an alteration by the 
edict above referred to, which made 


its mina = 150 drachme (silver) 
its5 mine = 6 mine (commercial) 
its talent = 65 mine (commercial) 


In this new standard the five-mine weight was equal to 7Ib. 133 oz 
14°96 grs., and the talent to 85 Ibs. 23 oz. 70°7 grs. ‘ 

The Athenians took the greatest care of their standards of weight. 
The principal set were lodged in the Acropolis, and there were other 
sets in the Prytaneum, at Pirzus, and at Eleusis. 

The highest coin used by the Athenians was the tetradrachm, or 
piece of four drachmz; the mina and talent were never coined, but 
were paid in drachme, oboli, &c. The following table shows the value 
of all the denominations of Attic silver money, according to the com- 
putations of Mr. Hussey :— 


£ 8s. ad. farthings. 
Chaleus (of copper). ‘ *8125 
Obol . . . . Ray" 1°625 
} OT hE ee Seek 3°25 
Obol . < . . eu be a ad 
Diobolon . . . . . 3 1 
Triobolon . . . 4 35 
Tetrobolon . . . . 6 2 
Drachma ° . . . ee 
Didrachm . . ° . ° | ey a 
Tetradrachm . . . «6 3.3 
Mina. ° . : . SP ot eet 
Talent . . ‘ . « »« 24315 
2. The dginetan talent.—Pollux (ix. 76, 86) says that the Auginetan 


talent contained 10,000 Attic drachmm, and the A2ginetan drachma 
10 Attic obols, which would give the ratio of 5:3 for that of the 
/Eginetan to the Attic talent. According to this statement, the 
AXginetan drachma weighed 110 grains English, Now the existing 
coins give an average of only 96 grains; and the question therefore is 
whether we are to follow Pollux or the coins. Mr. Hussey takes the 
latter course, explaining the statement of Pollux as referring to the 
debased drachma of later times, which was about equal to the Roman 
denarius. Béckh adheres to the statement of Pollux, explaining the 
lightness of the existing coins by the well-known tendency of the 
ancient mints to depart from the full value. He has supported his 
view by some very strong and ingenious arguments, and on the whole 
he appears to be right. 

There were other talents used by the Greeks and Romans, most of 
which seem to have been derived from one of these two standards, but 
the accounts of ancient writers respecting them are very contradictory. 
Their values are discussed at length by Bockh, Hussey, and Humphrey. 

The most important variations of the A°ginetan standard were those 
used in Macedonia, Corinth, and Sicily. 

The above talents were all reckoned in silver money. There was 
also a talent of gold, which was much smaller. It was used chiefly by 
the Greeks of Italy and Sicily, whence it was called the Sicilian talent 
as well as the gold talent. It was equal to 6 Attic drachme, that is, 
about } oz, and 71 grs. It was divided by the Italian Greeks into 24 
nummi, and afterwards into 12, each nummus containing 2) litre. 
When Homer uses the word talent, we must always understand by it 
this small one of gold. In other classical writers the word generally 
means the Attic talent. ° 

(Bickh, Metrolog. Untersuch. ; Hussey, Antient Weights and Money ; 
Hump , Coin Collector's Manual, 1853.) 

TALE'S. At common law, when the number of jurymen in attend- 
ance was so small, or so much diminished by challenges that a full ju 
could not be had, a writ (then in Latin) issued to the sheriff, command- 
ing him to summon such (tales) other fit persons, &c., for the purpose 
of making up the jury. The jurors so procured were called talesmen, 
from the Latin word used in the writ. By the statute 35 H VUL., 
c. 6, the defect of jurors might, at the request of the plaintiff or de- 
fendant in an action, be supplied from poe other able persons of the 
said county then present, and these were ordinarily called, from the 
words in the Latin writ, “ tales de circumstantibus.” Subsequent sta- 
tutes extended and regulated the application of this statute. The act 
now in force is the 6 Geo. IV., c. 50, s. 37. 

TALIONIS, LEX, the law of retaliation; the notion of which is 
that of a punishment which shall be the same in kind and degree 
as the injury. This punishment was a part of the Mosaic Law: 
“breach for breach, eye for eye, tooth for tooth: as he hath caused 
a blemish in a man, so shall it be done to him again. Levit. xxiv., 
20. The name “ talio” occurs in the provisions of the Twelve Tables : 
it is not there defined what it means, but the signification of the term 


an 


nu TALISMAN, 


may be collected from other places. The word contains the same 
element as the word (alis, “ such,” or “ like.” 

TALISMAN, an Arabic word, supposed to be derived from the 
Greek telesma (1éAcoua), is a figure cast in metal or cut in stone, and 
made with certain superstitious ceremonies, when two planets are in 
conjunction, or when a certain star is at its culminating point. A talis- 
man thus prepared is supposed to exercise an influence over the bearer, 
preserving him from disease, rendering him invulnerable in battle, and 
so forth. They were probably used originally to avert disease, for we 
find them mentioned in the history of medicine among all ancient 
nations. The Egyptians made use of figures of sacred animals, such 
as the ibis and the scarabeus, which they wore generally suspended 
from their necks. The Arabs and the Turks did the same, when they 
were idolaters; but after their conversion to Islam, they used 
sentences from the Koran, taken chiefly from the surah, or chapter, 
entitled ‘The Incantation.’ These they wore inscribed on rolls of 
vellum or paper, enclosed in a silver box, and suspended from their 
neck; or else engraven upon a signet ring. Military men used 
similar sentences from the Koran on the hilt or blade of their swords; 
on their shields, helmets, and other pieces of armour; or woven into 
their garments. Christian nations even were not exempt from this 
superstition. In the middle ages, relics of saints, consecrated candles, 
and rods, rosaries, &c., were employed, and still are, in Spain and in 
some parts of Italy. 

TALLAGE is derived, according to Lord Coke, from the law Latin 
word tallagium, or tailagium, which, as he says, “ cometh of the French 
word tailer,to share or cut out a part, and metaphorically is taken 
when the king or any other hath a share or part of the value of a man’s 
goods or chattels, or a share or part of the annual revenue of his lands, 
or puts any or burthen upon another; so as tallagiwm is a 
general word, and doth include all subsidies, taxes, tenths, fifteenths, 
or other burthens or charge put or set upon any man.” It was 

merally however confined in its sense to taxes received by the king. 
The most important statute on the subject is entitled ‘De Tallagio 
non concedendo, which was passed in the 34th year of Edward IIL, 
to quiet the discontent then universal throughout the kingdom. It 
had arisen among the commons in consequence of the king having 
taken a tallage of all cities, boroughs, and towns without the assent of 

iament. He was embroiled also with the nobles and landowners, 

m having attempted, unsuccessfully however, to compel all free- 
holders of land above the value of 20/, to contribute either men or 
money towards his wars in Flanders. The first chapter of the 
statute is the most important: “No tallage or aid may be set or 
levied by us or our heirs in our kingdom without the good will 
and assent of the archbishops, bishops, counts, barons, knights, 
burgesses, and other free men of the commons of our kingdom.” 
These words, as Lord Coke says, are “plain without any scruple, 
absolute without any saving ;” and, if there could have been ect 
reliance on their operation, must have been entirely sati ry. 
But the same king Thad just violated almost the same engagements 
entered into by himself only six years before. (25 Edward L,c. 
5, 6, 7, ‘ Confirmationes Chartarum ;’ 2 Inst., 530.) 

TALLOW (French, suif ; German, falg ; Italian, sevo, sego; Russian, 
salo, toplence ; Spanish, sebo) is animal fat melted and separated from 
the membranous matter which is naturally mixed with it. When pure, 
tallow is white, and nearly tasteless; but the tallow of commerce 
usually has a yellow tinge. It is divided, according to its qualities, 
into various kinds, of which the best are used for the manufacture of 
candles, and the inferior for making soap, dressing leather, greasing 
machinery, and some other purposes. : 

A large proportion of the tallow used for making candles in this 
country is of home production. It is fitted for use by the renderer, 
who chops into pieces the fat and suet received from the butchers, and 
boils it in water, by which operation the greater part of the fat is 
melted out from the membranes, and floats to the top, whence it is 
removed by skimming. The remaining fat is subsequently squeezed 
from the membranes by a powerful press, leaving the membranous 
matter in the form of a cake or block, of a dark colour, which is called 
graves, or cracklings, and which, when macerated in warm water, 
softens and swells, and is used as food for poultry, dogs, and other 
domestic animals, The operation of ing should be performed as 
speedily as possible after the removal of the fat from the carcass, 
because the fibrous and fleshy matter mixed with it tend to promote 
putrefaction. 

Almost all our imported tallow is brought from Russia, where this 
article is produced in enormous quantities. About 250,000,000 lbs. of 
tallow are furnished annually to the rest of the world providing the chief 
supply of soap and candles to England, France, Germany, Scandinavia, 
Italy, and the other countries of Europe ; and this is all in addition to 
the quantity consumed by the Russians themselves. Nearly the 
whole of this quantity is furnished by the Pontine steppes, in the 
southern part of European Russia, The large tallow-manufactories, or 
salgans, a8 they are called, are exclusively in the hands of the natives 
of Great Russia, who buy the cattle by thousands, and, after fattening 
them for a season, drive them to the salgans to be slaughtered. The 
salgans, to which the tallow-boilers usually begin to drive their oxen in 
amall numbers towards the close of summer, generally consist of a 


spacious court-yard surrounded by the buildings necessary for the 


TALLY. 

manufacture; embracing shambles for tering the oxen, ho 
containing enormous bo! to boil down the flesh, places for salting 
the hides, and a -houses and dwellings for the workmen. In the 
summer these ishments are untenanted, except by dogs and birds 
of prey, which hover about all the year round, attracted by the nau- 
seous smell, which, however alluring to them, is diagusting to a visitor 
and distressing to the oxen. The business is generally carried on 
during the rainy season. The actual slaugh’ is performed in so 
rude afd unarlé cial a manner as to occasion mu 


needless pore iar. 
to the beasts, After the carcasses are skinned, three or four poods 
flesh are cut off from the loins and back for sale in the bazaar as 
meat, there being little fat in those parts of the body; but owing to 
the barbarous method of slaughtering, this meat is so much injured 
that none but the poor will buy it. The remainder of the carcass 
cut up, and everything, excepting the intestines, which are gi 


g 
Se 


the pigs (of which a considerable number are always kept at the salgan 
to fatten during the season), is thrown into the boilers, of which there 
are from four to six in every egy secs lanes aaeuan ta oee the 
flesh of ten or fifteen oxen. A little water is put into the boiler, to” 
revent the “soup,” as its contents are termed, from burning, The 
‘at, as it collects at the top, is skimmed off with ees star ng ab and 
before it is quite cold it is poured into the casks in w it is after- 
wards shi The first fat which comes off is the best, and is quite 
white ; while that which follows has a yellowish tinge. When Suse 


are not sufficient casks at hand, the hides of the slaughtered oxen are 


sewn up, and the tallow is poured into them. A further 
fat, but of very inferior quality, is subsequently obtained by subj 
the mash of bones and flesh to huge This tallow, 
rarely exported, is of a dark brown colour, and is used for 
wheels and for other coarse purposes, An ox in good condition 
yield from seven to igs poods (250 to 290 lbs.) of tallow, wi is 
generally worth from eleven to fifteen rubles a pood. The is 
always so greatly in demand, that the merchants often pay part of the 
price for it while the oxen are yet grazing on the ; 

The merchants of St. Petersburg divide the tallow which th 
receive from the interior into white and yellow candle-tallow, pc | 
common and Siberian soap-tallow ; the latter, which is considered the 
best tallow for soap- ng, being brought by several rivers from 
Siberia to the lake geo, oe thence to the Neva by the canal of 
Schlusselburg, An a , or warehouse, is appropriated to 
reception of the tallow on its arrival, in which it is selected 
assorted (or bracked) according to quality, after which the casks are 
marked with the quality, the date of the selection, and the name of 
the bracker or selector. The white tallow is usually brought in conical 
casks, 24 feet in diameter at the largest and 14 at the smallest end; 
but the yellow tallow is commonly in casks of the more usual shape, 
Yellow candle-tallow, when good, should be clean, dry, hard when 
broken, and of a fine yellow colour throughout. The white candle- 
tallow, when good, is white, brittle, hardpdry, and clean. The best 
white tallow is brought from Woronesch. Soap-tallow, however, is 
said to be better the more greasy and yellow it is, M‘Culloch states 
that 120 poods of tallow, gross weight (of which the cask is 
stent 10 per cent.), make a Petersburg last, and 63 poods an 

n. 


Different kinds of tallow melt and retain their fluidity at very 
different degrees of temperature; the fat which is de about the 
kidneys being, in all animals, harder than that found in the cells of the 
bones, and especially than the half-oily fat found in the muscles and 
other soft parts; while the fat of some animals is harder 
others—that of the sheep and deer, for example, congealing much* 
sooner than that of the ox or horse, According, therefore, to the 
different kinds of fat which may enter into its composition, tallow will 
be found to vary considerably in fusibility ; but 92° is the heat gene- 
rally given as its melting-point, though Aikin states that he had seen a 
boiler-full of tallow perfectly fluid at 72°, and even then not sufficiently 
cooled to be made into candles; nor was this case, he observes, con- 
sidered remarkable, “whence we may conclude that tallow, made 
into candles and exposed to the air, loses much of its fusibility.” 

The chief uses of tallow are described under CanpLE MANUFACTURE 


and Soap ManvuractTure. 
ign tallow paid an import boa 


ir 


During a long period of years, f 
1s. 6d. per cwt., and tallow from the colonies a duty of only 
These duties were repealed in 1860, among other fiscal changes made 
by Mr. Gladstone. 

The importation of tallow has now reached 160,000,000 Ibs. annually, 
ey — figures for 1860, and the countries whence imported, were 
as follow :— 


From Russia ea + 1,082,663 owts, 


» Australia fw 5 38,008 5; 
»» South America . » 146,957 ,, 
», Other countries . . 188,483 ,, 
1,430,108 ,, or, 160,172,096 Ibs, 


TALLY. This word appears to be derived from the French taille, 
or tailler, each of which expresses the idea of poten | or notching. 

The use of notched sticks or tallies may be to a very remote 
period, and there is reason to believe that they were among the earliest 
means devised for keeping accounts, Some writers 


Pel 


than that of — 


that the 


TALMUD. 


TANGENT. ig 


Greek symbolum (oéu8oAov) was in some cases a species of tally, which 
was used between ae being broken in two, and one- 
half given to each. Upon tablets of wood called avones the Athenians 
inscribed the laws of Solon; and the ancient Britons used to cut their 
eae, upon a stick, which, thus inscribed, was called 

y Beirdd, “the billet of signs of the bards,” or the Bardic 
alphabet. These sticks were commonly squared, but were sometimes 
three-sided ; each side, in either case, containing one line of writing. 
Another illustration, of later date, is the clog , described by 


Dr. Plot, in 1686, as then common in Staffordshire. Such calendars, 
A . a, d, 


, 


d.d.d, 


which had the various days marked by notches of different forms and - 
sizes, were sometimes made small enough to carry in the pocket, and 
sometimes larger, for hanging up in the house. Similar calendars are 
said to have been formerly used in Sweden. Perhaps the most curious 
of these tallies is the Saxon Reive-Pole, which, down toa recent period, 
was used in the Isle of Portland for collecting the yearly rent paid to 
the crownas lord of the manor. This rent, which amounts to 141. 14s. 3d., 
is collected by the reive, or steward, every Michaelmas; the sum which 
each person has to pay being scored upon a squared pole, a portion of 
which is represented in the subjoined cut, with figures to mark the 
a@ ddd s8.d.da,a, a. d.d.da, 
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trivance may appear, tallies were 
ui 


could produce 
the counter-tally 
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eget d ancy iweb ag undetected when the two 
the stick were fitted together. officers of the Exchequer, 
(talliers), as well as seyeral other functionaries, 


an 


oe sea ee on yt A aa 
cost them 7,000,000/, or 
and which is re-sold by them on the tally system. 
payments from their customers; and these pay- 
ee eer enwere sce fre Dons, ne 
the buyer and the other by the seller. Here the 
ments, as in the olden i 


r goods 
tall; shops, 
Pa MoD, figoare Lanovace. | 
TAMARINDS, Medical Properties of. Of the two varieties of the 
nl this genus, the fruit is much larger in the East Indian 
Indian. The shell being removed, there remains the 
seeds, in a pulp, with membranous fibres 
it. East Indies the pulp is dried, either in the 
used home consumption, or with salt added, and 

1s sen 8 
hich kind i t to Europe. (Crawfurd’ 
is sort, called natural tamarinds, is much 
the West Indian, which are called prepared 


Difho West Indian tamarinds reach maturity in June, July, and 
g collected, and the shell being removed, are 


oS 


the next one farthing, and so on.” The other side of the pole which is 
mted in the cut is appropriated to the parish of Wakem, of 

which the cross within a circle is the distinctive mark. 
The tallies used in the Exchequer (one of which is represented by 
fig. 2) answered the purpose of receipts as well as simple records of 


Exchequer Tally. 


put into jars, either with layers of sugar put between them, or boiling 
syrup poured over them, which penetrates to the bottom. Prepared 

inds, therefore, contain much more saccharine matter than 
the others, ing to Vauquelin, prepared tamarinds contain per 
cent, citric acid 9°40, tartaric acid 1°55, malic acid 0°45, bitartrate of 
potash 3°25, sugar 12°5, gum 4°7, vegetable jelly (pecten) 6°25, paren- 
chyma 34°35, water 27°55. This prepared pulp has a pleasant astrin- 
gent taste, with a somewhat vinous odour. 

It presents an example of one of those natural combinations of 
gummy, saccharine, and acid principles which are of such great utility 
in hot climates. It is used not only in India, but in Africa, as a 
cooling article of food, and the travellers across the deserts carry it 
with hens to quench their thirst. In Nubia it is allowed to stand in 
the sun till a kind of fermentation takes place: it is then formed into 
cakes, one of which dissolved in water forms a refreshing drink. In 
India a kind of sherbet is made with it, and by the addition of sugar it 
becomes a source whence vinegar is readily obtained, In the fevers and 
bilious complaints, and even dysenteries of those climates, it proves 
highly serviceable ; in small quantity it ‘acts as an astringent, but in 
larger it proves laxative. Boiling water poured over tamarinds yields 
a drink which is very grateful in the inflammatory complaints of our 
own country, particularly in the bilious fevers of autumn. An agree- 
able whey may be made with it, by boiling two ounces of tamarind- 
pulp with two pints of milk. Tamarinds may advantageously be added 
to curries, which should always have a vegetable acid as an ingredient. 
Tamarinds are frequently given along with senna, but they are said to 
lessen its purgative property. They form an ingredient in the confectio 
senne: and confectio cassie. 

In times of scarcity in India the seeds are eaten, being first toasted 
and then soaked for a few hours in water, when the dark skin comes 
easily off; they are then boiled or dried, and taste like common field- 
beans. 


TANACETIN. A bitter and crystallisable substance found in the 
flowers of the tansy (Zanacetum vulgare). 

TANGENT. In the article Conracr we have given the first notion 
on this subject, which we now resume in a somewhat more general 
manner, annexing the usual details of formule, but without proof. 

It is usual to apply the word tangent to the tangent straight line 
only, on which see Direction; generalising the definition, it will be 
as follows ;— Of all curves of a given species, or contained under one 
equation, that one (B) is the tangent to a given curve (a) at a given 
point, which passes through that given point, and is nearest to the 
curve (A): meaning that no curve of the given species can pass through 
the given point, so as to pass between (B) and (a), immediately after 
leaving the point at which the two latier intersect. 

To ascertain the of contact of two curves which meet in a 
point, proceed as follows. Let y=oa and y=wx be the equations of 
the curves, and « the abscissa at the point of contact; so that pa=ya. 
At the point whose abscissa is a+, the difference of the ordinates of 
the curves is, by Taylor’s theorem, 
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as to which it will be found that A can be taken so small that the 
series shall be convergent. Now of two series of the form ah™ +n" *! 
+ .... the value of that in which m is the ter will diminish with- 
out limit as compared with the other, w A diminishes without 
limit. Consequently, every curve y=¥x, which has Ya=q’a, will 
approach, before the point of contact is attained, nearer to y= ox than 
any other in which ya is not =@'a, Again, when ¢’a=Wa, those 
cases of y=¥x in which ¥“a=9"a, will approach nearer to y= or than 
any in which ¢"a is not =¥"a; and so on. Hence, to make y= Wr 


have the closest possible contact with y=gx when x=a ;—give such | of 


values to the constants in y= yar as satisfy as many as possible of 
the equations ¢a=¥a, ¢'a=Va, p’a=V'a, &e. consecutively from the 
beginning. This is a brief sketch, which can be filled up from any 
elementary work; and the following are the principal results :-— 

1. When the string of equations is satisfied up to ¢"a=ya, the 
contact is said to be of the nth order. 

2. In contact of the nth order, the deflection ¢(a+h)—¥(a+h) 
diminishes with &*+', and vanishes in a finite ratio to it. 

3. In contact of an even order, the curves intersect at the point of 
contact; in contact of an odd order, they do not intersect at that 

int. 
i29 When curves have a contact of the nth order, no curve, having 
with either a contact of an order inferior to the nth at the same point, 
can pass between the two. 

5. A straight line, generally speaking, can have only a contact of the 
first order with a curve; and the equation to the tangent straight line 
of the curve y=, when x=a, is y—ga=¢’a(x—a). But if it should 
happen that ¢’a=0, ¢”a=0, &c., up to ¢'")a=0, then for that point 
the t has a contact of the nth order. Thus, at a point of con- 
trary flexure the tangent has a contact of the second order, at least, 
with the curve. 

6. Acircle, generally speaking, can be made to have a contact of the 
second order with a curve, and the equation of the most tangent circle, 
or circle of CurRvATURE, to the curve y=, at the point x=a, is 
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This circle cuts the curve, generally speaking : if not, as for example, 
at the vertices of an ellipse, it is evidence that the circle has a contact 
of some higher and odd order. The centre of the circle of curvature is 
a point on the normal, being that at which the normal touches the 
evolute. [InvovuTe anp Evotvte.] 

Not only is the term tangent most generally applied to the closest 
straight line only, but frequently only to that portion of the straight 
line which falls between the point of contact and the axis of z, Again, 
the normal is a straight line perpendicular to the tangent, drawn 
through the point of contact : but this term also is frequently applied 
only to that portion which falls between the point of contact ps the 
axis of z, It is with reference to this limitation that the terms sub- 
tangent and subnormal are to be understood : the first meaning the 
distance from the foot of the tangent to the foot of the ordinate; 
the second that from the foot of the ordinate to that of the normal. 
The formula for the subtangent is —ga+q’a ; that for the subnormal 
gax¢’a. The sign determining the mode of taking the line from the 
foot of the ordinate. 

Let 8 be the angle made by the tangent with the axis of x; usually 
the angle made by that part of the tangent which has positive ordinates 
with the positive side of the axis of x, Then 8, at the point whose 
abscissa is x, is determined by the equation 


d d. d 
tan p=5 ; and subtangent = ay subnormal=y5”. 


If we take the more general mode of measurement proposed in Straw, 
this equation remains equally true. Now, keeping strictly to that 
mode, let 8 be the angle made by the tangent with the axis of z, @ the 
angle made by the radius vector r with the axis of x, and » that made 
by the tangent with the radius vector. It will be found, then, that 
in all cases m 

8 


u=B—O , tan w=r7-. 


Unless the mode of attributing signs be carefully attended to, these 
last equations, though always considered as universally true, are not 


80 in reality. 

TANGUIN. A poisonous crystalline bitter substance found in the 
Tanghin of Madagascar (Cerbera Tanghin). Its composition is not 
known, but it appears to contain no nitrogen. [Cerpera TANGHIN, in 
Nat. Hist. Drv. 

TANK. The sense usually attached to this word, in England, is that 
of a rather large vessel, for holding water or other liquids, either 
placed above or below the ground ; in India, the word is applied to the 
receptacles formed for the of storing rain-water, some of 
which have an area of 364 (Dilwara) or 437 acres (Kalingur), with 
enclosure dykes of 38 feet in height. 

Tanks intended to hold rain-water collected from houses, or the 
drainage water of farm yards in agricultural districts, are rarely made 


is effected in many vi 118 
be mentioned, For See te ae 
Normandy the rain water tanks are sunk 
chalk, as the case may be, and they are made of sufficient 
to allow of the formation of a subsidiary lateral chamber, shut 
from the body of the tank bya cress 
through which the water from the larger chamber filters into the sub- 
sidiary one; the suction pipe being placed in thé latter, and the inlet 
pipes in the les chamber. The rain 
tank is used in Venice, and it is formed by firstly making a large water- 
tight enclosure, circular 


gravel, &c., through which the water passes 
of holes made in the lower ion of 
accumulates in this species 
means of buckets. It must, however, always 
waters so stored are not of a proper quality for human 
and that they should be exclusively applied to washing, or to analogous 
household purposes. 

The large vessels used for storing oils, or for the various 
of manufacturing cheenistereere made of iron, wood lined with lead, 
of zinc, or of other i 
be contained. The principles of their construction are derived from 
the ordinary laws of Hyprostatics. 

As to the Indian catch-water tanks it may be observed that theyare __ 
in fact Reservorrs, and the remarks made under that head will 
to them. Generally speaking the tanks in question are 
used for irrigation, and their dams are formed of earth-work 
towards the up stream with stone, either laid dry, or 
They are provided with overflow dams, escape weirs, sluices, 
the ordinary appliances of reservoirs; and they would appear to have 
been constructed upon the same principles at the 
they were in the remotest antiquity. i 
ject is to be found in General Baird Smith’s works on ‘ Irrigation,’ and 
in the ‘ Selections from the Records of the Bombay ; 
in the ‘Selections from Public Correspondence, published by 
Pen. of oe sie Hast India Company. 

gricultural are sometimes large open receptacles, or ponds, _ 
formed by excavating the ground and disposing the removed earthin 
the form of banks to retain the water; but the tanks which will ie: 
be especially treated of are the smaller covered reservoirs used to 
collect and retain liquid manure. , 

These tanks are usually constructed of an oblong shape, of brick well 
cemented, with one or more divisions, and capable inin 


farm. They are vaulted over, having a small in 5 
pump is placed, sufficient to allow a man i to clear out the 
sediment, when the liquid has been pumped up. form preferred 


Atank 
ae w iotae of id marge ee —_ land should be 15 feet wide, 1 
and 45 long, cubes of 15 feet, or a cavity capable of containing 
upwards of atin) cubic feet of liquid. Tn dis tank: toeleae 

diluted with water to prevent too rapid decomposition, and also 


pa of copper are sometimes put into the 
soi i 
it may be advantageous to build the walls in cement al i 
liquid from the yards and stables is carried ao i, 
drain constructed of brick or stone, and which receives 
smaller drains from every part of the yards and 
the litter in the yard is always dry, and none of the richness of 
manure is lost by evaporation. : 
Sometimes the tank is vaulted like a cellar under the 
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sluice is then shut, and 
and when that is full, into a 


water-carts. When properly diluted, it accelerates vegetation in 
surprising degree; but if put on fresh, it burns the grass or any veget- 
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in rainy weather, the spot soon becomes very green, and the grass 
luxuriant ; because, in this case, the urine is amply diluted and its 


is a water-cart, that is, a large cask put upon wheels to bring water 
from some distance. When there are no means of bringing water in 
pipes, a water-cart is quite indispensable. It is simply a cask placed 
on the frame of a cart, with a plug-hole in the end or lower part, from 
which the water may be let out by a cock, or drop on a flat board or 
into a bucket with holes, so as to spread it about. The plug-hole is 
shut by a valve inside, which can be opened 
_ pressure of the liquid keeping it close to the plug-hole. 
: Many ificial 


ile substances are taken up by the water. The soluble ‘portions 

are dissolved and the earthy matters diffused, so as to be more equally 
spread over the land. 

When a farm-yard is situated on a hill, and there are fields or 

on a lower level, at no great distance from it, the liquid from 


It may be led into the common furrows between the 
in ploughed land, and allowed to soak in them, 
be spread with the earth of the furrow, by means of 
over the growing crops, and will greatly invigorate 


Hitherto the experience in this country of liquid-manure tanks is of 
limited extent, but the general impression is growing, that by covered 
yards and box-feeding the litter may so absorb all the urine and excre- 
_ ment of the animals, that tanks will be unnecessary. 

__ TANNIC ACID, TANNIN. One or other of these bodies is 

found, to a greater or less extent, in most vegetable substances. The 
name tannin is derived from the fact that it is the only active constitu- 
ent in the various barks, &c., used in the familiar operation of making 
leather, or tanning. 

Tannin is an acid body ; and inasmuch as researches upon the tannin 
obtained from various sources have proved that it is not in all cases 
identical, but that several modifications exist, the names gallotannic 
acid (from nut-galls), cajfotannic acid (from coffee), quinotannic acid 
_ (from cinchona bark), quercitannic acid (from oak-bark), &c., have been 
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are red 

which has been previously mixed 
ec one eee re shcate of Higa appene ; the hearice 
_ is a strong solution of tannic acid, by evaporating which, the acid is 
obtained, as a colourless or slightly yellowish friable mass, which does 


gallotannic acid thus obtained is readily soluble in water: the 
solution has an astringent but not a bitter taste : it reddens vegetable 
i with effervescence ; weak 


=| 


_ Gallotannic acid precipitates gelatin from solution ; the compound has 
been called tannogelatin, and when the acid is in excess a viscid elastic 
mass is formed, which contains about half its es 
When the liquid from which the gelatin is precipi is heated 
the tannogelatin is re-dissolved. Gallotannic acid also 
albumen and starch. Boiled with dilute sulphuric or 
acids, gallotannic acid splits up into gallic acid and 
otannic acid consists of C,,H,,0,,. 
ines with the alkalies to form salts, which are 
gallotannates, and it precipitates most metallic oxides and organic 
ic acid is added to them ; but by exposure 
formed. Gallotannate of 
e 
of writing-ink, and is a black pulverulent 


t precipi 
_ Gallamic or tanninyenamic acid (C,,H,NO, +3 Aq) is a product of the 
action of ammonia on gallotannic acid. It crystallises from alcohol in 


beautiful rectangular 
Tannomelanic acid is a dark ulmin-like substance formed when 
acid is boiled with a concentrated solution of ina 
be dilute, a portion of the acid is 


to the air. If the 
i constitution of these acids has not 
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Sumach-tannic acid, from various species of sumach, is identical with 
gallotannic acid. 

Cachoutannic acid or mimotannic acid. Obtained from the well-known 
astringent substances Kino and Carrcuu by the displacement process 
previously described. It differs from gallotannic acid in not giving a 
precipitate with solution of tartar emetic, and in giving with persalts 
of iron a grayish-green precipitate. Moreover, it does not yield pyro- 
gallic acid when heated. Its composition is said to be C,,H,,0,,. In 
other respects it resembles gallotannic acid. 

Tanningenic or catechucic acid, called also catechin (C,>H,,0,?), is 
another tannic acid contained in catechu. It is part of the insoluble 
portion which is left on digesting catechu in cold water. It may be 
dissolved in boiling water, and decolorised by animal charcoal: on 
cooling, it deposits in colourless granular crystals. It is tolerably 
soluble in alcohul ; iesssoin ether. Heated to 422° Fahr., it fuses, and 


at a higher tempera’ 


ture is decomposed, yielding pyrocatechin or owy- 
phenic acid (C,.H,O,). Dilute acids dissolve it; concentrated acids 
decom it; hot nitric acid converts it into oxalic acid. It does not 
form definite compounds with bases; gives a deep green colour to per- 
salts of iron, but precipitates neither lime-water, baryta-water, tartar- 
emetic, starch, gelatin, or the alkaloids. 

Rufocatechucie acid or rubinic acid is a red, amorphous, flocculent 
precipitate, slowly deposited from a solution of tanningenic acid in an 
alkaline carbonate. i ohatiin red slightly soluble salts with bases. 

Japonic acid is a black substance formed on exposing to the air a 
solution of tanningenic acid in caustic potash. It is insoluble in cold 
water, and gives black precipitates with most of the metals. 

Caffotannic, cafeit, or chloroginic acid (C,,H,,40,, ?), occurs in coffee 
berries as a double salt of potash and caffeine, and combined also with 
lime and magnesia. It may be precipitated by subacetate of lead from 
an alcoholic infusion to which water has been added to separate 
resinous matter. The lead precipitate suspended in water and treated 
with sulphuretted hydrogen, and the filtrate evaporated, yields a semi- 
crystalline mass of caffotannic acid. It is very soluble in water, less so 
in alcohol, has an astringent taste, and strongly reddens litmus-paper. 
By heat it gives oxyphenic acid and an odour of burnt coffee; and by 

istillation with peroxide of manganese and sulphuric acid, yields 
kinone. It does not act upon ferrous salts, but to the ferric salts a 
green colour is imparted. It does not precipitate tartar emetic or 
gelatine, but throws down quinine and cinchonine from solutions. 
The caffotannates have been but little studied. If the above formula 
be correct, caffotannic acid is obviously a homologue of gallotannic 
acid, the difference being eight equivalents of C,H,. 

Viridie acid (C,,H,,0,,?) is a product of the oxidation of caffotannic 
acid in the presence-of ammonia. It is precipitable by subacetate of 
lead, and gives me green solutions with the alkalies. 

Morintannic acid, from yellow wood or fustic (Morus tinctoria), This 
acid often forms considerable deposits in the logs.of fustic, and after 
being purified by crystallisation from water is obtained in minute 
prisms. It has a sweetish and yet astringent taste; is soluble in 
alcohol, ether, and wood spirit, but insoluble in turpentine and the 
fixed oils. By distillation it yields phenic and oxyphenic acids and 
much ¢ The morintannates have not received much attention. 
The solution of the acid in potash absorbs oxygen from the air, 
blackens, and moroxylic acid is probably formed. 

Rujimoric acid is deposited in crystalline grains on exposing to the 
air a solution of morintannic acid in sulphuric acid ; or on boiling the 
same acid with dilute hydrochloric acid. When dry it forms a deep 
red amorphous powder, very soluble in alcohol, less so in water, and 
only slightly so in ether. It is very soluble in a weak solution of 
ammonia, and the liquid has a dark purplish colour. In composition 
it differs but slightly ‘tran morintannic acid, but both bodies require 
farther investigation. . e 

Moric acid, or morin (C,,H,,0,,+2Aq.), as a lime salt, is deposited 
on cooling an infusion of fustic. Liberated by oxalic acid in a boiling 
alcoholic solution and precipitated by water, it occurs as a white crys- 
talline powder that’ becomes slightly coloured on exposure to the air. 
It is ost insoluble in cold water, only slightly soluble in boiling 
water, and very soluble in alcohol or ether. 

Quercitannic acid. This is the variety of tannic acid contained in 
oak bark. According to Stenhouse it differs considerably from that of 
oak galls (gallotannic acid). It cannot be made to yield gallic acid, nor 
does it give pyrogallic acid by dry distillation. In other respects it 
resembles pi am acid, 

The tannic acid (boheic acid) contained in black tea (Thea bohea) ap- 
pears to be identical with that of oak bark. ee 

Cinchotannic, kino- or quino-tannic acid, occurs, along with kinic acid, 
combined with alkaloids in the cinchona barks. It resembles gallo- 
tannic acid in precipitating tin, starch, and albumen from their 
solutions; with tartar-emetic it gives a grayish-yellow precipitate, and 
colours persalts of iron green. Its solution absorbs oxygen from the 
air, especially if it be alkaline, and a deep red coloured body termed 
red cinchone is formed. By dry distillation the latter body furnishes 


Other tannic acids. Astringent principles, termed tannic acids, have 
been found in plants other than those above described. The following 
are the names and sources of these acids, but their individuality has 
yet to be established, Aspertannic acid, from the Asperula odorata, or 
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Woodruff; Rubitennic acid, from the leayes of the Madder t ; 
Callutannic acid, in the common Heather; Rhodotannic acid, in the 
Rhododendron leaf; Leditannic acid, in the wild Rosemary ; and Pini- 
tannic acid, in the bark of various Pines, ic acid has been 
referred to this article on tannic acids; it is, however, a derivative of 
gallic acid, and is the cause of the deep blue coloration imparted to an 
aqueous solution of gallic acid, containing bicarbonate of lime, on 

re to the air: acids change it to red, but lime restores its blue 

jour. 

Estimation of tannic acids. The amount of actual tanning material 
contained in a bark, &c., is often required to be known by the tanner, 
At present the only practical means of doing this, is to add a standard 
solution of to the decoction of a small quantity (10 to 50 grains) 
of the substance until no further precipitate of tannate of 

tin is thrown down. The solution of tin is standarised by a 

wn quantity of pure gallotannic acid; the amount of it required to 

pitate the acid in the specimen under examinati an, Se eae Se 
the tanning value of that sample. It is a question, however, 
whether in in solution 
skin does in the tan-pit; if it does, the process may be relied on, and it 
is certainly fair to assume that it does, inasmuch as skin is nearly all 


gelatinoid matter. 
The following table indicates the amount of tannic acid in the chief 


varieties of ing material. Not only do different substances differ 
much in cag Sonera | they contain, but the same plant is much in-' 
fluenced by , Soil, and age. 
Per cent. Authority. 
Oak bark, 100 years old . : - 845 G, Muller, 
ie young . ‘ . + » 18°87 
+» _- British, 50 years old . 8°90 
* » ‘bout 50 years old 9°76 
” ” » 70 yearsold 6°12 
a Southampton, 50 years , 8°50 >Mulligan and Dowling. 
” coppice, picked ° + 12°35 
” . . » 8°34 
” » heavy . « 10°74 
” ” light . . 8°52 
. an old specimen ‘ . 9°00 
” . ° 19°00 to 21°00 
Gall nuts . . + 80°00 to 83°00 >Fehling, 
Aleppo galls ‘ ; 60°00 to 66°00 
Chinese galls . . . . + 70°00 
White inner bark of old oak + 21°00 Gassincourt. 
” ” » . » 14°20 
Oak, young . . , ° « » 15°20 
a ae bark ‘ 400 
sp! out. > o « 22°00 
the entixe Bark  .  . 6:00 7 3 Davy. 
Willow bark, Leicester, white inner . 16°00 
- » middle . . 8°10 
es “4 entire bark . 6°80 
» ’ : . : + 395 Mulligan and Dowling. 
weeping . . + « 16°40 Gassincourt, 
Eschurgh oak bark . . + « 19°35 
Mimosa or Wattell bark . |. . 81°16 Jo. rs esa 
* ” . + «17°97 Mulligan and Dowling, 
Larch bark =. 3. 38. « «» 1°60. Sir H. Davy. 
. . ‘ ° e » 861 
Cork-tree bark. ©. . 5 nd6 
Hemlock bark . . . - « 13°92 
Smyrna valonia ; é @ . 34°78 Mulligan and Dowling. 
Myrobalans > é + « 20°91 
Divi-divi . » 29°80 
. . ; . + 49°25 
Shumac . s 5 1905 5% Same. 
» Palermo . + 24°37 Mulligan and Dowling, 
» ” . . . 16°20 Sir H, Davy. 
ie ace 4 . ° ‘ + . 10°40 Frank, 
+» Caro <P Saat | 
Le Cadet de Gassincourt, 
a, Pegu, brown . . 4 46°88 : 
1» Bombay, light . + 26-99 f Mulligan and Dowling, 
” ” . . . + 55°00 A 
» Bengal... |g 44-00 5 Sit H Davy. 
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TANNIN, PURE, on Td eis 

or IC ACID, Medical P i 
This mubstatice in combination with extractive has been long 
under the name . th principle 
a , nt voetblon, recognised as the active 

are anes in ; ng 
otherwise, it was conjectured that the principle would be 
more eficacious than when in state of counbination. | A en 


y, 
uterus and the bronchial tubes. To effect good it requires to 
given for several days in small doses, It is with difficulty absorbed 
into the circulation, being with great reluctance taken up by the 
lacteals, and produ very great constipation, from ita direct astrin- 
gent action over the intestinal canal, with which it is brought into 


of. 


gp oe the whole of the matters that | i 


contact, Tannic acid has been recommended in cases of incurable 


= rf ion of iron or chalybeate water is taken. 
ING, (Learer Manvracture.] 
CoLuMBIUM. 


i 


as early as 1025. Nor was 


France at this period. 
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other erections required at tournaments. Rich embroidery was also 
much employed in the decorations of the horses and men who formed 
the actors in those chivalric amusements; and the brilliant, though 
often grotesque devices of heraldry, which formed so important a part 
of the display upon such occasions, afforded extensiye employment to 
the workers of tapestry and other ornamented tissues. 

The art of making tapestry, for which the Flemings had been cele- 
brated from the 12th century, made considerable progress in Flanders 
in the 14th century, and attained its highest perfection there in the 

_ 15th. ‘Tapestry manufactories were early established at Brussels, 
_ Antwerp, Oudenarde, Lisle, Tournay, Bruges, and Valenciennes; but 
that of Arras was more celebrated than any other, and its productions 
were so highly prized, that the name arras became a common expres- 
sion for the finest tapestry generally, whether made in that place or 
_ elsewhere. The hangings of Arras, as well as those of other manu- 
_, factories in France, were for the most part executed in wool. Hemp 
: and cotton were also used in them, but no silk or gold thread. The 
__, fabrication of tapestries formed of these substances was carried on 
_ “chiefly at Florence and at Venice. The recollection of this difference 
i t in discovering where old tapestries were made. The 
designs included not only scenes from ancient history, from the fabulous 
stories of heroes, and from modern historical events; but hunts, 
fantastical animals, or the occupations peculiar to the different seasons 
_ ofthe year; while romantic and chivalric poems afforded a rich store 
_ of subjects for illustration. The 16th century, which was an age of 
general improvement in France, gave a new impulse to the production 
_ oftapestry. Francis I. founded the manufactures of Fontainebleau, in 
which threads of gold and silver were skilfully introduced into the 
work. It was, we are neess with this new impulse that the 
practice was commenced of weaving tapestry in a single piece, instead 
of composing it, as before, of several smaller pieces joined together. 
_ This prince brought Primaticcio from Italy, and, among other works 
of art, commissioned him to make designs for several tapestries, which 
were woven at Fontainebleau. He also en Flemish workmen, 
ied with silk, wool, and other materials, and paid 
liberally for their labour. Henry II. established a manufacture of 
on the premises of the Hopital de la Trinité, which attained 
its hi celebrity in the reign of Henry IV,, and produced many 
_ fine tapestries. Henry IV. re-established, in 1597, the manufacture of 
tapestry at Paris, where it had been interrupted by the disorders of 
the preceding rei The establishment i , if it did not 
_ become quite extinct, after the death of Henry IV.; but when the 
royal palaces, ially the Louvre and the Tuileries, were receiving 
their rich decorations, in the reign of Louis XIV., his minister Col- 
bert revived it, and from that time the celebrated royal tapestry- 
of the Gobelins dates its origin. ° 
The uction of ta at the Gobelins is said to have attained 
_ the highest perfection in the time of the minister Colbert and his 
_ suecessor M, de Louvois. Le Brun, when chief director of the esta- 
_ made many designs for working after; and M. de Louvois 
eased to be made from some of the finest designs of Raffaelle, 
Julio Romano, and other Italian painters. The manufacture declined 
r at the Revolution, but was revived under the government of 
apoleon, and has ever since been carried on successfully, though not 
the same extent as formerly. In England the art was practised 
from a very early date, the ladies of the Anglo-Saxon period being 
_ especially famous for their needle, and the Saxon chroniclers having 
nn ace references to the rich hangings wrought by them. It was 
probably owing to the expense of such hangings, when of large size, 
and the very long time required for their production, that the less 
_ eomfortable device of painting the walls of chambers was extensively 
d in the early Norman period. 
. mentions a “ tapiser,” in company with a “ webbe” and a 
_ dyer,” among his Canterbury pilgrims; from which circumstance it 
_ tay be presumed that the business was not a v uncommon one 
towards the close of the 14th century. In the 15th century the use 
of tapestry greatly extended in England ; but then, and for long after, 
jhe principal supply appears to have been from the Continent. In the 
h century a kind of ing was introduced which holds a place 
diate between painted walls and woven or embroidered tapestry. 
e alludes to these hangings under the name of “ painted 
pths.” Seealso the admirable description of the rich ta) common 
the Elizabethan period, by Spenser, in his ‘ Faérie Queene,’ book 
ii., canto ix. The introduction of ta -weaving into England is 
f attributed to a gentleman named Sheldon, late in the reign of 
; VIL, though it was known, if not commonly practised, much 
' ier. James I. endeavoured to revive the manufacture of tapestry, 
hich had by his time considerably declined, by encouraging and 
cay. bag the formation, about 1619, of an establishment at Mortlake, 
un ent of Sir Francis Crane. James L. gave 2000/. 
$0 the formation of this establishment, which to have 
____ been originally supplied with designs from abroad, but subsequently 
2. artist.named Francis Cleyne, or Klein, a native of Rostock, in 
duchy of Mecklenburg, who was engaged for the purpose. This 
was a favourite hobby both with James and his successor, 
who Cleyne so favourably that he bestowed upon hin, in 
625, an niga of 1001, (Rymer’s ‘ Foedera,’ vol. xviii., p. 112), which 
enjoyed until the civil war. In the same year Charles I. granted 


20007. a year for ten years to Sir Francis Crane, in lieu of an annual 
payment of 10007. which he had previously covenanted to pay for that 
term, as the grant recites, “towards the furtherance, nett a. and 
maintenance of the worke of tapestries, latelie brought into this our 
kingdome by the said Sir Francis Crane, and now by him and his work- 
men practised and put in use at Mortlake, in our countie of Surrey ;” 
and of a further sum of 6000/. due to the establishment for three suits 
of gold tapestries. (‘ Foedera,’ vol. xviii., p. 60.) After the death of 
Sir Francis Crane, his brother, Sir Richard, sold the premises to the 
king, and during'the civil war they were seized as royal property. It 
was for the use of this establishment that Charles I. purchased the 
famous Cartoons of Raffaelle. [Carroons.] After the Restoration, 
Charles Il. endeavoured to revive the manufacture, and employed. 
Verrio to make designs for it, but. the attempt was unsuccessful. 
During its period of prosperity, this manufacture produced superb 
hangings, after the designs of celebrated painters, with which the 
palaces of Windsor Castle, Hampton Court, Whitehall, St. James's, 
Nonsuch, Greenwich, &c., and many of the mansions of the nobility, 
were adorned. An act of parliament was passed in 1663 to encourage 
the linen and tapestry manufactures of England, and to. restrain the 
great importation of foreign linen and tapestry. 

In the primitive method of working tapestry with the needle, the 
wool was usually applied to a kind of canvas, and the effect produced 
was coarse and defective; but some finer kinds were embroidered upon 
a silken fabric. The process of weaving by the loom, after the manner 
known as the haute lisse, or high warp, was practised in the tapestries 
of Flanders (and according to Walpole and Jubinal, in those of England _ 
also), as early as the 14th and 15th esnturies; the only essential 
difference between these and the productions of modern times being 
the comparative size of the pieces woven in the loom. The weaving of 
tapestry, both by the haute lisse and the basse lisse, appears to be of 
Oriental invention: the difference between the two methods may be_ 
thus briefly described. In the haute lisse the loom or frame with the 
warp-threads, is placed in a perpendicular position, and the weaver 
works standing; while in the basse lisse the frame with the warp is 
laid horizontally, and the weaver works in a sitting position. In weaving 
with the basse lisse, now seldom, if ever, employed, the design to be 
copied is laid beneath the threads of the warp, which are stretched in a 
manner resembling that of common weaving, the pattern being sup- 
ported by a number of transverse thiteads stretched beneath it. The 
weaver, sitting before the loom, and leaning over the beam, carefully 
separates the threads of the warp with his fingers, so that he may see 
his pattern between them. He’'then takes in his other hand a kind of 
shuttle, called a fate, charged with silk or wool of the colour required, 
and passes it between the threads, after separating them in the usual 
way by means of treddles worked by the feet. [Wxavine.] The 
thread of woof or shoot thus inserted is finally driven close up to the 
finished portion of the work by means of a reed or comb formed of 
box-wood or ivory, the teeth of which are inserted between the 
threads of the warp. In this process the face of the tapestry is down- 
wards, so that the weaver cannot examine his work until the piece is 
completed and removed from the loom. The haute lisse loom, which 
is differently worked, consists of two upright side-pieces, with large 
rollers placed horizontally between them. The threads of the warp, 
which usually consist of twisted wool, are wound round the upper 
roller, and the finished web is coiled round the lower one, The 
design to be copied is placed perpendicularly behind the back or 
wrong side of the warp, and then the principal outlines of the pattern 
are drawn upon the front of the warp, the threads of which are 
sufficiently open to allow the artist to see the design between them. 
The cartoon is then removed so far back from the warp that the 
weaver may place himself between them with his back towards the 
former, so that he must turn round whenever he wishes to look at it. 
Attached to the upright side pieces of the frame are contrivances for 
separating the threads of the warp, so as to allow the fate, or broach, 
which carries the woof, to pass between them. Like the weaver with 
the basse lisse, the operator works, as it were, blindfold ; but by walk- 
ing round to the front of the loom he may see the progress of his 
work, and may adjust any threads which have not been forced into 
their right position by the reed or comb, with a large needle, called an 
aiguille & presser. The process of working with the haute lisse is 
much slower than the other, and is, indeed, almost as slow as that of 
working with the needle. 

It may be desirable in this place to say a few words concerning two 
varieties of carpet and rug-work, which, though not really tapestry, 
bear a certain resemblance to it, and are termed Patent Tapestry and 
Wool Mosaic. 

The Patent Tapestry and Velvet-Pile Carpet, invented by Mr. 
Alexander Whytock, of Edinburgh, was intended to supersede the 
ordinary Brussels carpeting, and has to some extent had that effect. 
The peculiarity of this manufacture lies in the unlimited number of 
shades and colours that can be introduced; insomuch that the most 
elaborately-coloured designs, with flowers and scrolls, can be executed. 
There is also a very considerable saving of worsted, as compared with 
the older The appearance is nearly similar to that of 
Brussels carpet, but the manufacture is more simple, each thread being 
coloured separately, at spaces, with the various shades as they follow 
each other in the design. The means by which this process is accom- 
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plished is simple and beautiful ; but much care is required in placing 
and arranging the threads, and putting them on the beam. There 
being « heavy preparatory outlay incurred, each pattern must have a 
large sale to defray the cost. In the article Carrer Maxvuracture, 
certain descriptive details will be met with, which will serve to show 
how parti-coloured warps may be introduced to produce some such 
effect as is here denoted ; the exact apparatus and processes need not 
be described here. 

The Wool Mosaic, patented and manufactured by Messrs. Crossley, 
of Halifax, is an exceedingly curious production, involving no weavi 
process whatever. It may be called a velvet tapestry effect, produ 
by mosaic means, Artistic are pre for this, of a higher 
order than is usual in rugs. The design on paper is ruled 
over in small squares, like a Berlin pattern; the size of the squares 
having a definite relation to the thickness of the woollen threads to be 
used. This design is re-copied upon ruled by girls, each of whom 
executes a portion of about a foot square. ese papers then go into 
the Woollen threads have previously been dyed to an almost 
infinite variety of colours, tints, and shades; for sometimes there are 
as many as @ hundred different varieties introduced in one mug: A 
woman, especially skilled in this art, selects from a classified list all the 
colours that will be needed, taking one thread for every single square 
throughout the pattern. These threads are then brought together 
by means of a very remarkable apparatus. Every thread is stretched 
out horizontally to a length of about 17 feet, and is kept tight by a) 
pull or force of about 4 lbs. One square foot of rug-work consists of 
about 50,000 threads, corresponding to that number of squares in the 
paper pattern. The force applied to the whole thus amounts to 
200,000 lbs. ; and hence the iron frame-work requires to be very strong. 
Girls, under the supervision of the mistress, are employed to stretch 
these threads, guided in so doing by bars and perforated plates. Thus 
they continue until a dense mass of worsted has been arranged, 17 feet 
long, 1 foot broad, and 1 foot deep. An ordinary hearth-rug, 6 feet by 2, 
requires 12 of these masses to complete the pattern, or 600,000 threads 
in all; equal to 10,200,000 feet, or nearly 2000 miles of worsted thread. 
This enormous quantity is made up into about a thousand rugs, all 
exactly alike, in the following way. The masses are firmly bound up, 
and cut into portions of convenient length. They are then arranged 
with the 600,000 threads vertical, all according to the proper pattern. 
A slice is cut off from the top, to®render the upper surface quite level, 
by means of a large circular cutter revolving horizontally with great 
rapidity. The suriace is coated with a hot solution of india rubber and 
camphine, then dried, then coated agaifi, and so on two or three times. 
A backing, formed of canvas, is laid on with a strong cement of 
caoutchouc solution ;-and a little rubbing or scraping es it adhere 
very firmly to the worsted. The circular cutter then severs a layer 
# of an inch in thickness, which, by further processes, becomes appli- 
cable as rug, carpet, hanging, curtain, or tapestry. The mass of threads 
is thus cut away about a thousand times, producing this number of 
repetitions of the pattern. Copies of elaborate pictures may thus be 
obtained. The process does not become commercially successful unless 
there is a large sale for each pattern. 

TAPIO’CA, a fari us substance, pi in South America 
from two species of Janipha, Manihot utilissima, or the bitter, and 
Manihot Aipi, the sweet, Cassada or Manioc plants. The chief dis- 
tinction between them is that a “ tough ligneous fibre or cord runs 
through the heart of the sweet Cassava root, of which the bitter is 
destitute.” Though the bitter contains a highly acrid and poisonous | 
juice, from which the sweet is exempt, yet the bitter is cultivated 
almost to the entire exclusion of the other, which is probably owing 
to the greater facility with which it can be ground or rasped into flour, 
owing to the absence of the ligneous centre. The poisonous eres el 
of the bitter manioc is thought to be of the nature of hydrocyanic 
acid. It is easily dissipated or decomposed by heat or fermentation ; 
hence the flour becomes perfectly wholesome in the process of bakin, 
the cassava bread. The juice, after expression, may be insp 
by long boiling, or formed into a soup, with flesh and spices, called 
cassarepo, said to be powerfully antiseptic. By means of molasses it 
can be fermented and converted into intoxicating drink, 

The fecula, or flour, after the juice has been carefully expressed, 
having been washed, and dried in the air without heat, is termed 
mouchaco in Brazil, moussache in the Antilles, and cypipa in Ca 2, 
This constitutes the Brazilian arrow-root of English commerce. When 
this fecula is prepared y drying on hot plates, it becomes granular, 
and is called tapioca, It occurs in irregular lumps or ns, and is 
partially soluble in cold water. The granules, diffused through water, 
and examined by the microscope, are of great uniformity of size, and 
amaller than those of arrow-root from the Marantas. Tapioca is very 
nutritious and easy of digestion, being free from all stimulating 
qualities. It is therefore very necessary to distinguish it from an 
artificial oca made with gum and potato starch, which is in larger 
granules, whiter, more easily broken, and more soluble in cold water 
than the genuine. 

TAPPING, or Paracentésis (in Surgery), is the operation usually 
employed for the removal of fluid from any of the serous cavities of 
the body in which it has collected in a rous quantity. It is 

, ed by means of an instrument called a trocar, and a tube, or 
in which it exactly fits, The trocar is of steel, cylindrical 


— 


through the chief of its length, and terminated 


by a three-sided 
pyramid which ends in a t. The canula being placed 
upon its shaft, the trocar is the cavity containing the fluid, 
and being then withdrawn the canula, the latter is retained in 
the aperture till all the fluid metre, red The diseases for which 
tapping is chiefly performed are ascites, yh and, 
occasi , hydrocephalus, and effusions of fluid on the um. 


TAR. To give a concise definition of this familiar substance is 
difficult inasmuch as it varies in colour, composition, and consistence, 
and is derived equally from the animal, vegetable, and mineral 
kingdoms, From the colourless oil-like Narpursa, on the one hand, to 
the hard, black, resin-like Brromen, or pitch, on the other, we have 
mixtures of the two, containing more or less of either, and to which 
the term tar is applied. 

Tar, then, is a coloured oleo-resin. Deposits of it are frequently met 
with in nature, rarely however, in large quantities. The most 
tant basins of it are found in Burmah, ially at Rangoon, Wells, 
about sixty feet deep, are sunk in the and from their walls oozes 
out the tar and collects at the bottom ; it has a brownish green colour, 
@ goose-grease consistence, and is a mixture of several well-defined 
matters that will be referred to presently, Names, other than tar, 


have been given to this naturall oleo-resin. Thus, we have 
rock-oil or , black naphtha, liquide pitch, liquid bitumen, fluid 


asphalt, and mineral tar. 
But the vegetable kingdom is also a source of tar; indeed, it is the 
most important one, wood and coal are the members which yield 
it. In commerce we meet with wood-tar in barrels holding about 
thirty gallons. Under the name of Stockholm tar it is imported from 
Russia, Sweden, Norway, Denmark and other northern parts of 
Europe ; while that from the States of the New World is distinguished 
as American tar. The wood, especially that of the root, of is the 
kind most profitably used in the production of tar; and it is subjected 
toa crude yet effective process of destructive distillation. A large 
neatly-trimmed hole of conical shape is made ina bank, hill-side or 
other sloping und, and into this is lowered a similarly shaped 
bundle of pine-billets. The wood being kindled the whole is covered 
with turf. Slow partial combustion now goes on, the resin naturally 
existing in the wood melts, is slightly decomposed and darkened in 
colour by the heat, and flowing down to the bottom of the hole is 
there received in an iron dish having a long tubular spout which 
conveys it a few feet through the ground to the mouth of the barrel ; 
the latter being placed for its reception in a cavity some two or three 
yards lower down the slope. 

Coal-tar has already been treated of in a separate article [Coat- 
TAR.] In appearance and complexity of composition it much resembles 
mineral and wood tar. 

Remembering the vegetable nature of coal, it is easy to conceive that 
the above-described varieties of tar have a common origin. The 
duction of, first, wood, then coal, and finally mineral tar are 
sequential operations in which are simply hastened by the 
restless energy of man when, in the rude Macedonian fashion he half 
burns wood in the forest, or submits coal to destructive distillation 
aided by all the appliances of refined modern ity, 

Animal tar has already been treated of [Bonr-riqvor.] It is 
chiefly used for lubricating machinery. 

Pitch.—When 


taining paragin come 
over; the residue in the retort is pitch, a hard, black, vitreous resin, 
Constituents of Tar.—By tedious of fractional distillation, 
each portion of the distillate being redistilled and its products col- 
lected in several separate quantities, and these rectified and 
acted upon by powerful chemical reagents—coal-tar been shown to 
consist of ;—first,a number of very inflammable liquids, con 
either the elements carbon and hydro 
(from ¢ beautiful, and wiwy fat) 


colour, and is insoluble in water, alcohol, or ether, The liquid called 
naphtha chiefly consists of hydro-carbon ; the oils contain the oxidised 
bodies ; and pitch is a mixture of the various solids, together with 
other fixed matters that are probably decomposed when distillation is 
effected at very high temperatures, and which yield the charcoal that 
under these circumstances is always left in the retorts, 

Mineral tar and coal-tar have been proved to consist of the same 
substances as wood-tar. As might be suspected, they contain less non- 
volatile matter than wood-tar. 

Animal tar, besides the compounds already referred to, contains 
Meruytamine, ErayYLAMINE and other bases of the same class; 
AnILine and its homologues ; and some nitriles of fatty acids, 

TARANTISMUS is the name given to a peculiar nervous affection 
which was long su to be consequence of the bite of the 


Tarantula Spider, It seems to have occurred frequently in the king. 
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of Naples during the 16th century, and to have been nearly 
in its characters to the disease which was originally called 
itus’s dance [CHorea], and to that which has occasionally pre- 
in parts of Scotland, and has been called the “ leaping ague.” 
nearly all of whom were women, soon after being 
(as it was supposed) used to fall into a profound stupor, from 
but the sound of such music as pleased 
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sas the music continued, was in tune and sufficiently lively, 
dancing till they fell exhausted ; and, 
, some to laugh and sing, and some to 
after a short rest, they had recovered from their fatigue, 
i with as much vigour as before, unless 
were played slowly or confusedly, when they would stop 
melancholy, or even, if the music were not soon 
them, would fall into a dangerous state of stupor. 
about four‘days, and seemed to be cured by 
perspirations brought on by the active exercise; but it 
returned at the same time in the following year, or even fora 

jon of years, and on every occasion required the same treat- 


ince it has been found that the bite of the Tarantula can produce 
strange effects as these, many have ted that the disease 
ibe it never really existed, but was feigned for the purpose of 
ity or for the pleasure of dancing. There is good reason to 
in most instances it was counterfeited : but there can be 
that such a disease had occurred and had given occasion to 
practice of the fraud. i i i 
y is generally admitted, such as the St. Vitus’s dance and the 
leaping-ague, eases have occasionally been met with in recent times 
which closely resemble it, and in which there could be no just suspicion 
of fraud. Such a case is described by Mr. K. Wood, in the seventh 
volume of the ‘ Medico-Chirurgical Transactions ;’ another is recorded 
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by Mr. Crichton, in the thirty-first volume of the ‘ Edinburgh Medical 
and Surgical Journal ;’ and in the ‘ Cyclopedia of Practical Medicine, 
art. ‘Chorea,’ several cases of analogous affections are related. All 


to pagating themselves, as all convulsive affections 
are apt to do among nervous and superstitious persons, by the pro- 
pensity to imitation, the effects of which are still frequently seen in 
, chorea, and similar diseases. 
TARAXACIN. Tazaracin. A bitter non-azotised crystalline 
principle contained in the milky juice of the common dandelion. 
(Leontodon Taraxacum.) 
TARE. We hardly know whether all the words tare, tret, cloff, 
suttle, Ca Nostra sasbeqery pear ta tage: Bax hold their places 
works of arithmetic. Tare is said to be the allowance for the weight 
box or bag in which goods are packed ; tret, an allowance of 
041b. for waste ; cloff, an allowance of 2 1b. in 3 cwt., that the 
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when tare only is allowed; the net weight, that which remains 
all allowances are made. We shall merely state what we know 


tara in some of our older arithmetical works) is made 
In that language tara is a technical 
abatement of any kind, not for weight of only. 
have been the English word which originally stood 
for package : in our older arithmeticians, tare and 
ly go together, and the latter seems to be for the package, 
for other abatements, Cloff or clough is defined in an old 
that wherein any is put for carriage sake. Hum- 
speaks only of tare and cloffe ; Masterson (1592), 
and tret, but the first two terms are used together. We 
find cloff used in the sense given to it by our modern books of 
til about the end of the 17th century. 
the Italian ftritare, to crumble. Stevinus, in 
ise on book-keeping, uses intertrimentum in the sense of 
deduction from the quantity charged f 
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‘or. Gross weight needs no ex- 
formerly used for net weight. 
ese generally come to us from the 

w suppose suttle to be from sotti/e, which is used in the 
of fine and valuable, and is ied to the finer part, as separated 
One of our old writers (Masterson, ‘ Arithmetike,’ 

suttle weight in a manner which makes us ine we see 
the of the hundred weight being a hundred and nds. 
fan: Hf 18. ware SMa Gide? a. com 
averdupois weight, the former haying 100 lbs, to the 
hundredweight, the latter 112lbs. In the rougher sort of goods, at 
ecemnre oy the tare-wae (as appears by the tables they give) very 
often 12 Ibs. in 112 Ibs.: perhaps then the hundredweight of 112 Ibs. 
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was only an allowance for the weight of the box, barrel, or other 


TA are a most important green crop in the improved systems 
of agriculture, especially on heavy soils, where they thrive best. When 
a small sprinkling of wheat or rye, they cover 
ground in spring, and supply abundance of fodder in summer, A 


good crop of tares is fully equal in value to one of red clover: it comes 
off the ground in sufficient time to give the land a summer tillage, 
which is so useful in destroying weeds, and to allow turnips to be 
sown in the same season. 

There are many species and varieties of tares; but that which is 
found the best adapted for agricultural purposes is the common tare 
(Vicia sativa), of which there are two principal varieties, very slightly 
differing in appearance, one of which is hardy, and will stand the 
severest winters : the other is more tender, and is therefore only sown 
in spring; but it has the advantage of vegetating more rapidly, so that 
spring tares sown in March will be fit to cut within a fortnight or three 
weeks after those which were sown in autumn. By sowing them at 
regular intervals from oe to May, a succession of green tares 
in perfection, that is, in bloom, or when the pods are forming, may be 
eut for several months, from May to October. A prudent farmer 
arranges his crops so that he shall have artificial green food for his 
horses and cattle at least six months in the year, by having tares fit to 
cut between the first and second cut of clover. When there are more 
tares than is absolutely required for this purpose, and the weather 
permits, they make excellent hay ; or, if the weather is not favourable, 
they are cut and given to sheep, which are folded onethe portion 
already cut. It is an advantage to have portable racks for this pur- 
pose, that the fodder may not be trod under foot and wasted; or the 
tares may be placed between hurdles, tied two and two, which form 
extemporaneous racks. It is prudent to raise sufficient seed for another 
year; but a crop of seed-tares raised for sale is seldom profitable, as 
they greatly exhaust the soil: and the price varies so much in different 
seasons, that it becomes too much of a speculation for a farmer. The 
difference of spring and winter tares is probably more owing to habit 
than to any real botanical distinction between them. When spring 
tares are sown in autumn instead of winter tares, they may occasionally 
stand the frost, if not very severe; but, in general, they rot on’ the 
ground and never recover; whereas the real hardy winter tares, whose 
vegetation is slower, seem insensible to the severest frosts. 

In the early part of summer green rye and tares, mixed, are sold at 
a great price in large towns for horses which have worked hard and 
been highly fed in winter. They act as a gentle laxative, and cool the 
blood : near London, where every produce is forced with an abundance 
of manure, tares are often fit to cut early in May, and the land ig 
immediately ploughed and planted with potatoes, or sown with mangel 
wurzel or Swedish turnips, which come off in September or October, 
in time for wheat-sowing. Thus two very profitable crops are raised 
during the time that the land, according to the old system, would have 
been fallow; and at the same time it is left as clean, by careful hoeing, 
as the best fallow would have made it. 

Tares should be sown on land which is well pulverised. If after 
wheat, the stubble should be ploughed in with a deep furrow after a 
powerful scarifier has gone over the land several times to loosen it; 
tive or six cart-loads of farm-yard dung should be ploughed in. 
The tares should be drilled or dibbled, and the surface well harrowed. 
The intervals should be hoed early in spring: this will accelerate the 
growth, and insure a complete covering of the ground. As soon as the 
tares show the flower, they may be cut daily till the pods are fully 
formed ; after this, any which remain uncut should be made into hay 
kd ag to sheep; for if the seeds are allowed to swell, the ground 

ill be much exhausted. Another piece should be ready to cut by 
this time, and thus there may be a succession of tares and broad clover 
from May to November. Tares may be sown as late as August, on a 
barley or rye stubble, for sheep-feed early in winter, or to be ploughed 
in to rot in the ground, where beans or peas are intended to be sown 
early in spring; this is perhaps the cheapest mode of manuring the 
land, the only expense being the seed} for the tillage is necessary at 

events. 

TARGUMS, or CHALDEE PARAPHRASES OF THE OLD 
TESTAMENT. During the Babylonish captivity, the language of the 
Jews was affected by the Chaldee dialect spoken at Babylon, to such an 
extent, that upon their return they could not understand the pure 
Hebrew of their sacred books; and therefore, when Ezra and the 
Leyites read the law to the people, they found themselves obliged to 
add an explanation of it, undoubtedly in Chaldee. (Nehem. viii. 8.) 
(Heprew Lancuacy; Aramman Lanevuace.] In course of time 
such explanations were committed to writing, and from their being 
not simple versions, but explanatory paraphrases, they were called by 
the Chaldee word Targum, which signifies “ an explanation.” 

There are ten T: extant :— 

1. The Targum a, Onkelos, on the Pentateuch, is the most ancient. 
Onkelos is supposed to have lived at Babylon. The Babylonish 
Talmud makes him a contemporary of Gamaliel, at the very beginning 
of the Christian era. No critics place him lower than the 2nd century. 
His language approaches nearer than that of the other Targums to the 
Ee Chaldee of the books of Daniel and Ezra. He follows the 

ebrew text so closely, that his work is less a paraphrase than a 
version, and he is free from the fables which prevailed among the 
later Jews. 

2. The Targum of Jonathan Ben Uzziel, on the Prophets, is by many 
ascribed to an author contemporary with Onkelos, or even a little 
older, namely, Jonathan the son of Uzziel, a disciple of the elder 
Hillel. The mention of his name in the Talmuds proves him to have 


TARIFF. 


TARTARIC ACID. 


lived earlier than the 4th and 5th centuries. But Jahn points out 
certain internal marks, from which he concludes that this Targum was 
compiled, towards the end of the 3rd century after Christ, from other 
phrases, some of which at least were considerably older, The 
ews make Jonathan contemporary with the prophets Malachi, 
Zechariah, and Haggai, and relate marvellous stories respecting the 
composition of his Talmud. This Targum is more paraphrastic than 
that of Onkelos ; its dialect is not so ; the version is not so accu- 
rate, but it is free from the fabulous stories of the later Talmuds. It 
comprises the books of Joshua, Ju , Samuel, Kings, Isaiah, Jeremiah, 
Ezekiel, and the twelve minor prophets, 

3. The Targum of the peeudo-Jonathan, on the Pentateuch, is so 
called from its having been erroneously ascribed to Jonathan Ben 
Uzziel. In purity of dialect, in its general qe and in its mode of 
exposition, it is far inferior to the Targum of Jonathan. It abounds 
in silly fables, and displays great ignorance of Hebrew on the part of 
its author. From internal evidence, such as its mention of the Turks 
and Lombards, it is evident that it could not have been written earlier 
than the 7th, or perhaps the 8th, century. 

4. The Jerusalem Targum, on the Pentateuch, of which however it 
omits large portions, and sometimes explains only single words, is 
evidently later than that of the pseudo-Jonathan, which it generally 
follows closely, occasionally departing from it for the worse. Its 
dialect is very impure, abounding in Greek, Latin, and Persian words. 

The other Targums scarcely deserve a separate notice. An account 
of them, and lists of the editions and Latin versions of the Targums, 
will be found in the works quoted at the end of this article. Taken 
together, the Targums form a paraphrase of the whole of the Old 
Testament, except the books of Daniel, Ezra, and Nehemiah, which 
called the less he such an exposition, as they are to a great extent 
written in Chaldee. 

(Prideaux, Connection, part ii., book viii.; the Jntroductions of Horne 
= ae) 

ARIFF, a table of duties to be paid on goods imported or rted. 
The Shap re of a tariff depends upon the comnabel policy of the 
body by which it is framed, and the details are constantly fluctuating 
with the change of interests and the wants of the community, or in 
a of commercial treaties with other states. The British tariff 

undergone many important alterations within the last sixty years, 
all tending to increased freedom of trade. Only twenty-six kinds of 
articles are now subject to an import duty, and none to an export 
duty, all being imposed merely for fiscal purposes. A tariff often aims 
at incompatible ends: duties are sometimes meant to be both pro- 
ductive of revenue and for protective objects, which are frequently 
inconsistent with each other. Hence they sometimes operate to the 
complete exclusion of foreign produce, and in so far no revenue can of 
course be received ; and sometimes, when the duty is inordinately high, 
the amount of revenue becomes in consequence trifling. An attempt 
is in fact made to protect a great variety of particular interests at the 
expense of the revenue and of the commercial intercourse with other 
countries, 

TARTAN. [Weavine.] 

TARTAR, CREAM OF. [Tarranic Actrp.] 

TARTAR EMETIC. [Antrwony. 

TARTARIC ACID (C,H,0,,,2HO). This acid occurs in nature in 
both the free and combined states. In the free condition it exists in 
the tamarind, grape, pine-apple, pepper, &c. ; as a potash salt, also in 
the tamarind, pe, and in the mulberry; and as tartrate of lime, 
in the fruit of the stag’s-horn sumach ([thus typhina). Tartaric acid is 
also found in many other vegetable juices, but it is from the grape that 
nearly all the tartaric acid of commerce is obtained. 

Bitartrate of potash is soluble in water, but not in alcohol; ina 
mixture of the two it is soluble to an extent dependant upon the pro- 
portion of the one to the other. When, therefore, the juice of the 
grape is fermented, there arrives a point at which the bitartrate of 
potash begins to crystallise out and deposit on the sides of the vessel 
in which it is contained, and this operation goes on until the whole of 
the sugar in the wine is converted into alcohol. In going out of 
solution it takes much colouring matter with it, and in this impure 
state is, at convenient seasons, removed and sent into commerce as 
argol or crude tartar. Purified by recrystallisation and treatment with 
animal charcoal, it constitutes purified tartar, or “ cream” of tartar ; 
and it is from this salt that tartaric acid is produced. “It is called 
tartar,” says Paracelsus, “ because it produces oil, water, tincture, and 
salt, which burn the patient as tartarus does." Turtarus is Latin for 
hell. The products of its destructive distillation are certainly some- 
what irritating, and the properties of the “ salt” (carbonate of potash) 
that is left are well known. 

To prepare the acid, the bitartrate is dissolved in hot water, and 
powdered chalk added so long as effervescence continues. A precipi- 
tate of tartrate of lime is hereby formed, while neutral tartrate of 
potash remains in solution. The latter is then decomposed by addi 
the proper proportion of chloride of calcium, or by boiling with sul- 
phate of lime. In either case the tartaric acid remaining in the potash 
salt is also thrown into the state of tartrate of lime. Finally, the 
tartrate of lime is gently heated with rather more than half its weight 
of strong [sulphuric acid mixed with seven or eight times its weight 
of water. en the decomposition is complete the whole is filtered, 


. 


the filtrate evaporated, if necessary, and the liquor set 


as 
to 
of tartaric acid are colourless, inodorous, powerfully yet 
agreeably acid to the taste, of specific gravity 1°75, contain no water of 
n, and remain perfectly transparent and unal the 
air, They are very soluble in water, alcohol, and wood spirit, but not 
in ether; the aqueous solution slowly di if exposed. 
gently warmed, they give evidence of being highly charged with elec- 
tricity. Solution of tartaric acid, especially when hot, exerts a powerful 
twisting action on polarised rays of light. The direction of rotation is 
to the right, as observed in the apparatus described under Saccna- 
RIMETRY ; it is a remarkable phenomenon, and will presently be 
referred to as a means of i ing the derivatives and modifi- 
cations of this acid from each other. . 
Tartaric acid gives a white pregipitate (bitartrate of 
added in excess to a strong solution of a potash salt; 
down white tartrates from lime or baryta water and from acetate of 


potash, nitric acid, &c., tartaric acid and convert it 
into formic and carbonic acids, F\ with caustic potash, it splits up 
into acetic and oxalic acids, thus :— 
2H, C,H,0,, + 3(KO,HO) = KO,C,H,O, + 2K0,C,0, + GHO 
'Y ‘Tartaric acid, © Hydrate of Acetate of Oxalate of Water. 
potash. potash, potash. 


By heat, tartaric acid is transformed into several modifications. 
Exposed to a temperature not exceeding 340° Fahr., it fuses, and is 
altered to an acid that has the same composition Prep  cgpry 
same constitution as the original acid, but forms salts which are more 
soluble in water. It has a gummy appearance, is very deliquescent, 
does not when in excess precipitate ammonia from its salts until after 
some time, and then the crystals have a different form to that of ordi- 
nary bitartrate of ammonia. The solutions of its salts change into 
those of ordinary tartrates when boiled. The above is distinguished 
from the ordinary by the name metatartaric acid. By continued 
exposure to the same temperature, metatartaric acid is er modified 
to isotartaric acid, the chief peculiarity of which is that its salts corre- 


‘ ty 
spond only to bitartrates. The formula (HO, CHO.) ied’ with the 


fore represents its true constitution. Closely 
above acids are the tartralic and tartrelic: they are formed on 
tartaric acid to a still higher temperature for a shorter or 
period; they contain less water than the papery n Aigye ie : 
are merely mixtures in different proportions of that substance with 
anhydrous tartaric acid, or tartaric anhydride. The latter body has 
the composition C,H,O,,: it always results when tartaric acid is main- 
tained for some time at a temperature of 874° Fahr. It is insoluble in 
water, alcohol, or ether, and by long exposure in a moist state, or 
more rapidly on boiling in pyze or alkaline water, is reconverted into 
the ordinary crystalline form of acid. Finally, on heating tartaric acid 
to 400° Fahr., and higher, in a distallatory apparatus, it is decomposed 
into carburetted hydrogen and carbonic acid gases, water, acetic acid, 
empyreumatic oily matters, pyruvic and pyrotartaric acids, Pyruvie 
acid (2HO, C,,H,O,,) is separated from other matters in the distillate 
by fractional distillation and by taking advantage of the insolubility of 
its lead salt. Pyruvie acid is un isable, miscible in all pro- 
portions with water, alcohol, or ether, and forms difficultly 
lisable pyrwvates ; that of silver being somewhat soluble in water, and 
containing 2Ag0, C,,H,0,3. Pyrotartaric acid (2HO,C,,H,0,) in the 
impure state remains as a syrupy liquid when the tartaric distillate 
above referred to is redistilled. It may be purified by distillation and 
exposure of its distillate in vacuo, when it out in crystals, 
The latter may be quite decolorised by solution in water, treatment 
with animal c! , and recrystallisation. Pyrotartaric acid erystal- 
lises in oblique prisms, is very soluble in water, alcohol, or ether, is 
volatile without decomposition, and forms well-defined crystalline salts 
with bases. It forms neutral and acid pyrotartrates, of the general 
formula MO, HO, C,,H,0,, or 2MO, C,,H,O,. With persalts of iron it 
gives a red precipitate, and with protosalts a solution that rapidly 
reddens in contact with air, ; : ; 
Artificial Formation of Tartaric Acid,—This has been lished 
by Liebig. 
oxidising agent. One part of lactose, two anda half of nitric acid, of 
sp. gr. 1°32, and an equal quantity of water, are gently heated ; a 
mixture of carbonic acid and nitrogen oxides are gaged and a 
separation of mucic acid takes Water is then added, the 


mixture filtered, half a of nitric acid put into the liquid and the 
whole again boiled. More mueic acid—in all 83 per cent. of the 


lactose employed—then separates. After filtration a little more 
nitric acid is added, and the whole boiled for eighteen or twenty-four — 
hours. On now neutralising the solution by potash, abundance of 
tartrate of potash is obtained, which may be purified by one or two 


crystallisations, and the acid isolated in the manner described at the — 


commencement of this article. 

The acid thus artificially obtained possesses all the 
ordinary tartaric acid; it has dextro-rotative or plane po! 
and is in fact identical with true tartaric acid. A short time since an 


accomp! 4 
Its source is sugar of milk (lactose) and nitric acid is the ~ 


et 
light, — 


: 
q 
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announcement was made that tartaric acid had been artificially formed 

in another and totally different manner, but on optically examining it, 

the product proved to be racemic acid, a modified tartaric acid described 
on, 


Tartrates.—Tartaric acid is bibasic, and its salts consequently are 
either acid (MO,HO,C,H,0,,) or neutral (2MO,C,H,0,,). The neutral 
salts may contain two similar or different protoxides; or a protoxide 
and a sesquioxide; or a protoxide and a teroxide. They are mostly 
formed by partially or wholly saturating the acid with the oxide or 
carbonate of the oxide; or, in the case of double tartrates, by satu- 

ing a bitartrate with an oxide different to that already contained in 
it. Heated in the air, tartrates blacken and give off an odour 
resembling that of burntsugar. The chief tartrates are noticed in the 
lowing y 

Tartrate of Ammonia (2NH,O,C,H,O,,) is a very soluble salt; eftlo- 
rescent, and losing ammonia when e: to the air. Bitartrate of 
ammonia, ape ime iva Ox) is a crystalline powder tolerably 
soluble in hot water th but very slightly so in cold water. 
Tartrate of potash (2K0,C,H,O,,) crystallises with difficulty. Bitar- 

' trate of potash (KO,HO,C,H,O,,) was referred to at the commence- 
ment of this article: one part is soluble in 240 of water, at 50° Fahr. 

Heated to redness in a covered crucible it is decomposed, carbonate of 
_ potash and charcoal being left in a fine state of division; it con- 
stitutes the black flux of metallurgists. Sometimes it is deflagrated 
with nitre ; in this the carbon is all oxidised, and white flux (carbonate 

alone) is the name given to the residue. Tartrate of soda 
a0,C,H,0,,+ r .) resembles the ing potash salt. 


= 


quantity of acid to the 
test of the presence of potash in a liquid, the bitartrate of the latter 
base being formed and precipitated if t in notable quantity. 
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49,9 + aq) may be obtained. 
Paratartaric Acid.—This 


relations it exhibit a) Soutoay Scary tomato sab "The 
it its a : to ordi tartaric acid. 

i :—that it crystallises more readily from 
isation ; it is 


ever, i less ble, and ible racemate of potash and 

A Shtindhy cryellicee in acieular aia beatond of octohedra, 
Artificial Formation of Racemie ie et Messrs, Perkin and 
_ Duppa, and almost at the ekulé, have succeeded in 
producing Verysgere acid, when bibromosuccinate of 

_ silver is boiled in water, of being precipitated :— 
C,H,Br,Ag,0, + 480 = 3HO,C,H,0,, + 2AgBr. 
4 More recently M. Ce oT lactose, which is dextro- 
rotati i g, ordinary 


acid— 


should paratartaric 
Saw pain aod succeeded in producing a small quantity of 


racemic acid. 
Constitution of Tartaric and Paratartaric Acid.—By the brilliant 
_ researches of M. Pasteur in this direction, chemistry has been put in 
7 of four kinds of tartaric acid. ie aci 
-. which causes right-handed rotation 
This is the ordinary tartaric acid met with in commerce ; it is 


: 
i 
: 
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of these two acids differ in form in a somewhat interesting manner. 
Neither of them is ever obtained of a perfectly symmetrical shape, 
but what is remarkable is that the portion not forthcoming in the one 
is exactly the reverse of that wanting in the other. Moreover, the 
salts of the two acids preserve the peculiarities of the acids themselves ; 
their rotatory power, chemical properties and appearance differing as 
the acids differ: thus the image, as seen in a mirror, of the crystal 
which is dextro-hemihedral, as its shape is termed, has the exact form 
of the levo-hemihedral crystal; while the reflected image of the latter 
is of course identical with the direct image of the former. The third 
form of tartaric acid is a combination of the first with the second, and 
s of course, no rotatory power: it is, in fact, racemic or paratartaric 
aci 

Racemic acid was, by M. Pasteur, made to yield up its respective con- 
stituents, dextro- and levo-tartaric acid, in the following manner. The 
double racemate of soda and ammonia, made by saturating a quantity 
of common racemic acid with carbonate of soda, adding a second equal 
quantity of racemic acid, and finally neutralising by ammonia, was'found 
to ise in opposite hemihedral forms. On picking out, by hand, 
the one variety from the other and optically examining their solutions, 
M. Pasteur found that each powerfully twisted a polarised ray, but 
in opposite directions. From the two salts the acids were isolated 
by first precipitating with nitrate of lead, then decomposing the 
washed lead salts by sulphuretted hydrogen, and lastly, allowing 
erystals to’ be deposited from the evaporated filtrates. The one set 
of crystals were found to be dextro-rotatory, the other levo-rotatory ; 
on adding equal quantities together, the original non-rotatory acid was 

btained. 


° 
A second for the separation of dextro-tartarie from lwvo- 


similar | tartaric acid has been discovered by M. Pasteur ; it is not mechanical, 


like that of the separation from each other of the two kinds of erystals 
of racemate of soda and ammonia, but chemical, and depends upon 
principles which are bearer applicable. It consists in combining 
racemic acid, or any other substance suspected of having an analogous 
binary constitution, with an active gyratory body. The necessary 
dissimilarity of properties in the compounds which such a body is 
capable of forming with the constituents of a complete substance will 
at once reveal whether the suspected body is complex or not. Thus, 
in preparing the racemate of cinchonicine, it always happens that when 
the liquid has attained a certain degree of concentration the first crop 
of crystals formed consists almost wholly of levo-tartrate, the dextro- 
tartrate remaining in solution. A similar result is obtained with 
quinicine, except that dextro-tartrate first crystallises out, the levo- 
tartrate remaining in the mother liquor. 

The fourth kind of tartaric acid, discovered by the eminent chemist 
alluded to, is inactive tartaric acid; it has no action whatever on 
polarised light and, moreover, is not resolvable, under the same cir- 
cumstances as is racemic acid, into dextro- and levo-tartaric acids. It 
is formed as follows: tartrate of cinchonine is heated for several hours 
to 170° Fahr.; the mass is then treated with water and chloride of 
calcium added, when racemic acid, formed at the expense of the 
tartaric acid, is precipitated in the form of racemate of lime. If now 
the liquid be immediately filtered, and then left at rest for twenty-four 
hours, an additional crop of crystals is obtained, consisting of pure 
inactive tartrate of lime; from the {latter the inactive acid itself is 
Nitric derivatives of Tartaric Acid,—When tartaric acid is dissolved 
in nitric acid, and sulphuric acid added, a talline mass of nitro-tar- 
taric acid is produced. It is very unstable and difficult to purify. 
Water decom it into tartronic acid (C,H,0,,). 

The following derivatives of tartaric acid are prepared by the usua 
methods :— 


Methyl-tartariec acid (tartromethylic acid) . . C,H,0, HO, C,H,0,,4 
Tartrate of methyl . oer : + 2(C,H,0)C,H,0, 9 
Ethyl-tartaric acid (tartrovinic acid) . » « C,H,0, HO, C,H,0,, 


Tartrate of ethyl (tartaric ether) . ° + 2(C,H,0)C,H,0, 
Amyl-tartaric acid (tartramylic acid)  . . C,,H,,0, HO, C,1,0,, 
Tartroglyceric acid . . . . + C,H,0,, HO, C,H,0,, 
Tartramic acid . . ° ° ° « » C,H,NO,5 

Wertrahide OF FS 4S OFENOg 


Tartaric acid is much used in medicine; extensively also in the 
peer of effervescing drinks, and, by the calico-printer and 

er. 
TARTARIC ACID, for medical purposes, should be remarkably 
pure, when it is without odour, but makes a powerful acid impression 
on the organs of taste. In small doses, properly diluted, it acts as a 
refri t, and is of much value in fevers, particularly mucous, and 
in biliary. remittents. It excites the appetite of ms in whom the 
stomach is in a healthy condition ; those who, by long indulgence 
in stimulating food and drinks, experience loss of appetite, painful 
digestion, constipation, with a yellow and altered countenance, and 
diminished m vigour, find in tartaric acid a remedy of sin- 
gular power. For this state of system a few crystals should be 
dissolved in two small tumblers, and drank in the morning fasting, 
an hour intervening between the tumblers. A few grains are suffi- 
cient for each tumbler, as when made too strong it excites irrita- 
tion, followed by purging. Occasionally it disturbs the nervous system 


a TARTARUS. 
in a distressing way, so that patients refuse to continue its use. This 
plan has in many det es reclaimed individuals addicted to habitual 
intoxication, to which they have recourse to relieve a painful feeling of 
sinking and craving of the stomach, which is effectuall cairweees | by 
the acid draught. This is also useful after an attack of delirium 
tremens. 

Tartaric acid enters the circulation, and diffuses itself through the 
whole body, and may be i in the urine, generally in com- 
bination, often with lime. Tartarie acid is much used to decompose 
alkaline carbonates, and form effervescing draughts, the employment of 
which requires caution. [ANTAcIDs.] 

TARTARUS (Tdprapos) was, according to the notions of the Greeks 
and Romans, a part of the lower world, and was inaccessible to the 
a of the sun and to the winds. Homer describes it as the place in 
which the gods were punished ; as being as far below Hades as heaven 
is above the earth, and as being provided with brazen gates at its 
entrance. (‘ Iliad,’ viii. 13, &c., 481.) Hesiod entertains on the whole 
the same idea, but he adds that Tartarus is surrounded by a brazen 
wall and triple night; the roots of the earth and the sea hang 
down into it. It isthe prison of the Titans. (Hesiod, ‘Theog.,’ 720, 
&c.) In later times Tartarus designated that part of the lower world 
in which the shades of the wicked were punished (Plato, ‘De Re 
Publi, p. 616; Virgil, ‘ 2n.,’ vi. 543), and the ideas then formed of 
it were more awful than in earlier times. According to Virgil, the 
road into the lower world was divided at a certain point into two 
roads, the left of which led into Tartarus, which was surrounded by a 
triple wall and the fiery river Phlegethon, and was closed with an 
adamantine gate. At its outer side Tisiphone kept watch, and at 
the inner side the fifty-headed hydra. Rhadamanthus was the judge 
in Tartarus, and at his command the Furies scourged the shades of 
the wicked. 

TARTRALIC ACID. peed rem 


TARTRAMIC ACID. [Tarrarie Acrp 

TARTRAMIDE, [Tarraric Acip.] 

TARTRAMYLIC ACID. hg Acip.] 

TARTROGLYCERIC ACID, [Tarraxic Acip.] 

TARTROMETHYLIC ACID. [Tanraric Acrp.] 

TARTRONIC ACID. [Tarraric Aci.] 

TARTROVINIC ACID, [Tarranic Acrp.] 

TASTE, according to the definition of Sir Joshua Reynolds, “ is 
that act of the mind by which we like or dislike, whatever be the 
subject.” (‘ Discourses before the Royal Academy ;’ Discourse vii.) 

aste is frequently spoken of as a gift, as something independent of 
rules, a kind of instinct, bestowed more liberally in degree upon some 
men than upon others. It has been treated by some writers as the 
result of caprice or fashion, as having no uniform or permanent prin- 
ciples for ground of its decisions. Others have resolved it into 
different complex elements, whose joint development is determined by 
certain principles of beauty or sublimity in things external. 

Much obscurity has arisen in discussions on the subject of taste 
from the twofold sense in which the word taste has been employed, as 
expressive of an emotion, and of something objective in which there 
exists an aptitude to produce emotion. The term taste strictly applies 
to the emotion only ; the theory of the different causes by which the 
emotion is produced belongs to the subject of beauty or sublimity. In 
what follows we shall confine ourselves to the explanation of taste in 
its restricted or proper sense, 

When any object either of sublimity or beauty is presented to 
the mind, we are conscious of a train of thought being immediately 
awakened analogous to the character or expression of the original ob- 
j The trains of thought which are thus are distinguished 
in the nature of the ideas or conceptions which compose them, and in 
the nature or law of their succession. In the case of those trains of 
thought which are suggested by objects either of sublimity or beauty, 
they are in all cases composed of ideas capable of exciting some affec- 
tion or emotion. There is this distinction between the emotions of 
taste and all our different emotions of simple pleasure, that in the case 
of these last emotions no additional train of thought is necessary. The 
pleasurable feeling follows immediately the presence of the object or 
quality, and has no dependence upon anything for its perfection but 
the sound state of the sense by which it is received. The emotions of 
envy, pity, benevolence, gratitude, utility, propriety, novelty, &c., might 

Cubtedly be felt, although we had no such power of mind as that 
by which we follow out a train of ideas, and certainly are felt in a 
thousand cases when this faculty is unemployed. In the case of the 
emotion of taste, on the other hand, it seems evident that this process 
of mind is necessary, and that unless it is produced these emotions are 
unfelt. Whatever may be the nature of that simple emotion which 
any <o is fitted to excite, whether that of gaiety, tranquillity, 
melancholy, &c., if it produce not a train of kindred thought in our 
minds, we are conscious only of that simple emotion. Whenever, 
on the contrary, the train of thought Bore 4 has been mentioned is 
produced we are conscious of a higher and more pleasing emotion; 
and which, though it is impossible to describe in language, we yet 
distinguish by the name of the emotion of taste. The emotions of 
br ge vie. cresteeeeg i, Pease io distinguished ape the emotions 
of simple pleasure, by ing dependent upon the exercise of our 
imagination, 


It is on this principle that Burke remarks that the excellence and 
force of a composition must always be imperfectly estimated from its 
effect on the minds of any, except we know the any and character 


of those minds. (‘ Int. to the Sublime and Beautif The rules by 
which taste is determined vary with the objects to which its decisions 
refer; but in of all, this general principle holds, that a com- 


tion is to be judged by its fitness to produce the end designed by 
it. Fora fener praca of the subject, see AZsTHerios; Beauty ; 
Svusionry. 

TATTOOING is the name usually given to the custom, common 
among many uncivilised tribes, of marking the skin by punctures or 
incisions, and introducing into them coloured fluids, so as to 
an indelible stain. It is mentioned in Captain Cook's account of the 
South Sea islanders under the name fattowing ; and, with trifling dif- 
ference in the orthography, the same name is agriet by English 
writers to similar practices among other people, The word “ tattoo” 
appears to be formed by a reduplication of a Polynesian verb “ ta,” 
meaning to strike, and therefore to allude to the method of perf 
the o ion, and, if this supposition be correct, it has a curious 
— lance to the English word tattoo, meaning a particular beat of 

e drum, 

From a passage in the book of Leviticus, chap: xix., v, 28, in which 
the Israelites are forbidden to make any cuttings in their flesh for the 
ser lied to print any marks upon their bodies, it has been su) 

some custom resembling tattooing was practised in the 
Moses, It is also an Oriental custom, and among peo whose prox- 
imity to the Hebrews affords a reason for the prohibition contained in 
the text referred to. ‘‘ The Bedouin Arabs, and those inhabitants 
towns who are in any way allied to them,” observes the editor 
‘ Pictorial Bible,’ on the in Leviticus, “are scarcely less 
of such decorations than any islanders of the Pacific Ocean. 
cpap! the case among the females, who, in general, have 

and arms, their front from the neck to the waist, and even 
chins, lips, and other prominent parts of the face ed with 
stains in - a of pres gery whey errs various 
figures, ey have no figures of living objects, being forbidden 
by their religion; neither do they associate any superstitions w 
them, so far as we are able to ascertain.” The works of ancient 
writers contain many notices of the practice of tattooing, as practised 
by several barbarous races, As to the Britons, Cesar merely mentions 
their custom of staining their bodies with vitrum, or woad ; 


fl 
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In modern times the custom of tattooing has been found in most of 
the islands of the Pacific Ocean, and among many of the aboriginal 
tribes of Africa and America, as well as, on a limited scale, as before 
stated, in the East. It is also practised by the Tunguses on the banks 
of the Amur, as stated by Atkinson in his‘ Travels in the Regions of the 
Upper and Lower Amoor.’ Much curious information on the various 


Head of Shungie, from a carving by himself, 


kinds of tattooing is collected in the volume on the ‘ New Zealanders,’ 
in the ‘ Library of Entertaining Knowledge.’ Of the character of the 
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patterns a better idea will be conveyed by the annexed bust of Shungie, 
a New Zealand chief, copied from an engraving in the ‘ Missionary 
ister ’ for 1816, than by the most lengthened description. 

process of tattooing as ised, or rather as it was formerly 

ised, in other islands of the South Sea, was less painful than that 

in New Zealand; for, according to the account of Captain 

Cook, in some cases the could hardly be said to draw blood ; 

while in New Zealand, having taken a piece of charcoal, and rubbed it 

upon a stone with a little water, so as to produce a thick liquid, the 

dipped into it an instrument made of bone, with a sharp edge 

a chisel, and shaped in the fashion of a garden-hoe. They then 

ied the instrument ee 
a piece of ing it cut into the as a knife wo 

oe “a panei baer, of blood to flow, which they kept 

i the hand, in order to see whether the im- 

was made sufficiently clear. If not, they applied the cutting- 

tt again to the same place. The instruments used, as described 

were edged with small teeth, somewhat resembling 

of a fine comb; and, as in the case of New Zealand, the colouring 

tincture was introduced at the same operation as that by which the 

skin was punctured ; substance employed in some places being a 

kind of lamp-black. the brown skins of the natives, the marks 

made wi i co sin lenae age ree cor see abs 

y are of a fine blue colour. Lafitau of pow as 

ry i pecs sc Indians ; and 


peculiar crystallisable substance obtained 
uced artificially by the action of heat upon 


C,H, (NH,)0,, 8,0, + 280 
cqeeennny panned 


Isethionate of ammonia. Taurin, 


Its properties are, that it has the form of a six-sided prism terminated 
by of four or six faces ; the crystals are gritty between the 
Bd ced tove'n charpise taste, otich neither sweet nor saline; 
no alteration by exposure to the air even at 212°, and 

i an acid nor an ine reaction. When heated in the 
fire, this substance becomes brown, fuses into a thick liquid, 
up, exhales a sweetish empyreumatic odour resembling that of 
burning indigo, and leaves a charcoal, which is readily burnt}: when 
to dry distillation, it yields much thick brown oil, and a 
little yellow acidulous water, which holds an ammoniacal salt in solu- 
tion, and reddens a solution of oride of iron; one part requires 
of water at 54° for solution; it is much more soluble in 

water, and the excess ises on cooling; it is but little 


soluble, in ee oe  0°835, and is nearly insoluble 
in absolute alcohol. ¢ sulphuric acid dissolves and forms 


et ae rng it is left unaltered. 
TAUROCHO IC ACID. [CHoterc Act.) 


C,H,NO,S, 
Mpeg rennet” 


consider it advisable to begin from, Aldebaran must have been at no 

distance from the vernal equinox. [Zoprac.] The is 

(Ret dad altered yee am fore legs. baran 

the Hyades form the forehead and eye, and the Pleiades are in the 

shoulder. But Aratus must have drawn the figure differently, for he 
puts the Pleiades in the knees. 

The Hyades form a group, of which five (some of the ancients said 

i visible to the naked eye, a, 0, y, 5, and € of the 

in the cluster, These stars are 

ing the extremes, and + at the 


i 
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meaning Aldebaran for the sow, and the others for her off- 
i and others state to have arisen from sup- 

have been from #es ee from dew. 

it may be possible that they were right in their 

word: the large star and the cluster of small ones 

e notion of a sow and her litter. 

ee eee cover ot stars that it is very difficult to 
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;” and six seems to 
visible, though there are many more in the 
17, 19, 20, 28, 25, and 26 of Flamsteed. 
ition that some one star, once visible, has 

, or altogether. The name has 

mhéw, to sail. One of the mythological stories 
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makes these stars the daughters of Pleione and Atlas. 
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The principal stars of Taurus are as follows :— 
No. in Catalogue 


No. in Catalogu of British 
Ch at of Flamsteed A iation, Magnitude, 
o 1 1057 4 
é 2 1068 4 
n 25 1166 3 
A 35 1241 4 
v 38 1251 4 
Y 54 1328 3 
3 61 1346 4 
® 64 1356 4 
€ 74 1376 4 
a 87 1420 1 
t 102 1551 4 
B 112 1681 2 
¢ 123 1767 3 


TAURUS PONIATOWSKI, a constellation formed by the Abbé 
Poczobut, a Polish astronomer (born in 1728: we do not know the 
year of his death; but Lalande mentions his having resumed his 
observations at Wilna in 1802), in honour of the reigning king of 
Poland, and adopted in the French (Fortin’s) edition of Flamsteed’s 
maps (or rather added to the plates). Poczobut, in 1778, proposed 
this constellation to the French and other academies, by whom it was 
received. Bode conjectures that a resemblance of certain very small 
stars in it to the figure of the Hyades was the reason for the first word 
of the name. It is situated between Aquila and Ophiuchus. 

TAURYLIC ACID. [Brnzorc Atconot.] 

TAUTOCHRON. [Trve or Descent.] 

TAX, TAXATION. A tax is a portion of the produce of a country 
or its value, applied to public purposes by the government. ‘Taxation 
is the general charging and levying of particular taxes upon the com- 


munity. 

In a free state it is assumed that all taxation is necessary for the 
public good; and it is justified by necessity alone. The amount of 
expenditure will, in a great measure, be determined by the magnitude 
of a state and by the number and importance of its political relations ;. 
yet the prudence with which its affairs are administered will affect the 
demands of the government upon the people nearly as much as its 
necessities. The expenses of a private person must be regulated by 
his income; but in a state, the expenditure that is needed is the 
measure of the public income that must be obtained to meet it. A 
civilised community requires not only protection from foreign enemies, 
and internal security, but it needs various institutions which are con- 
ducive to its welfare. It is the business of a government to provide 
for these objects in the best manner and at the least expense consistent 
with their efficiency. yet tax should be viewed as the purchase- 
money paid for equivalent advantages given in return. This principle 
assumes the necessity of moderation in levying taxes, and will scarcely 
be denied by any one when stated in that form; yet it isnot uncommon 
to hear it argued that so long as taxes are spent in the country, the 
amount is not of consequence, as the money is returned through 
various channels to the le from whom it was derived. The 

inciple we have just laid down ex the fallacy of this doctrine, 
by ucing it to a simple question between debtor and creditor. For 
example, by paying a million of money every year, the people obtain 
the services of an army. This we will suppose to be an equivalent, and 
we will further assume that the food and clothing of the force are 

and that the entire pay of the men is spent, within the 
country. The whole of the money will thus be returned: but how ? 
Not as a free gift, not as the repayment of a loan, but in the purchase 
of articles equal in value to the whole sum, The only benefit obtained 
by this return of the million is clearly nothing more than the ordinary 
profits of trade; for the community has already provided the money, 
and then out of its own capital and industry it produces what is equal 
to it in value, and this it sel/s to the state, receiving as payment the 
very sum it had itself contributed as a tax. 

No branch of legislation is perhaps so important as the wise applica- 
tion of just principles in the matter of taxation. The wealth, happi- 
ness, and even the morals of the people are dependent upon the 
financial policy of their government, 

‘ — Smith lays down four general maxims, which are as 
‘ollows :-— 

I. ‘“‘ The subjects of every state ought to contribute towards the 
support of the government as nearly as possible in proportion to their 
respective abilities; that is, in proportion to the revenue which they 
respectively enjoy under the protection of the state.” 

Il. “The tax which each individual is bound to pay ought to be 
certain, and not arbitrary. The time of payment, the manner of 
payment, the quantity to be paid, ought all to be clear and plain to the 
contributor, and to every other person.” 

III. “ Every tax ought to be levied at the time or in the manner 
most likely to be convenient for the contributor to pay it.” 

Bee. wk Com ought to be so contrived as both to take out and 
keep out of the pockets of the people as little as possible over and 
above what it brings into the public treasury of the state.” 

The justice of Adam Smith’s first maxim requires no enforcement 
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or illustration, although the object is most difficult of attainment. 
The second maxim is of great importance, and the ity of adhering 
to it must be universally acknowledged. Uncertainty gives rise to 
frauds and extortion ou the part of the tax-gatherer, and to ill-will and 
suspicion on that of the contributor, while it offers a most injurious 
impediment to all the o ions of trade. Notwithstanding the many 
evils of uncertainty, it is by no means an uncommon fault in modern 
systems of taxation. 

Under the constitutional governments of Europe, the people do not 
indeed suffer from violent exactions, as in the Turkish empire and in 
Persia; but industry and commerce are often restrained by irregular 
and ill-defined taxes, 

To levy a tax “‘at the time and in the manner most likely to be 
convenient for the contributor to pay it ” is always a wise policy on the 
part of the state. The time or manner of payment may often be more 
vexatious than the amount of the tax itself, and thus have the evil 
effects of high taxation, while it produces no revenue to the state. 
Suppose, for example, that a merchant imports goods and is required 
to pay a duty upon them immediately and before he has found a 
market for them:—he must either advance the money himself or 
borrow it from others, and in either case he will be obliged to charge 
the purchaser of the goods with the interest ; or he must sell the goods 
at once, not on account of any commercial occasion for the sale, but in 
order to avoid prepayment of the tax. If he pays the tax and holds 
the goods, the consumer will have to repay not only the tax but the 
interest ; and if he parts with them at a loss or inconvenience, trade is 
injured, and the general wealth and consequent productiveness of 
taxation proportionately diminished. To prevent these evils the 
Bonding or Warehouseing system was established in this country, 
which affords the rey convenience to the merchant and a 
general facility to trade, Certain warehouses are appointed under the 
charge of officers of the customs, in which goods ay be deposited 
without being chargeable with duty until they are cleared for con- 
sumption, and thus the tax is paid when the article is wanted, and 
when itis least inconvenient to pay it. Similar accommodation is 
granted on their own premises to the manufacturers of articles liable to 
excise duties, At present the customs bonding-warehouses are con- 
fined to the ports, and a few large towns, 

The evils resulting from inconvenient modes of assessing and col- 
lecting taxes have been very seriously felt in this country under the 
operation of the excise laws. When any manufacture is subject to 
excise duties, the officers of the revenue have cognisance of every part 
of the process, inspect and control the premises and machinery of the 
manufacturer, and often even prescribe the mode of conducting and 
the times of commencing and completing each process; while the 
observance of numberless minute regulations is enforced by severe 
penalties. The manufacturer is put to great inconvenience and 
expense, and his ingenuity and resources are constantly interfered with 
in such a manner as to impede inventions and improvements, and to 
diminish hi# profits, A London distiller stated to the Commissioners 
of Excise Inquiry, that assuming that the duties on spirits distilled b 
him should be fully secured to the revenue, “it would be well w 
his while to pay 30001 a-year for the privilege of exemption from 
excise interference.” (‘ Digest of Reports of Commissioners of Excise 
Inquiry,’ p. 15.) 

Any injury done to trade is injurious to-the state by diminishing 
the national wealth and the employment of labour. It has the same 
effect also upon the revenue as excessive taxation. The high price of 
the article limits the consumption and consequently the revenue 
arising from it. The injurious effects of the excise restrictions “ must 
be felt in an accumulated degree by the public who are the consumers, 
against whom the tax operates by the addition made to the price of 
the commodity, not only by its direct amount, but by the necessity of 
compensating the manufacturer for his advance of capital in defraying 
it, and also by the increased cost of production.” (° Ibid.,’ p. 15.) In 
the case of a favs y tax, which also diminishes consumption, the state, 
at least, derives some beuefit ; but in the case of onerous restrictions 
and impediments to trade caused by the mode of collecting a tax, the 
state gains nothing whatever, and the manufacturer and the consumer 
are seriously injured, without an equivalent to any . If the 
consumer must suffer, it should, at least, be for the benefit of the 
revenue, for then his contributions may be diminished in some other 
direction. During the last few years excise duties have been removed 
entirely from several manufactures, and in the instance of bricks and 
glass, especially in the latter, the improvements in the manufacture, 
and the remarkable diminution of price, have been of a most striking 
character, and produced the most beneficial effects. 

The net produce of a tax is all that the state is interested in, and 
therefore any violation of the fourth maxim of Adam Smith is liable 
to the same objections as those already.stated in reference to the third. 
Such violation increases the amount of the tax directly, as the former 
was shown to increase it indirectly, without any advantage to the state. 
Facility of collection is a great recommendation to any tax; und, on 
the contrary, a disproportion between the cost of collecting and the 
amount ultimately secured is a good ground’ for removing a tax, 
though founded in other respects upon just principles. On this 
account alone, as well as for the general convenience of trade, it has 
been a wise policy to reduce, as far as possible, the number of articles 
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upon which customs duties are levied. The cost of collecting the duties 
upon the larger and more productive articles of import bears only a 


cles bears a 
as possible ; but these do not point out any particular mode of taxation 

inconve- 
nience in the mode or times of payment, or to be attended with the 


, is fairly open to the choice of a statesman; 


spendthrift ; and such a practice as, in private life, must be condemned. 
If the taxes of any country should become so disproportioned to its 
income, that, in order to pay them, continual demands must be 


made 
upon its capital, its resources would fail, employment of labour would 


decrease, and the reyenue must necessarily be reduced by the general 


impoverishment of the tax-payers. Such a system could not long con- 
tinue as all capital, but it may affect particular branches of 
capital, or all capital in certain conditions. In whatever degree it is 


commodities. 

Direct taxes upon the land have been universally resorted to 
nations. In countries without commerce, land is the only source 
which a revenue can be derived. In most of the Eastern i 
the greater part of the revenue has usually been raised by heavy taxes 
upon the soil; and in Spain, at the present time, the taxes upon the 
soil are most oppressive and injurious. 

In E d, under the Saxon kings, there was a land-tax. When 
the invasions of the Danes became frequent, it was customary to pur- 
chase their forbearance by large sums of money; and, as the ordinary 
revenues of the crown were not sufficient, a tax was imposed on every 
hide of land in the This tax seems to have been first 
imposed a.p. 991, and was called Danegeld, or Danish tax or tribute, 
reer jg It was abolished about seventy years after the Norman 
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of Richard II. and Henry IV. During the troubles in the reign of 
Charles I. and the Commonwealth, the practice of laying weekly and 
monthly assessments of specific sums upon the several counties was 
resorted to, and was found so profitable, that after the Restoration the 
ancient mode of granting subsidies was renewed on two vecasions only, 
In 1692 a new valuation of estates was made, and certain payments 
were apportioned to each county and hundred, or other division. 
upwards of a century the tax was 4 og under annual acts, 
varied in amount from one shilling ia the pound to four shillings, 
which latter sum it was made by the 38 Geo. IIL, ¢, 
subject, however, to redemption by the landowners upon certain 
ditions, But no new valuation of the land has been made, and 
proportion to each district has continued the same as 
in the time of King William IIL, as regulated by the act of 
That assessment is said not to have been accurate even at that 
and of course improved cultivation and the application of capi 
since completely changed the relative value of ditferent portions 
soil. On account of the generally increased productiv: 

the tax bears upon the whole a trifling proportion to the ren’ 
inequality is very great. Adam Smith imagined that this 
borne entirely by the landlords, but this opinion has been proved to 
erroneous by modern political economists, who hold the tax 
increases the price of the produce of the land, and is therefore paid 
the consumers. The tax is also obviously objectionable on the pa | 
of inequality. 

A tax upon the gross rent of land would fall upon the landlord, 
would be in fact a tax upon his annual income, and as such would 
with undue severity upon him, unless other classes of the community 
should be liable to a proportionate deduction from their repo 
incomes for the benefit of the state. This brings us to consider the 
expediency of a general tax upon all incomes. 

n whatever form the tax may be levied, the contribution should be 
paid from income, and uot from capital ; and, accordingly, the ation 
and most equitable mode of taxation would appear to be that which 
after assessing the annual income of each person arising from all 
sources, should take from him, directly, a certain proportion of his 
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income as his share of the general contribution. Such a tax, equitably 
levied, would to agree in theory with all the four maxims of 
Adam Smith; but, practically, every tax upon income must abound 
in inequalities, in uncertainty, and in great personal hardships and 
inconvenience. 

The strongest of the objections to an income-tax is, however, the 
inquisitorial nature of the investigation into the affairs of all men, 
which is necessary to secure a statement of their incomes. This objec- 
tion, indeed, is treated lightly by some; but by the mass of the con- 
tributors it is considered the most inconvenient and unseasonable 

quality of an income-tax. Even if the exposure of a man’s affairs 
could do him no possible injury, yet as an offence to his feelings, or 
even caprice, it is a ip which is not involved in the payment of 
other taxes. But apart from matters of feeling, injury of a real 
character is also inflicted upon individuals by an exposure of their 
Means and sources of income. Mercantile men, from the dread of 
competition, take pains to conceal from others, jally if in the 
same business, the application of their capital, the rate of profit 
realised, their connections, and their credit, all of which must be dis- 
closed, perhaps to their serious injury, when there is an investigation 
of their profits. 
; For these reasons the mode of collecting the income-tax certainly 
cannot be approved of as being “ most likely to be convenient to the 
_ contributor.” Its general unpopularity when in operation is the best 
eadeg its hardship and inconvenience. Upon the whole, a tax upon 
is so difficult to adjust equitably to the means of individuals, 
and the mode of collection is necessarily liable to such strong objec- 
tion, that, if resorted to at all, it should be reserved for extraordinary 
occasions of state necessity or danger, when ordinary sources of revenue 
cannot safely be relied on. 

The English Assessed taxes have as few objections in principle as 
most modes of direct taxation. With an equitable assessment, and 
special exemptions in certain cases, they are capable of being made to 
bear a say oe proportion to the incomes of the individuals 

ing them. ey share, however, in the general unpopularity of all 
taxes, and it cannot be denied that they often press unequally 
upon particular persons. The window-tax was indeed in many respects 
most objectionable, but it has happily been removed. The direct taxes 
upon horses, carriages, hair-powder, armorial bearings, &c., being paid 
voluntarily by the rich to gratify their own taste for luxury or display, 
are not li to meet with many objectors, The use of such articles 
generally indicates the scale of income enjoyed by the contributor, and 
the tax is too light to discourage expenditure or to make any sensible 
deduction from his means. 

Indirect Taxes.—In preferring one tax to another, a statesman may 
be influenced by political considerations as well as by strict views of 
financial expediency, and nothing is more likely to determine his choice 

- than the probability of a cheerful acquiescence on the Paes of the people. 

All taxes are disliked, and the more directly and 


as on other grounds, “ indirect taxes,” or taxes upon the consumption 
of various articles of merchandise, have been in favour with most 
ne. “Taxes upon merchandise,” says Montesquieu, “ are felt 
he least by the people, because no formal demand is made upon them. 
They can be so wisely contrived that the people shall scarcely know 
that they pay them. For this end it is of great consequence that the 
shall nak ye the tax. He knows well that he does not pay it for 

3 the buyer, who pays it in the end, confounds it with the 

price.” (‘ Esprit des Lois,’ livre xiii. chap. 7.) This effect of indirect 
taxes is apt to be undervalued by writers on pee economy ; but it 
is undoubtedly a great merit in any system of taxation (which is but a 
of government) that it should be popular, and not give 

to discontent. A tax that is positively injurious to the very 
parties who pay it without thought, is certainly not to be defended 
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merely on the no complaints are made of it; but it may 
- be safely admitted as a pera s that of two taxes equally good in 
other respects, that is the which is most acceptable to the people. 


_ makes it necessary to consider the incidents and effects of them 
with peculiar caution. The statesman has no warning, as in the cases 
of direct taxes, that evils are caused by an impost which is productive 

__ and which every one seems willing to pay. When any branch of indus- 
_ try is visibly declining, and its failure can be traced to no other cause 
_ than the discouraging pressure of a tax, the necessity of relief is felt 
_ at once; but if trade and manufactures are flourishing, and the country 
advancing in prosperity, it is difficult to detect the latent influence of 
_ taxes in restraining that progress, which but for them would have been 
_ greater; and still more difficult to imagine the new sources of wealth 
which might have been laid open if such taxes had not existed, or had 
_ been less heavy, or had been collected at different times or in different 


‘= a is directly interested in the increase of national 
wealth, and taxes upon commodities should be allowed to interfere 
it as little as possible. On this account, duties upon raw 
__ materials are objectionable. They increase the price of such materials, 
and thus limit the power of the manufacturer to purchase them, and 
to employ labour in increasing their value, and in adding to the pro- 
duction and capital of the country, They discourage foreign commerce 
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and the employment of shipping; for as the power of buying is 
restrained, so also is that of selling, and the interchange of merchan- 
dise between different countries is checked. Moreover, by increasing 
the price of the exported manufactures, they limit the demand for 
them abroad and subject them to dangerous competition. 

Similar objections may be urged against taxes upon domestic manu- 
factures, since by increasing the price they diminish consumption, and 
consequently discourage the manufactures, which if left to themselves 
would have given employment to more capital and labour, and would 
have added greatly to the amount of national wealth and prosperity. 
The object of a government should always be to collect its revenue 
from the results of successful employment of capital and industry, and 
not to press upon any intermediate stage of production. 

The British legislature has of late years very wisely repealed or 
reduced various duties upon raw materials and upon manufactures. 
Of customs duties, none now remain but on articles of large con- 
sumption, such as tea, sugar, wine, tobacco, timber, &c., and all those 
upon raw material, and upon articles of small consumption, where the 
trouble and hindrance to the merchant exceeded the amount of income 
produced, have been repealed. 

One of the chief recommendations of indirect taxes is, that, when 
placed upon the proper description of articles, the payment of them by 
the consumer is optional. If charged upon what may be strictly called 
the necessaries of life, their payment becomes compulsory, and falls 
with unequal weight upon labour. Competition generally reduces a 
large proportion of the working classes to a state which allows them 
little, if anything, beyond necessaries ; consequently a duty upon these, 
as it will have no effect in diminishing the competition of Jabour and 
in raising wages, must reduce the comforts and stint the subsistence of 
labouring men. 

That class of articles commonly called luxuries, of which the con- 
sumption is optional, is a fair subject of taxation. In principle there 
is no objection to such taxes: they do not interfere with industry or 
production, but are paid out of the incomes of the contributors, and 
paid willingly, and for the most part without undue pressure upon 
their means. But in laying on taxes upon particular articles of this 
description, care must be taken to proportion the charge to the value 
of the article. Excessive duties fail in the very object they have in 
view, by rendering the revenue less productive than moderate duties ; 
while the causes of their failure are injurious to the wealth of the 
country by discouraging consumption, and to its morals by offering an 
inducement to smuggling. 

High duties upon foreign articles imported into a country are liable 
to all the objections which apply to immoderate taxes upon articles of 
consumption, and they are chargeable with another—they diminish 
importation, and thereby restrict commercial intercourse and the 
demand for and exportation of domestic produce and manufactures. 

The success of moderate duties upon articles of consumption, in 
encouraging the use of them, placing them within the reach of a larger 
number of persons, and at the same time augmenting the revenue, was 
never better shown than in the article of coffee. In 1824 the duty on 
British plantation coffee was 1s., upon East India 1s. 6d., and upon 
foreign coffee 2s, 6d. per Ib., and the quantity cleared for consumption 
was 8,262,943 lbs., producing a net revenue of 420,988/. In 1825 
those duties were reduced one-half, and the consequence was consider- 
ably more than a threefold increase in the consumption, while the 
revenue in 1841 had been more than doubled. The duty is now 3d. 
per lb., and the importation in 1859 was 65,353,029 lbs., of which 
34,292,947 Ibs, were entered for home consumption. There is,no 
difference between foreign coffee and that of the production of British 
possessions. 

Thus reductions of existing duties may be proved by such examples 
to increase the revenue ; but whether the effect of them be immediate 
or deferred must depend upon a variety of circumstances. If the 
reduction puts an end to extensive smuggling, the revenue will derive 
immediate benefit, as both the demand and the supply of the article 
already exist; and the reduced tax, without affecting production or 
consumption, acts as a police regulation, and at once protects the 
revenue from fraud, But where there is little or no smuggling, and 
the revenue can only be increased by means of additional consumption, 
the effect of reduced duties may be deferred and even remote, The 
article may have to be produced ; capital, skill, labour, and time may 
be required to provide it in sufficient quantities to meet the growing 
demands of the consumer; and even should the supply become 
abundant, the habits and tastes of a people cannot be changed on a 
sudden. The high price of an article may have placed it out of their 
reach, and in the meanwhile they may have become attached to a 
favourite substitute, or may be slow to spend their money upon a 
commodity which they have learned to do without. These and other 
causes may defer for a considerable time such an increase of con- 
sumption as would make up for the reduced rate of tax, especially 
when the reduction has been so great as to require an extraordinary 
addition to the previous amount of consumption, before the sacrifice 
made in the revenue can be redeemed. But where the article on 
which it is proposed to reduce a tax is already in universal request, 
and the supply immediate and abundant, and where the tax is so 
heavy as to restrain consumption, no present loss need be apprehended 
from a remission of part of the tax, and a very speedy increase of 
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revenue may be expected. Sugar is an article of this description. It 
has become a necessary of life as well as a favourite luxury. There 
are scarcely any limits to the supply that could be cr , and the 
present duties add materially to the price and check consumption. As 
a proof of the suddenness with which the consumption of foreign 
sugar might be expected to increase if the excessive duty were reduced, 
we may refer to the effects of equalising the duties on East and West 
India sugars in 1836. In that year the duty on East India sugar was 
reduced from 32s. the ewt. to 24s. In 1835 the quantity imported 
had been 147,976 ewts, ; and in 1837, one year only after the change, 
the import had increased to 302,945 cwts.; in 1838, to 474,100 cwts. ; 
and in 1839, to 587,142 cwts. As the tax was diminished only by one- 
fourth, and the consumption was immediately more than doubled, the 
revenue at once gained considerably by the reduction of duty. The 
duty now varies from 18s. 4d. to 12s. 6d. per cwt., according to the 
quality, and the importation in 1859 was 7,426,791 cwts. ; the quantity 
retained for home consumption was 8,847,119, on which the duty was 
7,291,089/., and the estimated value 12,516,757/. 

A financial experiment will serve to show how little an increased 
revenue can be depended upon as the result of an augmentation of 
taxes upon articles of consumption. In 1840 an addition of 5 per cent. 
was made to all the duties of customs and excise, and a proportionate 
increase of revenue was anticipated, but not realised. The net pro- 
duce of the customs and excise in the year ending January 5th, 1840, 
amounted to 37,911,506/ The estimated produce for the year ending 
January 5th, 1842, was 39,807,0811., 1,895,575. being expected from 
the additional 5 per cent. The actual increase, however, was only 
206,715, or little more than 4 per cent. instead of the 5 per cent. 
which had been expected. This result was undoubtedly in part caused 
by a general stagnation of trade, and by the consequent distress which 

revailed in that year; but we notice it because the principle of an 
indiscriminate augmentation of existing taxes, without reference to 
their present amount, character, and circumstances, is very unwise. 

We have said that experience alone can show the precise rate of a 
particular tax which will not affect consumption and will at the same 
time discourage smuggling. It must be presumed that existing rates 
have been fixed in order to secure these results, and that they are justified 
by experience. To add to them, therefore, not because they are in- 
sufficient for their immediate object, but because a general addition 
to the revenue is needed, is to neglect experience and to disturb the 
proper relations between the amount of tax and the value of particular 
articles. During the last century it was a common financial course to add 
a general per centage of increase upon all the customs’ duties whenever 
the revenue was found to be insufficient for immediate purposes. To 
this unwise policy must be attributed many of the strange anomalies 
which formerly existed in the British tariff. Any recurrence to so 
clumsy a mode of taxation should be avoided. The tax upon each 
article ought to be adjusted by itself upon sound principles, and then 
should not be changed merely to save the trouble or to avoid the un- 
popularity of selecting particular articles for increased taxation or of 
inventing new burdens. ; 

Protective, Discriminating, and Prohibitory Duties—The legitimate 
object of taxation is that of obtaining a revenue in the least injurious 
manner for the benefit of the community; but this object has con- 
stantly been overlooked for the sake of ends not fairly to be accom- 
plished by taxation. Legislature should endeavour to encourage 
agriculture, trade, and manufactures; and it would be culpable to 
neglect any proper means of encouragement, which are not only 
beneficial to particular interests, but add to the general prosperity. 
Unfortunately, however, the zeal of most legislatures upon this point 
has been misdirected. They have seized upon taxation as the instru- 
ment of protection and encouragement; and, using it as such, have 
injured the great mass of their own countrymen, and ultimately have 
failed in promoting the very interests they had intended to serve. When 
the system of protection has existed, severe injuries and even injustice 
are inflicted whenever an attempt is made to undo the mischief which 
has been done. Reason and experience unite in teaching the impolicy 
of protective taxes; and, in our own country, this impolicy was 
acknowledged by the acts of 1846, which regulate the trade in grain, 
meal, and flour, and other articles, 

The object of a protective duty is to raise artificially the price of the 
produce or manufactures of one country as compared with the produce 
or manufactures of another. A heavy tax easily effects this object, 
and thus prevents competition on the part of that country es ate 
commodities are taxed, and establishes a monopoly in the supply of 
those commodities in favour of the parties for whose benefit the tax 
was imposed. The revenue, the avowed object of a tax, so far from 
being improved, is here actually sacrificed by the exclusion of merchan- 
dise, which at moderate duties would fill the coffers of the state. The 
state clearly is a loser; the foreigner, whose goods are denied a market, 
isa loser. Who then gains by these losses ? Not the consumer; for 
the more abundant the supply, the better and cheaper will he find 
the market; but the seller, who is enabled to obtain a high price for 
his wares because he has a monopoly in the sale of them, is the only 

ty who gains. The community at large suffer doubly: first, by 
aving to buy dear instead of cheap goods, or by being denied the 
use of them altogether; and, secondly, by being obliged to pay other 
taxes which would not have been required if the very articles which 


would have made their ——_ cheaper had been charged with a 
moderate impost. Even the sellers, for whom all these 

made, do not derive the benefit which might be expected. 

goods which they sell themselves, indeed, they are gainers 
purchasing of other monopolists they lose by an artificially high price, 
like the rest of the community. It constantly happens too, that 
although the prices at which they sell are high, their profits are 
duced, by the competition of others selling the same articles, to 
general level of profits throughout the country. When this is the 
case, all parties, without exception, are losers—the state, the commu- 
nity, and the monopolists. 

Protection may be accomplished by actual prohibition of the import 
of particular articles, by exorbitant duties which amount to prohibi- 
tion, or by such duties only as give the home producer an advantage. 
Duties may also discriminate between the mad wie of different coun- 
tries, and give the preference to some, to the injury and exclusion of 
others. In this country all these modes of protection have been 
resorted to: but their impolicy has been recognised by i 
which, within the last few years, has advanced rapidly in the adoption 
of a more sound system of taxation. [Tanrrr.] : 

Duties are called discriminating or differential when they are not 
levied equally upon the produce or manufactures of different countries. 
The object of them is to give an advantage to the country on whose 
commodities the tax is lightest, as compared with others. To obtain 
such a preference has been the object of various negotiations and com- 
mercial treaties between different states, as it opens extensive markets 
tothe industry of the favoured nation. By the commercial policy of 
England the principle of discrimination may be said to: have been 
confined to the protection of our colonies against the competition of 
foreign countries. As regards each other, all foreign countries enje 
equal commercial advantages in their intercourse with : 
has been contended that colonies form an integral part of the mother- 
country, and that the commercial intercourse between the several 
of the British empire ought to be viewed as a vast coasting-trade, but 
now foreign vessels are admitted: to this trade in England, although 
foreign nations refuse to adopt the like practice. If this principle were 
acted upon, it would certainly present a grand fiscal union worthy of 
admiration. There were two great articles of pre. sugar and 
timber, upon which the discriminating duties have most mis- 
chievous in their results. These discriminating duties have been 
abolished. Those on sugar have been noticed. ose on timber were 
reduced in 1847 and 1848, and in 1860 the difference between foreign 
and colonial timber was abolished, and 1s. per load only is imposed 
on all, 

Export Duties.—Duties levied upon goods exported to foreign 
countries are ultimately paid by the foreign consumer, and thus have 
the effect of making the subject of one state bear the burdens of 
another. However desirable this may appear to the state, whose 
treasury is enriched at the expense of foreigners, the expediency of 
such duties will depend upon peculiar circumstances, and great nicety 
is required in the regulation of them. If a country possesses within 
itself some produce or manufacture much in request abroad, and for 
the production of which it has peculiar advantages, a moderate export 
duty may be very desirable. In this manner Russia, which almost 
alone supplies tallow to the rest of Europe, derives a considerable 
revenue from an export duty upon that article. Upon the same 

rinciple a duty upon machinery exported from Great Britain would 
ve been politic. British machinists far excelled all others in skill 
aud ingenuity, and foreign manufacturers were willing to pay almost 
any price for their machinery. Notwithstanding the prohibition, 
large quantities were smuggled abroad at an enormous cost, but the 
difficulty and expense of evasion were so great that foreigners had 
latterly almost confined their purchases, in this country, to models and 
drawings, and made the machinery themselves, with the assistance of 
British artisans, whom they enticed abroad by er wages. 

The partial relaxation of the prohibitory law in 1825, by gran’ 
licences to export certain kinds of machinery, showed the extent to 
which the trade might have been carried under a more liberal — 
ae 
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The official value of machinery exported under licence in 18 
593,064/., in addition to various tools allowed by law to be 
which no account was taken. The restriction is now removed, and the 
declared value in 1859 amounted to 2,562,934/. 

Though moderate export duties upon articles of which a coun’ 
has almost the exclusive supply may be advisable, heavy duties 
check the demand abroad in the same manner as they the con- 
sumption of commodities at home, In the same manner also they are 
injurious to trade and bps sy orn to the revenue. 

All duties, whatever, id be avoided upon the export of produce 
or manufactures which be also sent from other countries to the 
same markets, They would discourage trade and offer a premium to 
foreign competition, 

Although the temptation is great to shift taxes from one country to 
another by means of export duties, this temptation is equally great in 
all countries; and if their several  sroorage should be actuated by 
the desire to make foreigners contribute to their revenue, their oppor- 
tunities for carrying out such a system would probably be equal, and 
thus retaliations might be made upon each other, which, after all, 
would neutralise their efforts to tax foreigners, and leave them in the 
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position as if they had been contented to tax none but their 

Tn this power of retaliation lies the antidote to the 
being forced to bear the burdens of another as 
well as its” Every state would naturally resist such an impo- 
sition upon its subjects, and export duties can therefore only be 
safely resorted to in such peculiar cases as we have noticed, where 
foreigners are willing to pay an increased price for commodities which 
must have, and which they cannot obtain so good or so cheap 

other 


cat aay pi merits: pr hare mma = levy 
of taxes upon the property o: church and of the c' : e pope 
once claimed in all countries the first year’s whole profits and the tenth 
part of the whole annual profits of every ecclesiastical benefice. These 
were called “ First-Fruits and Tenths” [First-Fruirs ; Tentas], and 
were, for the most part, paid willingly by the clergy to their ecclesias- 
tical superior. The popes founded their claim upon scriptural te 
and practice, from the time of Melchizedek. The pope his 
collectors in every diocese, who sometimes by bills of exchange, but 


generally in specie, yearly returned the tenths and first-fruits of the 
clergy to Rome. 

But while the were thus liable to taxation by their ecclesias- 
tical head, it was ined by the Roman Catholic church that their 
property enjoyed-complete immunity against all claims of temporal 
powers, being set apart for the service of Pip cherbeey vevegcelpaartd 
of the Christian church, and for works of charity. Upon this point 


frequent contests very naturally arose, and the vast possessions of the 
ree 8 pope and temporal princes by various modes to 
exact ibutions from the clergy. The means resorted to by these 
powers to raise a revenue from the clergy, and the laws and 
customs that prevailed upon the matter, may be conveniently stated by 
dividing the subject into— 
1, Taxation of the church or clergy by the pope for ecclesiastical 
2, By temporal princes for the service of the state. 
1. i daa sins tor nd moses salishedl with the regular cottributions 
of the clergy, but continually applied to them for extraordinary funds 
for jal purposes. In 1199, Pope Innocent III. issued a bull com- 
the prelates and clergy of the Christian church to pay the 
their revenues to defray the exp of a crusad 
have been the first attempt to impose a tax on the 
the authority of the pope as head of the 
i e frequent ; and in 1225 the pope enter- 
tained a project by which the revenues of two prebends in every cathe- 
aad the portion of two monks in every monastery, in all the 
granted to the pope for te better support of his dignity. Whon thi 
to ‘or support of his dignity. en this 
project was laid before the parliament of England in 1296, they evaded 
a answer to the papal | , by alleging “that this affair con- 
cerned all Christendom ; and they would conform to the resolu- 
tions of other Christian countries.” ilkin’s ‘ Concilia,’ vol. i.) 
Two years 
induce the pope 
of an archbishop to the see of Canterbury, recently vacant by the death 


pope a contribution his clergy, which origina’ 
the pope; and, secondly, a tax was to be levied upon the laity, not for 
the service of the state, but for the benefit of a foreign ecclesiastic. 
strangeness of the circumstances, however, did not prevent the 
pope from taking immediate advantage of the king’s offer, and he 
accordingly sent. a legate into England to collect the tenths, His 
ith some opposition, chiefly from the barons, but the 
together were too powerful to be resisted. In the 
reign the pope's legates were constantly demanding presents from 
ies, and clergy, and convening assemblies of the 

no other object than to extort money. Their proceedings 
Maal Spacaic seach ouidore $0 toe. weston 

inging any bulls or mandates from 
himself out of the 


have been enormous, and the histories of 


onstrances against papal 
the parliament in 1307 (‘ Statute of 
i a beens xr ns cantons of 
see of Rome, but apparently wi' good results; for seven 
afterwards we find the in parliament still reolaating 
the In Abe gi Speen} to = king 
grievance, asserted “ t e taxes paid to the 
of Daleks cnsaed to five times as much as the Eisen 
king.” (Cotton's ‘ Abridgment.’) 
complaints continued long after this period, no measures 
were effectual in limiting the demands of the court of Rome until the 
’s authority was altogether suppressed in England at the Reforma- 
in the reign of Henry VIII. 
2. The immunities claimed by the church were not effectual in pro- 
its revenues from being laid under contribution for the service 
of the state. The kings of , sometimes by the pope’s authority, 
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sometimes by forced or voluntary compliance on the part of the 
church, and sometimes by their own direct power, obtained large sums 
from the clergy. 

William the Conqueror found the church very wealthy, and subjected 
it to much spoliation. A singular occasion for taxing the clergy arose 
in the reign of Henry I., a.p. 1129. An ecclesiastical council, assem- 
bled at London, denounced all married clergymen, and decreed that 
they should put away their wives. The council committed to the king 
the execution of their decrees; but he, instead of compelling the 
clergy to send away their wives, imposed a tax on those who chose to 
retain them, which is said to have been very productive. 

The pope was not unwilling to assist in oppressing the clergy for the 
benefit of kings, when they were inclined to further his own objects, 
either by undertaking crusades, carrying on wars against his enemies, 
or making concessions to him. He would not suffer the immunities 
of the church to be infringed by the temporal power, but often placed 
at the disposal of princes the revenues of the church by his own 
authority. Thus, the pope, by virtue of his apostolical power, granted 
King rrp | IIL, by several bulls, the goods of all clergymen who died 
intestate, the revenues of all vacant benefices, and of all non-residents. 
In 1288, Pope Nicholas IV. granted the tenths to King Edward I. for 
six years, towards defraying the expenses of an expedition to the Holy 
Land ; and in order to collect them at their full value, a taxation by 
the king’s precept was begun in that year, and finished, as to the pro- 
yince of Canterbury, in 1291, and as to that of York in the following 
year, the whole being under the direction of the bishops of Winchester 
and Lincoln. This taxation is a most important record, because all 
the taxes of the church, as well to the kings of England as to the pope, 
were afterwards regulated by it until the survey made by Henry VIII. ; 
and because the statutes of colleges which were founded before the 
Reformation are also interpreted by this criterion, ing to which 
their benefices, under a certain value, are exempted from the restric- 
tion in the statute 21 Hi VIII. concerning pluralities. (‘ Preface 
to Taxatio Ecclesiastica, P. Nich. IV., by the Record Commissioners.’) 

In 1295, Edward, notwithstanding the pope’s grant, and numerous 
exactions from the clergy in the meantime, hee still in great need of 
money to on his wars, summoned deputies from the inferior 
clergy for the first time to vote him supplies ag their own body. In 
the preceding year he had, by threats and violence, exacted a tax of 
half the revenues of the clergy; but now he thought it prudent to 
obtain their consent to his demands in a more regular manner. The 

, however, would not obey the king’s writ of summons, lest they 
should appear to acknowledge the temporal power; and in order to 
overcome this objection, the king issued his writ to the archbishop, 
who, as their spiritual superior, summoned the clergy to meet in con- 
vocation. (Gilbert's ‘ History of the Exchequer.’) 

This was the commencement of the constitutional practice of the 
clergy meeting in Convocation at the same time as the Lay Parliament, 
and voting subsidies by its own voluntary act for the service of the 
state. It was not viewed without alarm by the pope and the high 
church dignitaries ; and in order to put a stop to all such exactions of 
princes from the clergy, Pope Boniface VIII. issued a bull in 1296, 
which forbade churchmen of every degree to pay any tribute, subsidy, 
or gift to laymen, without authority from the see of Rome; and de- 
clared that if they should pay, or princes exact, or any one assist in 
levying such unauthorised taxes, all such persons respectively would 
incur ee sentence of excommunication. (Rymer’s ‘ Foedera,’ vol. i., 

2. 

i the same year, however, Edward I. demanded of the clergy a fifth 
of their sagvelbten, which they resisted, on the ground that they could 
not disobey the pope; but the king was not inclined to desist ; ahd in 
order to force the acquiescence of the clergy, he put them out of the 
pale of the laws. Orders were issued to the judges to hear no cause 
brought before them by the clergy, but to decide all causes in which 
they were sued by others. The clergy could not long resist these 
oppressions ; and although unwilling to disobey the papal bull, they 
evaded it by voluntarily depositing a sum equivalent to the amount 
demanded of them in some church, whence it was taken by the king’s 
officers. In this expedient the whole ecclesiastical body acquiesced, 
and thus yielded up their spiritual privileges, under coercion by the 
temporal power. 

At the Reformation, the chief source of revenue to the pope, namely, 
first-fruits and tenths, was transferred to the king “for more aug- 
mentation and maintenance of the royal estate of his imperial crown 
and dignity of supreme head of the Church of England.” (Stat. 26 
Henry VIIL., c. 3.) In order to collect this revenue, a court of first- 
fruits was established, and the king ordered a valuation to be made of 
all the epi sees and benefices in England. The book which con- 
tains this. valuation is called the ‘ Liber Regis.’ The first-fruits and 
tenths continued to form part of the royal revenue until Queen Anne, 
by the Act 2 & 3 of her reign, c. 11, gave up the proceeds thereof on 
the part of herself and her successors, and assigned them for ever to 
the augmentation of poor livings. , 

It now only remains to notice more particularly the practice of 
taxing the clergy in convocation, which continued in full force till the 
reign of Charles II. It had afforded the kings of England a lucrative 
revenue from the church, Their influence as heads of the church, and 
as having ecclesiastical preferments to bestow, was very great after the 
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aeeeet ate | 1664-5, by which the Commons have ever 
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in the same manner as upon the laity. 
TAXES. The pleat: 5 tre character, and principles of taxation 
and of ay classes of taxes, are treated of under the head ekg 


articles of consumption ; ining ot nly auch tsa re Pid 
the general government, but also all municipal and local assessments or 


contributions. 
United Kingdom, 
The chief sources of revenue will be seen by the following statement, 
made up to December 31, 1860. 
Gross Receipts. 
» $23,032,395 
19,069,000 
8,285,258 
3,126,000 
12,901,816 
3,420,000 
289,568 
1,843,457 


Total revenue  . . « . 871,967,494 


From which the salaries, &c. of the revenue departments, amounting 
to 4,509,402/. has to be deducted as the charge for collecting; of this, 
the Post Office expenses for management in 1859 was 1,851,9530. The 
remainder, 2,657,449/.,, gives an average of less than 9d. in the pound as 
the og of collection. 

The assessed taxes are the house-tax, the tax on male servants, 
taxes on carriages, on horses, on dogs, armorial bearings, horse-dealers’ 
pe 2k game duties, stage-coach duties, and duties on eon- 
veyed for hire by travelling on railways. 1840 (3 & 4 
ene 17) 10 per cent. additional was im on all the assessed 
taxes. The income-tax was imposed April 5th, 1842, for three years, 
and was then renewed for another three years, and has been cont ued 
at varied intervals ever since. For 1860 it was imposed at 10d. in the 
pound ; for 1861-2 it is proposed to reduce it to 9d. in the pound. 

Bachelors, Roman Catholic cle: en, pay an additional 
duty of 1/. on male servants. [Bacuetor.) The charges for game 
duties are stated under Game Laws. The duty on passengers con- 
veyed for hire by carriages travelling on railways is 5 per cent. on 
the gross amount of the fares. As to the duties on stage-coaches, see 
Stace-CaRRIacE. 

To these ag erro poe —_ be added the following local 


assessments in England and 


Poor-rates (which includes county, nee and 
police rates, 700.0001.) . 

Church-rates (average of seven years) . 

Additional voluntary contributions . . . 

Highway-rates . . 1,949,817 

Tarnpike-tolls (England and Wales) + 1,031,050 

Metropolitan local management . . ° + 159,886 


The rates levied for local management could not be ascertained, but 
including poors-rates in Scotland and Ireland, in the ee 
sentments in the latter country, the whole is 
avowedly imperfect, laid before parliament, at 15,171,6461, : 1860. 

The tithes of Great Britain and Ireland are said to amount to 
4,000,0002. 

There was published under the direction of the Poor-Law Com- 
United Kingdom, containing » Digest of the Law with « Suiomary of 

containing a of the Law with a 

na ar pend I Pigs aac. freee vg Local Taxes in England, 
Scotland, and Ireland.’ Eng! includes Ej d and Wales. It is 
remarked in the Introduction that “ these Taxes are of two kinds : 
the rates raised in defined districts; and the tolls, dues, and fees paid 
for particular services or on certain occasions, But those rates only 
will be here noticed, which are authorised b: statutes or the 
common law; excluding such as derive ir origin from 

oo ae The rates are divided into three classes. I. 

of independent districts, on the basis of the poor-rate. II. Rates of 

independent districts, not on the basis of the poor-rate. III, Rates of 

districts, on the basis of the -rate. No. I, comprehends 

Poor Rate. 2, The Workhouse Building ye 3, The 
Garvey eal Valsahion aba 4, The Jail Fees’ Rate. The Con- 
stables’ Rate. 6, The Highway ‘Rates (three). 7, The Lighting and 
Watching Rate. 8, The Militia Rate. No. II. comprehends—l, The 
Church (three). 2, The Sewer Rate, 3, The General Sewers’ 
Tax. 4, The Drainage and Inclosure Rates. 5, The Inclosure Rate. 
6, The Regulated Pasture Rate. No. LIL comprehends—Counties, 1, 
The County Rate. 2, The Police Rate, 8 The Shire Hall Rate. 4, 


Customs . . ° ° . 
Stamps . . . 
Taxes (land and assessed) . . he 
Property tax . ° . . . 
Post Office . . . . . . 8 
Crown lands > . . > ° 
Miscellaneous. . . . es 


8,188,880 


261,716 
269,550 


The Lunatic Asylum Rate. ag es Rate.—Hundreds, 6, The 
Hundred Rate.—Boroughs, 7, The Bo Rate. 8, The Watch 
Rate. 9, The Jail Rate. 10, The Rates. 11, The Lunatic 


og a Rate. eg nly Museum Rate.—-Counties and Boroughs, 13 
The District Prison Rates, 4 


The Local Taxes in Scotland are distributed by Mr, Burton under 


the follo — 
I. Adminstration of Juste, which indus Criminal Prosecutions, 
Rural Police, Town Police, Prisons. 

II. Internal Transit, w 


udes Commutation Roads, 
Roads, Highland Roads and iL Bavigntion, Iv. 
Economy, which be ig Direct Munici, 
Miscellaneous Burdens. V. Relief of the Poor. 


Education, which includes The Church of Scotland 
gy Taxes. 


pormagerpey or Regpemnone yn psereligticse i 

Shs saeosionse saat gives by Me. tears The sum of 956. wie 
rth Local Rates levied in Ireland are distrib 

heads in the work published under the direction of the Poor-Law 


Commissioners, 
I. Grand J Cen Se Ee eee Oe ee 
towns 


5 cities 
II. Poor-Rates (in 130 Unions, comprising every townland and 
Ill. Lighti MGheomine, aah Wortinn Rates (in all cities, dogs: 

; and which may adopt the provisions of 
statute). 

£ Ps tn SH ge 2 at 


VS. Raton for deverted chikiren (in all parishes in Ireland, exoept 


those in the city of Cork). 
VIII. Ministers’ Money (in cities and towns in Ireland). 
IX. Board of Health Rates (in parishes in whieh the lord lieutenant 
shall direct officers of health to be i 


appointed 
“Besides the above rates leviable under — acts of parliament, 
ao 5 cad leviable under special acts 
r » 
Information about the several taxes of European 
in the Parliamentary Paper, No. as - 1842, ordered by the House of 
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consequences of the celebrated theorem, the ees which is 
fy 


Bai 


in the article Tavtor, Brook, in Broa. Div, The nae 
Differential and Integral Calculus will be presumed known, 
usual in works on that subject to we 
most icuous theorems w have arisen out of that of Taylor 
which es it the more desirable that such a thing should be 
pay mae Peake of de’ samen pares 
o not here profess to subject velopment, but 
recall the steps of the several ta thoes whe hose ca 
learnt them, and to present the theorems in a form which can be easily 
referred to. 


As to notation, we shall frequently signify differentiation by accents 

thus "x is the second differential coefficient of ox with to 

(gave) is the third differential coefficient of the product of ow and 
n, 


5285 


"| de. And [n]} will th uct 1x2x3x sis. 1)x 
Wer. {n] signify the prod ehsg th x (n— Woes 


cerprahel when a series is written, three 
e general term appended. 
Taylor's theorem is as follows :— 


o(@ + kh) = ox + oz. hegre y+ ho { omer} 


This theorem is true whenever x has such a value that—1. No one 
of the set oz, ox, &c. is infinite. 2. All of them do not vanish. Thus 
neither of the following could be allowed to be treated by it when 


“=a:— 
V(e2—a®).log2 and en(e-a=}, 


allow th 
ttt re a 
convergent : uchy ways 

happens te be small enough. 
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In the Penny Cyclopedia’ we gave a comparison of five proofs of 
Taylor's Theorem. This was twenty years : since which time 
character of elementary works has The Penny Cyclo- 
pedia being still perfectly accessible, we think it will be best to confine 
to a statement of the best form of the 
be a variation and amendment, by Mr. 
_ Homersham Cox, of Cauchy's proof, which may be seen in De Morgan’s 

Differential Mr. Cox’s proof was first published in the 
Cambridge Mathematical Journal, vol. vi., p. 80. 

From (a+) subtract any number of Taylor’s terms, and one more 

ith an undefined constant, and write this down with as many dif- 
ferential coefficients as Taylor's terms: as in 


fF a e we a va 

P 9(a+v)—ga—9'a v— g"aG —¢ 45-3-°s 7304 
2 3 
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R ¢'(a+v)—¢'a—o”av—cC a 


8 ¢"(a+v)—¢"a—cv 
tT 9"(a+v)—c. 
these vanish with v, except the last: choose for c that value 
which makes the first vanish when v=h. Let px be such that oi x 
consequently gx, 9'x, px, ¢/’x) does not become infinite from 
“=atoz=a+h, Now remember that a function which vanishes in 
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___ If the remainder term diminish without limit as n increases without 
limit, Taylor’s series gives a true development. 


y=F (c+ apy)... .(a) 
expansion of ¥y, when possible, in powers of z. Since 
preceding equation, a function of x and z, if z be constant, 
and we differentiate with respect to z, and then make z=0, or y=rz, 
‘Se 4 


dy rear! 
an =F +70) {oy+ apy Zh whence 


dy _ ,W\ dy dy 
ae w (s-+apy) {1 + ory SE} d= Wa 


Let w be a function of y only, that is, not of x or z except as those 
f ioe scatteinad ny. then : : 2 


du dy du dy du du 
dy 42 = 9 dy dz * de = de 
‘From this equation only it may be shown (by Ixpuctton) that 
@y de 


du 
. de = at (OZ 
. as follows, Assume the preceding to be true for one value of n, and, 


since (gy) * x du : dy is a function of y only, let it be dv: , v being 
another function of y. fees as 


Gu _ de (do dyy _ dee 

da* ~ dz (ze ) = de 
d*+1u d™ dv dv dw dy 
dart = de {For gy de? © OY dy az? F 


du d; d 
oy (ou Ze SE, or (oye Sb 


whence the theorem remains true after writing n+1forn. But it is 
true when x=1; therefore it is true for all values of n. If then we 
make «=0, or y=¥Fz, which may be done before the differentiations on 
the second side of the equation, we have (wu being wy) 
dy a dre 
ip eA 0) } coat f { (pF2)" 

Apply this to Maclaurin’s Theorem, and we have Laplace’s Theorem, 
namely, 


y =¥ (¢ + xy) gives yy = 
d x 
Wrz + ( ore HE) 2 + F ( (one? SE) E+, te. 


at dyrz| x 
the general term, 75-7 { (pRz)" wat fn] 


Lagrange’s theorem, from which Laplace generalised, is the case in 
which rz=x; namely, 
d 2 
Te ( (2)? ¥:) Z + ke. 


qe 
the general term qi { (o2)" Wz ha 


age? 2 Age 2 
Y=2+¢2.0+ —T- F + Ga 273 tke. 


’s Theorem leads to Burmann’s Theorem (presented to the 
institute in 1796). The second is in fact the same as the first, though 
very different in form, and arrived at independently. It is required, 
when possible, to vx in powers of oz. This might be done 
i , by expan: voz in powers of «, and substituting o< for 
« in the result. The form in which Burmann obtained Lagrange’s 
theorem avoids the indirect process.- Let ox vanish when z=a, and 
let gx = (w—a) : xx, or L=A+ 92. xz. e can now employ La- 
grange’s theorem to expand Wx in powers of ¢, and we have 


d 2 
yo = Ya + xay'a. pe + 7 ( (xa)? ve) is2) +, ke, 


Now the general term of this has for its cvefficient the value of 
Fos ( oor ve) or Fea { (GE) v2} 


when =a: consequently yr, expanded in powers of $2, is found by 
making x=<a in the coefficients of the powers of px in the following 


series :— 
z—a dfjxr-—ay , (per)? 
ons {at ve} e+ {E((Ge) ve ) |S + ae 
When, in a function of any number of variables z,, x,, &c., the varia- 
bles are severally to receive increments h,, h,, &c., the law of the 
development is best seen by the calculus of operations. [OprraTion.] 
To change x into +h is to perform the operation e, p being the 
| each of differentiation with respect to #: the condensed form of the 
evelopment now before us is 


y == + aby gives yy = $2+ (G2y/2)e + 


MPa Hyde tees Pay, By) 00s) 


where D,, D,, &c, refer to x,, x, &e. The general term of the develop- 
ment is 


(A.D, +hgDy+.++-- )* 
eta ales, bo.) 

which must itself be developed. It is not worth while to pursue this 
case further: we shall only observe that when it is desired to stop, 
the remnant may be obtained by writing in the last term 2, + 0h, for 
aes a> My for z,, &c., where @, the same in all, is either 0 or 1 or 
between them, 

The value of x which makes ¢x=0 is represented by 


& _ g'92 — (39"— g'b'")g? _— (159"2—10g'g"g"” + d2pN)o* 


o— oI — ays 2.39% 2.3.49" 
__{1059"*(9"—9'9") + 1099" + 15'9'b"—9'"9 Jo" _ go, 
2.3.4. 6g 


where a is any assumed value (the nearer the root the better) and 
%, ¢', &e. represent pu, o’a, &c. This series is obtained by common 
reversion from ¢(a+h)=0, For the forms which Paoli gave to this 
series, and also to Burmann’s, see Lacroix, vol, i,, pp. 806-308, The 
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pee te has been used, as far as three terms, in the article 
PPROXIMATION. 


All that precedes is found in elementary treatises, with the Sen ga 
of a few terms of the last series: we now come to matter which has 
been hitherto only the property of the well-read mathematician, but 
which well deserves to be made as common as Taylor's Theorem. We 
refer to Arbogast’s method of derivations, [Ansocasrt, in Broo. Drv.) 
Few, even among mathematicians, are aware of the power of this 
process, which may arise from their taking Lacroix's account 
of it, instead of the work of Arbogast himself: the former 
has only exhibited it to show that it may be reduced to processes of 
the differential calculus; and even the latter has so loaded his method 
with heavy applications, that he has concealed much of its beauty and 


sim) le 
e foundation of Arbogast’s methods is a contrivance for expediting 
the expansion of 9 (a+ bx + cx*+ ....) into a series of the form a+ Bx 
+cx*+,..... The process by which 8 is formed from 4, c from B, 
&c. is uniform, and is called derivation ; and a being ¢a,B may be 
called na, c may be called pp¢a, or D*pa, and so on. Hence } ought 
to be called pa, c ought to be p*a, and soon. This notation is not 
that of Arbogast, but will do for our purpose. For more 
,* see the Differential Calculus (‘ Library of Useful Knowledge’), 
pp- 328-334. 
If, for a moment, we write the expansion thus— 


o(a,+a,2+a2°+ &.) =a,+aetas?+ ke. 
and if we differentiate both sides with respect toa, 2 and all the 
other coefficients remaining constant, we have 


d. da. 
¢ (y+ 0,2 + ke.) 2 = a = das * +» %. 


which shows that a,, cannot enter any coefficient preceding Am, or 


dan dans, 
’ --_ 
$' (a, + a," + &e,) daa 7 die x +, ke. 

The first side of this is the same series, whatever letter a,, was made 
hae’ er second side is therefore always the same series ; whence 
we that da.,,: da, does not alter with the value of m, being 
always the coefficient of z* in the development of ¢'(a,+ 4,2 +, &c.). 
It is enough to satisfy this condition for each letter and its preceding 
one ; that is to say, each coefficient differentiated with respect to any 
one letter, is to yield the same result as the directly preceding co- 
efficient differentiated with respect to the directly preceding letter. 
The following rules are found sufficient. To pass from any one de- 
rivative of ga to the next, reps the letters a, b, ¢, &c., or dy, @,, 
&c., whichever may be used, in order, in every term; differentiate wii 
respect to the last letter in each term, and multiply by the letter 
which comes next to it. And when the last but one immediately 
“precedes the last in the alphabet or other consecutive system, do the 
same with the last but one, and divide by the exponent of the last 
letter, as it becomes after the increase which it receives from the 
ote el perp! letter; but in no case use any letters but the 

or the last but one. For instance, beginning with ga, in which is 
only one letter, we have ¢’a . b, or 


p¢ea=¢'a.b; 
in which are two letters, a and }, consecutive. Operate upon }, and 
we have ¢’a.c; o on ¢’a, and we have again ¢"a.b, which, with 
the 6 which was in before, is ¢"a.b?, which we divide by the new 
exponent of b, or by 2, whence 5 
D*pa = d/a.c + ore. 
_In forming D'pa, we use only cin ¢’a.c, because @ does not imme- 
Fares precede c; and we get (the succession being a, b, ¢, ¢, f, 9, h, 
? 
= NOP 
D'ga = ¢'a.¢+ 2 . 2he + 273 3 


and soon, As soon however as the law is established, it 
form a table of the successive derivatives of the 
same liw: we then have 

oa oa 


D* ga = gap) + “> De? b* + g—Z D* 3 + he. 


is 
powers of b by this 


as far as Bye 


in which ¢’a, pa, &c. are to be taken from the function by common 
differentiation, and the derivatives of the powers of 6 from the table. 
This being done, we have 


ola + bx + cx® + e259 + fa + g2z5 +, ke.) = 
$4 + Doa.x+ D'pa.2* + Dopa, a +, Ke. 


and the process is shortened to its utmost extent; all that is not 


* There is a great deal on the subject in the ‘ Mathematical Treatises’ (post- 
humous) of the Rev. John West, published at Edinburgh in 1838. Mr. West 
has substituted a notation, for that of Arbogast, in which he will probably have 
few followers, The student who is not repelled by this, and cannot procure 
Arbogast’s work, will find West's treatises abounding in derivations, 


Senne bing may heer ee ey ee 


pb=c 
Db=h 
Dd=n 


Db=e 
pb=k 
pb=p 


Db=f 
Db=l 
DY b=q 


Dib=g 
Db=m 


2ef 
pb? = 2bh + 2eg + 
Tb = bE + Sekt 2p + 
Db? = bl + 2ck + Wh + 
p*t? = 2hm + Qel + Qek + 2h + G* 


D°l? = Qhn + 2om + Bel + 2k + 2h 
Dp! = Qhp + 2en + Zem + 2 + Igk +h? 


+ + Obef + 8c°f + 3ce* 

DA = 3k + + 6heg + 3bf? + 3e°g + Beef +e 

DB = 3b + Chek + + 6, apes Pay ed! 

DF = 362m + 6bel + Obek + 6bfh + 3bg*? + + Coeh + Befy + 8€y 


+ Bef? 
DY =3b'n + Bhem + Chel + CLfk+ Chgh + Bel + Bcek' + + : 
dha eafpoye fk + Shy + Gofh + Seg? 


pbi= 4c 

Db! = 43e + 67? 

Dib = 408 + 12b%ce + 4bc3 

Dib'= 4bg + 12b%of + Gb%e? + 12be%e + ct 

DU = 4h +1 + 12beef + 12be®f + 12bee* + Ache 

nyen ees +12b*eg + 6627/2 + 12be'g + QWdbeef + 4be3 + 4cif 
+ 

DIA = 4051 + 120? ck + 12b%eh + 12b%fy + 12berh + Wheeg + 1Wef* 
+ 12be*f + 408g + aire ts | 

D°'= 405m + 12b%el + 12b%ck + 12b*fh + Gb'g?+ 120% + Weck 
+ 24befg + 12be'g + 12bef* + Acth + 12c%eg + Gc*f? 
+ 12cetf +8 


pi = 5bte 

DP = 5hte + 1008c? 

DY = 5b + 20lce + 10b%c3 - 

ates n4 be SES 10b%e2 +- 300%c%e + Sbe* 

DD =5bth + 203 eg + BO ef + BO0L%2f + BOb%ce* + Were +5 

D'V=5btk + 20d ch + Wb eg + 1OLAF? + BOb*e%y + GO cof + 10K 
+ 20be3f + 80bc%? + Sete 

Db§= SUA + 2b ck + Wb eh 4-23 fg + BOCA + ete Oh 308 of? 
+ 800%e2f + 20bcly + 60bcef + 20bce8 + Sct +1 


pb? = 6b*c 

DD? = 6b5e + 15b*c 

Dib? = 6b5f + 80b*ce + 205 

Pgs” Silt he on Vg 15b%c* 

DP = 6b + 3 + 30btef + 60 2f + 60b ce + BOL% Ce + Bhe® 

Dt = 6k + 3 + 30D%eg + 15b*f? + 60b%c2g + 120 cef + 2018 
+ 60L%8f + 90b%c%e + 30bc%e + c® 


pb? = 7c 
p°b? = The + 2c? 
pvi= iy 420) ce + 35b4c3 


Dil? = 7)8g + 42 of + 21052 + 105b'c%e + 85034 
pti si + 42b%8ef + 105b'e%f + 105bceE + 140A 
+ 


pls = 8b’c 

DU = Bb7e + 28h%c? 

ae A Fay 

DU = 8big + 56UScf + 28b%e" +- 168d Pe + 70UAct 
pb? = 90% 


Db? =9b%e +367 
D®D? = OL8/ + 7 2bice 4+ BAUS 


Db™=10b% = v*H = 10% + ASU 
pb! = 110% 
To verify these results, observe that if we consider each letter as of 
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the first dimension, every term of p*b” is of the rth dimension; but if 
we consider each letter as of the dimension following :— 
ene es eS hktim an q 
723.45 6 7 &§ 9 10 Il 12: 


then every term of p*b" is of the (n+r)th dimension. To find out 
if all the proper terms be there, and with the pgs tga write 
down the number of ways in which » +7 can be le out of 7 num- 
bers. Thus, to verify this point for p’b*, write down the ways in 


which 10 can be made out of three numbers, namely :— 


8+14+1, 7+2+1, 64341, 6+2+2, 5+44+1, 54342, 4+44+2, 
44343; : 
take the letter answering to each number, in the above list, and 
multiply the letters of each set together, which gives 
UL, bek, beh, Ph, bfy, ceg, f?, &F, 
which are, coefficients excepted, the terms of p%J* in the table. To 


yerify the coefficients separately, observe that the coefficient of that 
term of p" br which contains the sth power, tth power, &c., is 
1.2.3.... (r - 1)r 
25268. 08K 1.2.3 ...8 X22 : 
. Thus, in p*b*, the term containing L*c*e ought to be multiplied by 
1.2.8.4.5.6.7.8 : 
sds do akan tt Oe ee. 


But the best general mode of verification is derived from the 
theorem 


1 dp" br 1 sdp* br 
Dp ae Db , or D*+1 Br-) = 3>(=- ; 
that is, having a certain derivative of a certain power, the next higher 
derivative of the next lower power may be found by differentiating 


with respect to 5, dividing by the exponent of the original power, and 
then performing the derivation, Thus :— : 


DY? =9b*f + 72b7ce + 84b%*, 
differentiate with respect to }, and divide by 9, which gives 
8b7f + 56b%ce + 560%C%. 
Now derive, which gives 
Shig + 56H cf + 28Uc* + 168b%c%e + 70)*c*, 


the same as is found in the table for n'+'J°-!. Here we verify the 
earlier result of the table from the later : to verify the later from the 
earlier, use the following :— 


-1 
pb =p er 1 4 ptr Sb +, he. 
r(v—1)..... (r—n+)) 


i 
E 
i 
d 
i 
i 
& 


op ert of those which other terms give. Tor instance, in 
term 


! 


it is the last letter; and from e¢ because, being the last but 
immediately precedes f in the series. We do not here use b 
: we did use them, we should only repeat terms 
come into p’}* from other sources. Thus :—60l*cef gives, 
i down in p%)*; from e, 60b°¢ff—2, or 

; from c, if c had been used, we should 
ich, on looking, we find set down, as 

. From 4, in 600?cef, had it been 
ame or 60bc%ef, which is also found, 
letter of 30bc*e*. If then we ever find that 

of the unused letters gives anything but what 
the letters which are used, it is a sign that some 


i expansions which analysts usuall, 
as much as possible, at almost any expense of efroamoperation, 


a 

FS by 
He 
E 

H 


i 
: 
F 
- 


the process in Revension or Serres is another. This last is done by 


x in powers of ax + bx? +, &c., by Burmann’s Theorem, and 

expansion of the negative powers of (a +ba + cx*+, &e.), 

which will be wanted, by the method of derivations, We shall state 
some further applications :-— 


(b+ cx +e22 + &e.)™ =o" + 0b", x +d". a? +, Ke. 


- When m is integer, these derivatives are in the table. {When 
b+cx+, &c., is a finite series, the whole result is brought out with 
great ease, compared with the trouble of the common algebraical 
npr lappa Alara rae every letter after the last in the 

series is 0, or the last letter of that series is not to be employed 
ARTS AND SCI. DIV. VOL, VIII. 


in derivation. Let the reader try for himself (b+ ca +x? +fx*)® by 
this mode and then in the common way, going only so far in the latter 
as to feel sure that the former is of no trouble compared with it. Let 
m,m = ; &e., be denoted by m, m,, &e. 
(a+ betex?+ &e.)"* =a" +mba"—le 
+ (mac + m,b*) a™—? x? 
+ (ma?e+ m,aDb? + m,b*) a™—-3.c9 
+ (maf +m,a*p*b* + m,anb > + m,b*) am-tat +, &e.; 
the law of which is evident, the only thing left being the substitution 
of the values in the tables instead of the derivatives of 6. This form 


is convenient for fractional or negative powers. The following case is 
worth exhibiting separately :— 


1 1 b l?—ae P 
atbet+, ke. a ett “es * 
. B—apl? + a*e L+—apb + a2p*b? — a8f 
- ne + ne wt —, ke. 


We have ayoided the formality of writing pb for c, p*b for c, Ke. 


A+Br+ ca?+, &e. A ab—Ba 


atict+e+, fo a @ * 
a(l?—ac)—sab + ca* 
A(#—anb? + a%e)—Ba (b®9—ac) + ca*b— Ea 
_ 4 )=ne ine +: 


The law is here evident enough ; the next numerator would he 
A(b*— ab + a2p*b*—a3f ) —Ba(b®—anb? + ae) + oa*(b®—ac) —Ka*) + Fas, 


The derivatives of the general term }" may be readily formed, but 
the particular cases are more useful ; see the derivatives of a™ in the 
_— form above given. We shall not overload this subject with 

urther examples : enough have been given to show those who require 
developments of some extent how much labour they might save. 

We shall conclude this article by recommending that the process of 
derivation should be introduced, without demonstration, of course, 
into elementary books of algebra, as one of the best exercises of simple 
algebraical i We are firmly of opinion that the arithmetician 
and the lyst should be trained early in the performance of ope- 
rations in which numerous details, each very simple in itself, follow 
one another in rapid succession with much sameness and some diversity. 
For this reason we should recommend, in arithmetic, Horner's process 
tee core and Evoxution]; and in algebra, Arbogast’s derivation. 

e proceed accordingly to divest this method of the phraseology of 
the differential calculus, and to put it before the elementary student in 


bra. . : 

The name of the process is derivation ; its primary object the 
raising of any power of an expression of the form b+ ca +ex"+fa+, 
&c., immediately—that is to. say, by writing down the result at once, 
without any but simple mental processes in passing from term to term. 
The rules are as follows :— 

1. Begin with that power of b which is to be raised. 

2. To pass from the coefficient of one power of x to that of the next, 
multiply each letter by its exponent ; then diminish that exponent by 
a unit; then introduce the next letter. And if this last process 


f | increase an exponent, owing to the letter newly introduced having 


been in the term before, divide by the increased exponent. But 
remember never to operate on any letter except the last in the term, or the 
last but one; upon the last always, upon the last but one when it 
immediately precedes the last in the original series b, c, e, f, &c. 

8. If b+cx+, &c., be not an infinite series, but a finite number of 
terms, operate as if the succeeding letters were severally equal to 0: 
for instance, if g be the last letter, drop every term in which / should 
appear, as fast as it arises. 

For example, the fifth power of b+cxr+ex?+f2*. Begin with b°, 
derive from it 5b*c, the two first terms are 1° + 5btc . «. 

To form the coefficient of 2, take 5é4c, and observe that b and c 
follow each other in the series, so that in the next derivation there are 
two processes. First, use ¢ or c!, the last letter, which by the rule 
gives 1c’ or e: so that derivation applied to the first power of a letter 
gives merely a change of that letter into the next: hence 5btc gives 
5b’e. But 04, which must also be used, gives 4b%c, and 5bic gives 
5(4b%c)c; so that ¢ becomes c*, and we must therefore divide by the 
increased exponent 2, giving 100c*. Hence the next term is 

(5b'e + 10036?) 


In the next derivation 5b%e gives only 5b4f, for b not immediately 
preceding e in the series 8, ¢, ¢, &e., is not used, But 106%? gives 


10(367e)c? 
100(2ce) + soemoe 

Next term (5b'f + 20B%ce + 100%c3)z', 

In the next derivation 5U4f must be neglected entirely, because f is 
the last letter, and 5 is not the one immediately preceding. Also 
20b%ce gives 200%ef and 20b%e+2, or 10b%e?; while 100%c* gives 30b*c*e 

; i 


, or 20D%ce + 100%e%. 


sete 


_o 
we 
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and 2x 10bc. <4, or 54ct, The whole value of (6 + ce + cx? + f2*)* is 
as follows, and a little practice would enable any one to write it down 
at once, without any intermediate operations :— 


+ Sthox + (5b + 10 c*).x* + (SU + 20B ce 4-100). 

+ (208 of + 100%e* + 30b*c%e + Sbe*)art 

+ (20K ef +3 b%c*f + 80b*ce* + Wbee + c*) x5 

© +(10B3/* + 60D ef + 106% + 20bc°F +3 + 5cte)x* 

+ (30b%of? + 80b%%f + BObe"ef + 20bce8 + Sctf + 10c%e*)a7 

+ (30b%ef* + 30% * + GObceBf + She + Beef + 10c%e8) a> 

+ (1Ob*#3 + 6Oboef? + 2belf + 10c3/? + B0c%e*f + 5ce!)z 

+ (20bef? + 30 F* + 30c%f* + 20ce4f + 8 )a™” 

+ (Qe sf + 10c8fF + B0cef? + Self ct 

+ (5bf* + Beef + 1048/2) 012 + (Keft + 10e8f a3 + Sefticd + Foc8 


This process, so simple as compared with the actual performance of 
the four multiplications, has hitherto lain hid in works on the higher 
parts of the differential calculus; it is time it should take its place in 
every system of algebra which contains the binomial theorem, of which 
it is the legitimate extension. 

TEA AND THE TEA TRADE. Though now so extensively 
employed, the introduction of tea into Europe is of comparatively 
recent origin. Macpherson, in his ‘History of European Commerce 
with India,’ states that “tea (sah) is mentioned as the usual beverage 
of the Chinese by Soliman, an Arabian merchant, who wrote an account 
of his travels in the East about the year a.p. 850;” but that he had 
been unable to find any other mention of it prior to the times of the 
Jesuit missionaries, who entered China and Japan a little before the 
middle of the 16th century. Anderson, in his ‘ History of Commerce,’ 
quotes Botero as giving the earliest account in 1590, when he says 
that the Chinese, “have also an herb, out of which they press a deli- 
cate juice, which serves them as drink instead of wine.” Texeira, a 
native of Portugal, about the year 1600, saw the dried leaves of tea 
at Malacca; and Olearius found them used in 1633 by the Persians, 
who obtained them from China by means of the Usbeck Tartars. 
Tea, coffee, and chocolate are all mentioned in an act of parliament of 
160, whereby a duty of Sd. is charged on every gallon of chocolate, 
sherbet, and tea made for sale. But the use of it in England at that 
time must have been new; for Pepys in his ‘ Diary,’ writes, Sep- 
tember 25, 1661, “I sent for a cup of tea (a Chinese drink), of which 
I had never drank before.” The Dutch East India Company probably 
first introduced it into Europe, and from Amsterdam it was brought 
to London. But tea must have continued to be brought in small 
quantities only; for in the year 1664 the East India Company pur- 
chased, for the purpose of presenting to the king, 2 lbs. and 2 ozs. of 
tea; and in the year 1678 they imported 4713 Ibs. of tea, which was 
then for the first time thought worth their attention as a branch of 
their trade. (* Macpherson,’ p. 181.) 

The botanical characters of the chief species of the tea-plant are 
described in the Nat. Hist. Drv., under the name, of the genus TuEa, 
to which they belong. . 

Tea Cultivation.—Tea is cultivated in China over a great extent of 
territory. Dr. Wallich mentions it as being cultivated in Cochin 
China. in 17° N. lat. We know that it is cultivated in the southern 
provinces of Yunnan and of Canton. Farther north the principal 
cultivation of teas for the foreign trade is between 27° and 31° N. 
lat. : but tea is said to be produced in several places to the north of 
31°; even in 36°, and also in the Japanese Islands, which extend from 
30° to 41° N. lat. It is generally said to be cultivated in hilly 
situations. Grozier states that the songlo-tcha (our n tea) takes 
its name from the mountain Song-lo, situated in the province of 
Kiangnan, in 30° N. lat.; while the bou-y tcha (bohea) takes its name 
from a mountain called Bou-y, situated in the province of Fo-kien, 
Mr. Cunningham (at the time when Chusan had a British factory) 
collected specimens on the tops of mountains, where the tea-plant 
flourished along with pines. The deputation sent into Asam to 
examine the sites of the tea, saw it growing in the valley of Asam, 
and were thus led to think that it must grow in similar situations in 
China; but even in Asam it is also found on bills; and there is 
no doubt that it is found in both situations in China, and in many 
which must be moist, though it is probable that the finest varieties of 
tea are cultivated in the drier svils. and in situations exposed to light 
and air, Some soils in which the tea-plant is cultivated in China 
yielded, on analysis in 200 parts—of silex, 135; alumina, 36; carbo- 
nate of magnesia, 6; carbonate of lime, 4; oxide of iron, 13; roots 
and fibres of plauts, 2; water of absorption, 4. Dr. Abel brig 
that the débris of granitic rocks would yield a fitting soil, and 
the Cape of Good Hope would afford a suitable climate. 
~ The culture of the tea-plant in China seems simple enough. The 
plants are raised from seeds, sown in the places where they are to remain, 
Several are dropped into holes 4 or 5 inches deep and 3 or 4 feet 

, shortly after they ripen; or in November and December, as 

ey do not preserve well, from their oiliness, The plants rise up in 

a cluster when the rain comes on, and require little further care, 
except that of removing weeds, till they are three years old, when 
they yield their first crop of leaves, They are seldom transplanted; 
but sometimes four to six plants are put p fe r, 80 as to form 
a fine bush. After growing seven or ten years they are cut down, in 
order that the numerous young shoots which then spring out may 
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afford a more abundant supply of leaves, In some districts the bushes 
w unrestrained, in others they are ly pruned, to keep them 
iow. The gathering of the leaves is performed with care: they 
are usually gathered singly, first in or April (according to the 
district), when the young leaves are scarcely e ed; the second 

about two months later, or May and June; and the third in A 


Hi 


or about six weeks after the second; but the times necessaril 
in different districts, as well as the number of crops w 
obtained, some growers avoiding the third, for fear of inj 
bushes, When the leaves are gathered they are dried in h 
contain small furnaces, on each of which there is a flat iron 
this, when heated, the leaves, partially dried by exposure 
are thrown; the leaves require frequent shifting and turning. 
all are properly dried, they are quickly removed either by the hand or 
with a shovel, and either thrown upon a mat or into baskets kept 
ready to receive them. They are then removed to a table where 

are rolled and cooled, and the process is repeated; after wi 
they are sifted and sorted into several varieties. 

It is difficult to determine whether the green and black teas are pro- 
duced by one or two distinct species of plants; as the statements of 
apparently equally well qualified judges are not only cont >. 
but directly the reverse of each other. The difficulty is owing ] 
to the Chinese in the neighbourhood of Canton being able to i 
a tea which can be coloured and made up to imitate various qualities of 
green tea; and large quantities are thus yearly made up. The Chinese 
tea-makers lh foye sctor ye reaper igs “9p black and 
green teas may be prepared from same t. But as there are 
plants of the phiady og of which the leaves resemble some the black 
and some the teas of commerce, and as these differ very con- 
siderably from each other in their powers of resisting cold, and as 
there are green tea and black tea districts (the former to the north of 
the latter), it seems probable that different plants are preferred for 
ai Dy the finer qualities of these different teas, 

ea having become so extensive an article of commerce, and a 
source of considerable revenue, various attempts have been made to 
introduce it into other countries, The climates are very different in 
which the several experiments have been made; such as in Rio Janeiro 
and the warm part of Brazil, and latterly in the hilly parts of Java 
and Brazil, in Pe , Asam, and the Himalayas, Dr. Abel recom- 
mended the Cape of Good Hope. It is requisite to have not only a — 
suitable soil and climate, but also cheap and abundant labour. 
have been of opinion that tea could be cultivated in the Hi 
but the first published opinions seem to be those of Dr. Royle (* Ilustr. 
Himalayan 


i 
Ere 


i 
i 
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tany, p. 5 and 107, and ‘ Productive Resources of 
India,’ p. 259), where, from a consideration of a similarity in lati 
climate, and vegetation, as far as any information could be procured 
on those subjects, he was of opinion that tea could be su 
cultivated in the Himalayan mountains; “for the different elevations 
allow of every variety of climate being selected, and the pico pe 
distribution of this plant is sufficiently extended, and the sites 
sufficiently varied, to warrant its being beneficially cultivated.” He 
recommended experiments being made in that tract of the Himalayas 
which extends from Almorah nearly to the Sutlej, at various eleva- 
tions from the valleys up to 7000 feet, and thought that about 
5000 feet of elevation would afford a suitable climate. Dr. Falconer 
formed similar opinions at the same time in a rt to government, 
The correctness of these opinions has been clearly proved by the 
success of the tea plantations established in the Kumaon and Gurhwal 
districts of these mountains, which were formed when the tea nurseries 
were established in Asam, and the seeds and plants sent up which had 
been obtained from China, 

The Asam tea-plant first attracted public attention in 1834, in con- 
sequence of replies to the circulars which had been addressed to 
several gentlemen. hs gery Jenkins and Charlton, in May of that 
year, wrote that a kind of tea-plant was jaune esc indigenous in 
Asam. Since then it has appeared that several gentlemen were well 
aware of the fact, and also that Mr. David Scott had, in June, 1825, 
sent leaves and seeds of a plant discovered originally by Major Bruce, 
which he said the Burmese and Chinese concurred in ga: HM: | 
wild tea, A scientific deputation, composed of Dr, Wi 
Messrs. Griffith and MacCleland, was sent for the proper etre gee: | 
of Upper Asim. Tea plantations were eabeeqeen iL crm % , 
Mr. Bruce was appointed their superintendent. Mr, MacCleland states 
that the tea tracts are found in Asam, first on the level plain and 
secondly on mounds or hillocks, and that the former situations have ¢ 
porous structure which enables them to maintain a dry surface under 
exposure to excessive moisture. Asam teas were first sold in 1839; 
and from the excitement and competition created by the novelty of 
ices were paid as from 16s. to 34s. a 


growing wild in the forests and jungles of Upper Asam, the Sylhet 
il 


thence through Chi 
artificial culture may reasonab 
an elaborate on the Cul 
of Arts in January, 1861, gives an account of the recent proce 

on that subject in India, The Asam Tea Company, after many com- 


be expected. Mr. Leonard Wray, in 
ion oF Tea, read before the Society 
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mercial , have brought their affairs into a healthy con- | to brown. From the green tea, when prepared in the dry way, less of 
dition. now own 4000 acres of land, which yielded 1,000,000 Ibs. | the above-mentioned juice exudes, a circumstance to which the 


with China tea, which is mostly of weaker quality. There is another 


provinces, under the able management of Dr. W. Jameson. Begun on a 
s scale in 1835, they have now become very extensive. In 1859 
government tea plantations in Kumaon, Gurhwal, Deyra Dhoon, 
Vi comprised 2250 acres and seven factories, The 
variety is that chiefly cultivated. The government established 
tea plantations with a view to the making of experiments, 
encouragement of companies and private speculators; and a 
transmission of seeds and young plants is granted to beginners. 
culture is also granted by the government on very 
; and of such land there is believed to be not less than 
the North-West provinces alone. The experience of 
a handsome profit is derivable from the culture; 
persons are embarking in the enterprise. Many of 
military officers lately in the East India Company’s 
the healthy climate of the hill districts suitable at 
to themselves and their families, and to the tea-culture. 
ing and Use.—Whether obtained from one. species only of 
or from several, all the tea of China is in commerce 
under two distinct terms, green tea and black tea. These are 
distinguished as hyson and bohea, The European name tea is 
borrowed from the common language of the province Fu-kian (Fokien 
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the Chinese merchants at least one hundred and fifty names, many 
of which are synonymes of other sorts, or names invented to impose 
on and obtain a high price. The distinguished Oriental 
Scholar, » gives a list of about forty genuine varieties, with an 
explanation of the terms applied to them. Thus Pak-ho, corrupted 
into Pekoe, merely means “ white down,” being the first sprouts, or 
yet hairy leaf-buds of young plants, three years old, after their first 
fl i With us it is applied only to a black tea ; but it is equally 
applicable toa gron tn, which iv never bought to Hurope, ats 

Shaw! Cpe il by the least damp. 


on 

and a different practice pursued with the leaves from the first 

In the green teas the leaves a, being nipped off above 
i i e black teas the foot-stalk is always 
us black tea contains much of the woody fibre, while 
of the leaf itself; which is one 
.” (Davis's ‘ China, ii., p. 851.) 
oval of the ® young leaf-buds, by which the 
from being clothed with full grown leaves, which 
the sap and contribute to the further growth of the 
causes it to perish earlier, and compels a more frequent renewal 
cultivators restrict the gathering of 
ests, instead of three, to save their plants. Those 
and coarse, and often so rigid that they 
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the pains taken to ensure the excellence of the finest sorts 
tea, that for two or three weeks before the harvest commences 
trained to this business from a very earl age, 
or other kinds of food foskoned 
ey should contaminate the leaves, 
h two or three times a day, and not 
gather the leaves with the naked fingers, but always with 
> proper time for gathering it be 

ged into an inferior tea in one night. It is 
e leaves the same evening that they are collected, for if kept 
following day they ferment, become black, and lose much of 
Previous to putting them into the iron pans or furnaces, 
heated by charcoal, they are dipped for about half a minute 
water. About half or three-quarters of a pound of leaves 
at once, and diligently stirred, to ent them 
They are then removed with a shovel and thrown 
, into baskets; and while yet hot the soft leaves are rolled 
between the palms of the hands, during which operation a quantity 
: green juice exudes from them. This process of roasting 
rolling is often ted even to the sixth or seventh time. This 
ay wey : but by the wet way the leaves are first 
to the vapour of boiling water, after which they are rolled and 
; on the iron pans like the others. Leaves prepared in the wet 
way have a bright green colour ; those by the dry,a dark green verging 
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greater strength of green tea is in some degree owing. The larger 
leaves are generally selected to be prepared in the wet Me § By the 
process of roasting the leaves lose two-thirds of their weight ; so that 
three pounds of fresh leaves dry into one pound of tea fit for preserva- 
tion. It is by the process of roasting that the flavour is first developed, 
the leaves when fresh being as insipid as the bean of coffee before heat 
is applied. Siebold is of opinion that the agreeable violet-like flavour 
of tea is inherent in the leaves themselves ; but most writers ascribe 
the different flavours of the choicer kinds of tea to the admixture of 
the flowers, leaves, or oils of a variety of different plants. The chief of 
these are the Olea fragrans, Chloranthus inconspicuus, Gardenia florida, 
Aglaia odorata, Mogorium (Jasminum) Sambac, Vitex spicata, Camellia 
Sasanqua, and 0. oleifera, Ilicium anisatum, Magnolia Yulan, and the 
Rosa Indica odoratissima, as well as the root of the Iris Jlorentina, and 
Curcuma longa or turmeric, and the oil of Bixa Orellana, The Chinese 
annually dry many millions of pounds of the leaves of different plants, 
to mingle with the genuine, such as those of ash, plum, &c.; so that 
all the spurious leaves found in parcels of bad tea must not be sup- 
ae to be introduced into them by the dealers in this country. 

ile the tea trade was entirely in the hands of the East India Com- 
pany, few of these adulterated teas were shipped for this country, as 
experienced and competent inspectors with large salaries were kept at 
Canton, to prevent the exportation of such in the Company's ships ; 
but since the trade has been opened, all kinds find a ready outlet; and, 
as the demand often exceeds the supply, a manufactured article is 
furnished to the rival crews, 

The object of the drying and rolling is both to diminish the bulk 
and to enable the leaves to preserve their flavour. No tea is thought 
fit for use till it is a twelvemonth old; and the rich and luxurious 
Chinese keep the fine tea in jars, made of the finest porcelain, some of 
which are thought to communicate an additional aroma to the tea, and 
all of which have very narrow mouths (as may be observed in those 
brought to Europe, and sold at a high price), to retain the peculiar 
odour. If the tea contracts damp, it is taken out and roasted again, 

To make the infusion, the Chinese pour boiling water on a small 
portion of the leaves; they do not allow it to stand or macerate, as is 
done in England, but instantly pour it off again, by which they obtain 
only the more volatile and stimulating portion of its principles. The 
poorer Chinese indeed boil the very inferior and coarse leaves, which 
alone are within their reach, and drink the decoction repeatedly during 
the day. This is done not only to extract such virtues as the tea 
possesses, but to qualify the water. seeing that little good drinking 
water is met with in C Travellers find a supply of tea a very 
valuable accompaniment on long journeys, as it improves the most 
brackish waters. The exciting effects of fresh tea are such that it is 
rarely used till it has been kept twelve months, as already stated; and 
where indulged in, it produces t mental excitement, ‘This property 
is diminished by repeated roattihah, but as green tea is less exposed to 
heat than black, it retains mote of this power, Besides, the green tea 
for exportation undergoes some process, which changes its colour, 
giving it a bluish-green hue, The Chinese themselves do not consume 
those kinds of green tea which are prepared for exportation. It is 
altogether a mistake to suppose that the colour of green tea is owing 
to its being dried on copper pans, as none such are used, and the most 
searching chemical analysis is unable to detect a trace of copper unless 
as a constituent of the vegetable. 

The subject of the aletaratiol of tea has occupied a large amount 
of attention within the last few years. Irrespective of any adultera- 
tion, however, the value of tea varies enormously, according to its 
delicacy and aroma. Mr. Wray, when at Malacca, had a small quantity 
of “ Mandarin tea” given to him by some Chinese merchants ; itis a 
kind never sold to foreigners, but commands 50s. per Ib. in China 
itself. The vast bulk of tea used by the Chinese is of poor erg A ; 
and inuch of the poorest is mixed to adulterate the better kinds for 
the English market. Mr. Wray estimates that the Chinese consume 
2,000,000,000 Ibs. of tea annually, more than ten times as much as 
they sell to all other countries. {When the English téa trade with 
China was wholly conducted by the East India Company, it is believed 
that the sophistication mostly took place after the tea reached the 
hands of other dealers; but now the Chinese adulterate it themselves, 
Mr. Wray states that seven-eighths of all the tea shipped from China 
in 1859 was adulterated; this was publicly announced at a meeting of 
merchants, held in Canton in April, 1859, to consider the subject. 
The adulterants were found to be: spent tea-leaves from some of the 

vinces, unsound leaf from others, and three or four sorts of plants. 

en brought to this country, the tea sold at a (nominally) low price 
in the poorer neighbourhoods, undergoes a still further process of 
adulteration. This is proved, not only by the analyses of Drs Hassell 
and Letheby, and others, but also by the Excise seizures which so fre- 
quently occur. All admit that imitations of good tea can be produced 
by very easy means; and this facility offers a perilous temptation to 
dishonest persons. © 

Tea Trade.—The period when tea was first introduced into this 
country has already been noticed. The first importation by the English 
East India Company took place in 1669, from the Company's factory 
at Bantam. The directors ordered their servants to “send home by 
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their ships one hundred pounds weight of the best fey they could get.” 
In 1678, 4713 Ibs. were imported; but in the six following years the 
entire imports amounted to no more than 4101bs. The continuous 
official accounts of the trade do not commence before 1725; but, 
according to Milburn (‘ Oriental Commerce’), the consumption in 1711 
was 141,995 Ibs.; 120,695 Ibs. in 1715; and 237,904 Ibs, in 1720, 
Then, taking periods twenty years apart, we find that the quantities 
entered for home consumption were, in round numbers, 1,000,000 lbs, 
in 1740; 4,000,000 Ibs, in 1760 ; 5,000,000 Ibs, in 1780 ; 20,000,000 Ibs. 
in 1800; 22,000,000 Ibs. in 1820; 32,000,000 Ibs, in 1840; and 
77,000,000 Ibs, in 1860, 

For above a century and a half the sole object of the East India 
Company's trade with China was to provide tea for the consumption 
of the United Kingdom. The Company enjoyed this trade to the 
exclusion of all other parties, and were bound from time to time to 
send orders for tea, and to provide ships to import the same, and 
always to have a year’s consumption in their warehouses. The teas 
were disposed of in London, where only they could be imported, at 
quarterly sales; and the Company was bound to sell them to the 
highest bidder, provided an advance of one penny per lb, was made on 
the price at which each lot was put up. This price was determined 
by adding together the prime cost at Canton and the bare charges of 
freight, insurance, interest on capital, and certain charges on importa- 
tion; but by the mode of calculating these items, and the heavier, 
expenses which always attend every department of a trade monopoly, ) 
the upset prices were greatly enhanced. The prices realised at the 
Company's sales were however in still greater proportion beyond the 
upset prices; a result easily produced by a body who monopolised the 
sole supply; as it was only necessary that the quantity offered for sale 
hould not be augmented in proportion to the growing demand of a 
rapidly increasing population. The 18 Geo, IL, c. 26, imme- 
diately after a large reduction of the duty had taken place, provided 
for such a contingency as this, by enacting that if the East India Com- 
pany failed to import a quantity sufficient to render the prices as low 
as in other parts of Europe, it should be lawful to grant licences to 
other persons to import tea. This would have constituted a very 
efficient check if it had been acted upon; but eventually the mode of 
levying the duty gave the government almost the same interest in a 
restricted supply as the East India Company. The duties were col- 
lected ad paler on the amount realised at the Company's sales ; and 
thus the very circumstance which enhanced the price raised the total 
amount of duty. The duty, at that time, was nominally 90 and 100 
per cent. ad valorem, but being charged on a monopoly price, the 
difference on the cheaper teas consumed by the working and middle 
classes amounted to above 300 per cent. on the cost price of the same 
teas at Hamburg; and in 1830 the difference between the prices 
realised at the Company's sales and the Hamburg prices amounted to 
a sum of 1,889,975. The sales in the last year of the East India Com- 
pany's monopoly are shown in the following table :— 

An Account of the Quantity and Prices of several sorts of tea sold 
in England from May Ist, 1833, to May Ist, 1834 :— 


Ibs, s. d, 
Bohea . * . ° « 6;170,963 110 
Congou . ° ° - «+ 18,653,835 28 
Campoi . . . . 1,603 2 4 
Souchong ‘ +. 354,515 2 9 
Pekoe . . ° . . 514,811 210 
Twankay. . . « « 4,339,672 2% 
Hyson Skin . . ° ° 141,610 22 
Hyson . 987,052 3 6 


Total 5S ee bes SISLOHORE 


The Company’s sales were in March, June, September, and December, 
the latter being the largest. About 2,000,000 Ibs. were offered belong- 
ing to the officers of the Company, who were allowed to import a cer- 
tain quantity of tea on their own account. In 1839 there were only 
122,312 Ibs. offered for sale by the East India Company; and the 
rem i effected by the 3 & 4 Wm. IV., c. 93, which, on the 22nd of 
April, 1834, opened the trade to China, is now complete. The im- 
ae of tea is no longer confined to the port of London. In the 

‘our years ending 1834, the average annual number of ships entered 
inwards from China at the ports of the United Kingdom was 23; 
in the four following years the average was 66; other commodities 
besides tea have since been extensively imported, and a corresponding 
increase in the quantity and variety of the exports to China has taken 
place. The exports of tea from the United Kingdom, which formerly 
did not ex 250,000 lbs. annually, amounted to 4,347,432 Ibs. in 
1841, and have ually much increased, The quantity retained for 
home consumption has also considerably increased, although accom- 
ied by an extraordinary increase in the use of coffee. 

The tea duty pak g constituted an important item in the English 
revenue. It has varied greatly in amount at different times, In 1725 
there was a Customs’ duty of 13/. 18%. 74d. per 100/. of value, and an 
Excise duty of 4. per lb, Sometimes, during the next period of a 
hundred years, the Customs’ duty was raised, sometimes lowered, and 
on a few occasions repealed al er; and precisely the same may be 
said of the Excise duty. In 1834 the Excise duty was finally repealed, 


and at the eame time the Customs’ duty was rated at 1s, 6d, to 3s. per 


Ib,, according to price and quality, In 1836 it was reduced to 22, 1d. 
petiee see 00 ane and in 1840 an additional 5 per cent, was 
posed. Daring Sid stifenee of Wee ree SOY it was vexa- 
tious to the retailers, Each of the hundred thousand in 
the United Kingdom were visited once a month by the officers of 
excise, who took an account of their stock; and no quantity exceeding 
six pounds could be sent from their premises without @ permit, of 
which above 800,000 were required in a year. In short, this system of 
su ion was very troublesome, costly, and answered no useful pur- 
pose. The number of tea-dealers in 1839 was 82,794 in ; 
res = Scotland ; picibae cape aid total, ape Tea is now. 
80 importing merchants by public auction pie 
The cerdee which the tea dut from 1805 to 1841 was 
singularly uniform, never rising above 4,700,000, and never 7 
below 3,100,000 Within the last twenty the rate of 
the amount received have varied much. In 1851 the du’ 
at 2s., plus 5 per cent. In Mr, Gladstone's tariff of 1 
was intended to undergo successive diminutions, 
in 1854, 1s. $d. in 1855, and 1s, in 1856 and later 
cent, A Leet canganrnatg ta Lo Pg riaees wi 
prevent lowering goi yond 1s, us 5 per cent. 
the average price of all kinds of tea in real wea 
duty, each about 1s. 6d. The actual prices in 
from 5d. to 4s. 6d, per Ib. Mr. M‘Culloch supposes 
Chinese tea_ t to England costs on an average about 1s, 
when on board ‘ship in Chinese ports, all charges included ; Sonal 
this is raised to the retail consumer to 3s, 4d. by the following steps— 
ht, insurance, and interest 13d., duty 1s. 6d., wholesale and retail 
profits 8d. The average price in bond, between 1850 and 1860, varied 
from 1s. 24d. to 1s. 64d.; and the dutyrealised varied from 4,800,0002. 
to apes of 6,000,000. The trade in 1860 is represented in 


ears,— 


Ib. 


the following figures :— ro 
Sapna 8s By ace Ua) ce OR 
Re-exported . . . . 5 + « 12,087,104 


Retained for home consumption . e . 76,859,428 


This consumption is about 2} Ib. per annum for each individual of 
the whole population. 

On a recent occasion 
to a renewal of the 


for Pekoe and Hyson, the. 
proportion of Congou excel that of the other bs. is con- 
sidered a fair average of all the chests; this will afford an approximate 
rule for converting chests into Jbs., in the commercial lists of imports 
and deliveries. The Chinese weights and moneys are of course 
different from the English ; but it may be convenient to know 
taels per picul of tea is about equal to 1s. 3d. per lb. , More than 
tenths of all the tea brought to the United Ki in 1859 
the port of London; and the preponderanee is still i i 
t increase in the use of tea has not checked that of 
ollowing table shows the average annual consumption of 
and cocoa, in the last four decennial periods : 


Tea. 


Ibs, 
« 25,000,000 
. 34,000,000 
. 41,000,000 
+ 63,000,000 


Coffee, 
lbs, 
12,000,000 
24,000,000 
33,000,000 ; 
35,000,000 3,500,000 


Bringing in a more modern article of consumption, chicory, the figures 
for 1859 were—tea 76 millon lbs., coffee, 34 million lbs , chicory, 80 
million Ibs., and cocoa 8 million lbs. The proportion of black to green 
tea consumed in the United Kingdom is about 6 or 7 to 1; in the 
United States the use of green tea is greater than that of black. 

TEA, Medical Properties of. The botany of tea is given under 
Tura, in the Natura History Drvision of this work; its chemical 
properties are noticed under Carrxtné ; for an account of its culture 
see TEA AND THE TEA TRADE. 


1820-29 , 
1830-39 
1840-49 , 
1850-59 


Average 


most dis; ionate inquirers regard it as a y ; 
riod of which is the most conspicuous and of longest duration. Tea 
been preposterously praised by some writers, and unjustly accused 

by others as being productive of numerous diseases : above all it has 
been charged with causing an increase of nervous diseases. It would 
perhaps be more just to attribute the increase of such complaints to 
the more complicated state of our social relations, arising from an 
augmented population, and an advance in luxury, with the more 
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is not remarkable. It is less suited for young children than for 
; indeed for very young children it is extremely improper, pro- 
like all narcotics, a morbid state of the brain and nervous 
It is also unsuited for those of an irritable nature, and like- 
those of a leucophlegmatic constitution. Such persons can ill 
iquid of any kind, particularly in the evening, and prosper 
a very dry diet, to which growing children of this constitution 
be strictly confined. [DinuENts.] It may not be true that the 
of tea, as ed by Dr. Lettsom, has been the main cause of the 
eer a coo, ee eee of this class are the 
i which are proved by the reports of the registrar-general 
eke stationary, or perhaps more frequent than others, whatever 
impairs the nervous power and ultimately the digestive function in 
strumous children should be avoided. His advice is sound where he 
, “It ought by no means to be the common diet of boarding- 
Bhosle ; if it be allowed sometimes as a treat, they should be at the 
same time informed that the constant use of it would be injurious 
to their health, and constitution.” Those to whom it is 
most suited are the plethoric and sanguine. Upon the same principle 
it is a proper article of diet and perhaps the best common drink at the 
beginning of fevers and inflammatory complaints. In a peculiar state 
termed by Mr. Newnham (‘Observations on Medical and 
Dietetical Properties of Green Tea’) sthenic excitement, a state clearly 
ing on inflammation, especially if produced by alcoholic stimu- 

or by intense and long-continued application of mind to any par- 
object of literary research, green tea acts as a salutary remedy. 
states of diminished excitement, morbid vigilance 
isturbance follow its use. It is not an uncommon 
students, when pushing their studies far into the 
to resist the claims of nature for repose, and keep themselves 
uent use of tea, That it answers the purpose at the 
|, but the ob is often attained at a fearful 
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the healthy System, read before the Society of Arts, 15th 
1861, p. 188. Dr. Smith’s remarks are upon a most 
ies of experiments—the results of which are most 


i 


ve series 
Less injury results in these cases from the use of coffee. 
this difference between the morbid states of the nervous 
produced by coffee and those resulting from tea: that the 
generally subside or disappear entirely on relinquishing its use; 
from the latter are more permanent, and often incapable of 
eradicated. Nevertheless many persons have immediately found 
health improved by entirely relinquishing the use of tea, or even 
ing it only at breakfast, for which meal it is certainly less proper 
evening beverage. ‘lhose for whom tea is unsuited will 
weak cocoa the most proper substitute. 
y ) gouty and rheumatic nature, above all, those prone to 
calculous diseases of the lithic acid diathesis, find weak tea the least 
_ objectionable article of common drink. They should take it without 
i — with little milk. (Prout,‘On the Stomach,’ p. 217.) 
; Fibre th water har, the ation of 6 tle carbonate of soi ne 
‘ improves tea, but renders it a more proper beverage for such 
persons, This addition of an alkali seems to increase the action of tea 
t its cooling properties. Cream appears 
e skin, as does also lemon-juice. (Smith, ut 
oop, 180.) Tea should not be used till about four hours after 


: ine medical uses of tea are not many. In fevers it is not only an 
excellent diluent at the commencement, but a tincture of tea made by 
: macerating tea in proof-spirit, and adding a teaspoonful of this to a 
; 
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small cup of water, and given at short intervals during the night, after 
the acute have subsided, is often of t service. For 
, hospitals and workhouses, the leaves which have 
, or the infusion may be macerated in alcohol, 
_ and a spirit of sufficient strength for this purpose obtained at a 
forms of diseased heart tea proves a useful sedative. It is 
as valuable an antidote to poisoning by opium as coffee is. Some 
poisoning by arsenic ped 
vented proving fa’ 
form of 


e@ cases 
of severe nervous headache are relieved by a cup of strong green tea, 
a But this should be sparingly resorted 
to; it is a wiser plan to avoid the causes of such headaches, Tea has 
ere eee the great means by which intoxication was to be 
it it is certain that to relieve the tremblings and other 


Tea has frequently been denounced as a useless article of diet to the 
poor, as it is assumed to be devoid of nutriment, and the milk and 
sugar which are added are supposed to be the only beneficial ingredients. 
Dr. Lettsom has given a calculation, partly his own, and partly taken 
from ‘Essays on Husbandry,’ to show how much is, in his view, 
unnecessarily expended by them in this way. But the observations of 
Liebig are thought to offer a satisfactory explanation of the cause of 
the great partiality of the poor not only for tea, but for tea of an 
expensive and therefore superior kind :— 

“To see how the action of caffeine, asparagine, theobromine, &c., 
may be explained, we must call to mind that the chief constituent of 
the bile contains only 3-8 per cent. of nitrogen, of which only the half, 
or 1‘9 per cent., belongs to the taurine. Bile contains in its natural 
state water and solid matter, in the proportion of 90 parts by weight of 
the former to 10 of the latter. If we suppose these 10 parts by 
weight of solid matter to be choleic acid, with 3°87 per cent. of nitrogen, 
then 100 parts of fresh bile will contain 0°171 parts of nitrogen in the 
shape of taurine. Now this quantity is contained in 0°6 parts of 
caffeine ; or 24ths grains of caffeine can give to an ounce of bile the 
nitrogen it contains ‘in the form of taurine. If an infusion of tea 
contain no more than the ith of a grain of caffeine, still, if it con- 
tribute in point of fact to the formation of bile, the action, even of 
such a quantity, cannot be looked upon asa nullity. Neither can it 
be denied, that in the case of an excess of non-azotised food anda 
deficiency of motion, which is required to cause the change of matter 
of the tissues, and thus to yield the nitrogenised product which enters 
into the composition of the bile; that in such a condition the health 
may be benelited by the use of compounds which are capable of supply- 
ing the place of the nitrogenised substance produced in the healthy 
state of the body, and essential to the production of an important 
element of respiration. In a chemical sense—and it is this alone 
which the preceding remarks are intended to show—caffeine, or theine, 
asparagine, and theobromine, are, in virtue of their composition, better 
adapted to this purpose than all other nitrogenised vegetable principles. 
The action of these substances, in ordinary circumstances, is not 
obvious, but it unquestionably exists. ‘Tea and coffee were originally 
met with among nations whose diet is chiefly vegetable.” (Liebig’s 
* Animal Chemistry, p. 178.) These facts show in what way tea proves 
to the poor a substitute for animal food, and why females and literary 
persons who take little exercise manifest such partiality for it. “They 
also explain why the attempts, and they have been numerous, to find 
among other plants a substitute for tea have invariably failed of 


success, 
TEA, PARAGUAY, or MATE. [Txa, Paracuay, in Nat. Hist. 


Div. 

THAK, ECONOMICAL USES OF. The teak tree is found in 
Burmah, in India, and in various islands in the Indian seas, It grows 
to an immense size, and is remarkable for its very large leaves, which 
are from 12 to 24 inches long, and from 8 to 16 inches broad. The 
wood is light, brownish coloured, and easily’ worked, as well as very 
strong and durable. It is soon seasoned, and from containing a 
resinous oil, resists the action of water, as well as that of insects. The 
density of the wood varies from 0°594 to 0°876, according to its 
quality and the mode in which it is seasoned; the average is about 
0711, One specimen has been described having a specific gravity of 
1056 ; but the accuracy of this statement is doubtful. Krom extensive 
experience, teak has been found to be the most valuable timber for 
ship-building. Teak is the principal article of export, both in quantity 
and value, from Moulmein; near which port are vast forests of the 
best teak in the world. Splendid baulks of timber are shipped there, 
50 feet in length, and as much as 24 inches square. The price of first 
class teak at that port, squared into baulks, is usually about 60s. per 
ton of 50 cubic feet. At the Great Exhibition of 1851, a very interest- 
ing collection was displayed, consisting of more than seventy species of 
teak, obtained from various localities and arranged according to their 
density. They were collected by Mr. Seppings of Calcutta, and were 
contributed by the Naval Department of the Kast India Company. 

TEAM. Nothing is of greater importance in the management of a 
farm than the cattle which perform the necessary work in ploughing 
and other operations on the soil, in drawing manure to the land and 
carrying the produce to market. It is evident that the smaller the 
expense of the téfm which does the requisite work in proper time, the 
greater the profit of the farmer, and every saving in this part of the 
expense of cultivation is so much added to the clear gain. Wherever 
the land is only partially cultivated, and a portion of it remains in 
coarse pasture, which costs little or nothing to the occupier, or where 
extensive open commons afford cheap food for oxen, these last are 
naturally employed in farm labour. If four oxen do only the work of 
two horses, they are maintained at a much smaller se a and, after 
working for two or three years, their value is improved for the purpose 
of fatting for the butcher. The necessary gear is much less expen- 
sive, especially where the old yoke is still in use, whether across the 
neck or the horns. In fact, for a poor man who has only a few acres 
of land, and who is situated near a waste or common, oxen are the 
most economical team. Many, who in general have more theoretical 
than practical knowledge of husbandry, have maintained the general 
superiority of an ox team over that composed of horses, and have 
given calculations which appear clearly to establish their point. But 
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on the other side, it may be observed, that wherever arable land is the 
chief object of the farmer's attention, and the tillage of the soil is 
brought to any degree of perfection, there oxen are never seen at 
work, but have been invariably superseded by active horses. Oxen as 

t animals are almost invariably part of a sluggish agriculture ; 
and though -less costly themselves, yet teaching, slow and dilatory 
movement to everything about them, their use for tillage operations is 
everywhere diminishing. 

As to the cost of horses per annum, the following may suffice, In 
the old mode of feeding, with as much hay as they would eat, and 
two bushels of oats for each horse per week, during at least nine 
months in the year, and giving them tares or artificial grasses between 
spring sowing and harvest, when there was less to be done, the expense 
of a horse was much greater than most farmers could now afford ; and 
more land was devoted to the keep of the team than was yore A 
The following is the calculation of the cost of the keep of a horse in 
this way :— , 

% 
32 weeks, at 2 bushels of oats per weck, at 3s. 6d. per bushel 11 4 


20 weeks, at 1 bushel of oats per week, at 3s. Gd. per bushel, 3 10 
Tares, &e., 20 weeks, at 6s. (1 ewt, daily, at 6d.) $10 
Hay, 32 weeks, about 1} owt. weekly, at 4s, percwt. . 9 2 
Shoeing . . ‘ . . : e . . ‘ 015 
Farrier ‘ * . . ° . . 0 5 

Total . ° . - » 8 6 


The hay and oats are at high prices, but at all events a horse 
cannot be kept in this way under 10s, per week. They are then, 
however, in excellent condition, and able to work ten hours per day in 
summer and eight in winter. 

The use of bruised corn and carrots, and mangold-wurzel and chaff 
of hay and straw, secures a considerable economy ; and taking smith, 
farrier, harness, and depreciation of value (3/. per annum) into account, 
the cost per horse should not be more than 30/. a year. In fact, on 
21 farms, the details of which have been given by Mr. Morton in the 

Society’s ‘ Journal,’ 282 horses working 8851 arable and 
2549 acres, cost 75131. 83. ay age or about 262. 12s. apiece. 
In this, the wages of team-men to be added, nearly 13,000/., in 
order to find the cost of horse-labour per annum. 

It is of great importance to a person about to hire a farm to know 
exactly what number of horses will be required for its proper cultiva- 
tion, and this depends upon many circumstances, which must all be 
taken into consideration, and which will make a very material ditfer- 
ence, often as much as half the rent of the land. He is to consider 
the situation of the furm-buildings, especially the stalls and_cattle- 
yards, where the manure is to be made, with respect to their distance 
from the fields ; the state of the roads and the access to the fields ; the 
distance of a good market-town, and whether the fields lie in a ring- 
fence or are scattered. A farm of good light loam will require one 
horse for every thirty-five acres for its cultivation. The larger the 
farm, or rather the fields, the fewer horses are required in proportion 
to its size, because much time is lost in turning the plough where the 
furrow is short; and pl ng is always the principal work of the 
team. If more than two horses are required to plough the ground, 
the soil must be very compact and heavy, and if this is not compen- 
sated by greater fertility, the expense of the horses will much reduce 
the profit of the farmer. The work in the field when the days are 
long should be divided so as to give the horses at least two hours’ rest, 
during which they should be fed with corn, When the fields are 
near the stables the horses may be brought home, but a ble 

is easily carried into the field, such as is used at the inns 
on the roads where carriers stop to bait. In winter it may be as 
well to finish the day’s work with only an interval of half an hour. 
The time in summer should be from 5 in the morning till 10, and 
from 2 till 7 if the weather is very warm, resting four hours; or 
from 6 till 11 and from 1 till 6, resting two hours. In winter the time 
is from 7 till 3, resting half an hour or an hour between 11 and 12, 
With good feeding and grooming this is by no means too hard work 
when the work requires to be carried on briskly. The heavier and 
lighter kind of work should be so arranged that when horses have 
worked hard for a day or two, they may have or two days of 
} ong work. In most of England the pace Or the horses and 
ir daily work are much leas than in Scotland; two horses should 
plough an acre a day or more, on an average, but few farmers can get 
much more accomplished than three-quarters of an acre, if they plough 
a good or break up clover or grass lays. In the light sands of 
Norfolk and Lincolnshire they go over much ground; but there the 
furrows are wide and shallow, and the horses might easily trot with 
the pou if the ploughman could keep up with them. 

TEAZLE (Dipracus Fullénum) in a plant which grows wild in the 
hedges, but an improved variety is carefully cultivated in those 
districta of England where cloth is manufactured. It is used for the 
purpose of forming a species of brush with which the finer hairs of 
the woollen fabric are drawn to the surface, where they produce what 
ia usually called the nap of the cloth. Several attempts have been 
wade to substitute artificial teazles, formed of hooks of very fine and 
elastic steel wire; and at one time there was so much appearance of 
success, as to cause the cultivation of teazles to be neglected: but it 


‘cultivation of ho 


ay,and either bent or broke off before the 

of the wool was injured. 
Teazles grow seat oad 
i and 


is required to obtain a good cro 
growing of teazles is specular trate + 
of ground suited to pu 
Tf the j 
of permits, and as 
i so much the better : ground is 
narrow stitches, on which the seed is sown in April, in rows from 12 


lug, or spaded, as it 
very narrow and long les; this greatly invigorates the plants. In 


es They are cut 
with a sharp knife about nine Tote tale’ the head, and tied in ‘sckalt 


packed close until they are Pactger pi? 
it the may 


lessen the chances of failure greatly: but the price also fluctuates so 
much that it is an uncertain speculation, resembling in this respect the 
Hence it is undertaken by men who are p' 

for the event, who make the profits of one year repay the loss of 
another. A good crop of teazles is about 10 or 12 pac! } 
this is sometimes exceeded, but more often it fails by one-half, and 
a total failure is not uncommon. The price may a’ 6l. or 61. a 
pack, so that a good crop is worth more than the land it grew on; 
the expenses, however, are large. Although teazles are said to exhaust 
the ground much, yet from the continual stirring of the soil they 
render it very fit to grow other crops, provided a proper quantity of 
manure is used : thus very goud crops of wheat*have been o ed 
after a crop of teazles. 

TEETH, DISEASES OF THE. The teeth. like other organs of the 
body, are subject to a variety of diseased conditions. For ical 
purposes they may be divided into—1. Disorders attending dentition 
or the cutting of the teeth; 2. Diseases of the teeth themselves; 
3. Diseases of the gums and alveolar processes. 

Diseases of Dentition.—The eruption of the temporary or milk-teeth 
is a natural after birth [Denrrtron, Diseases or ; and Teer, 
Nat. Hist. Drv.}. The order in which the milk-teeth appear after 
birth is subject to cdnsiderable variations. Although dentition is a 
natural process, it is frequently attended with morbid conditions. 
Prior to the appearance of a tooth the gum above it increases in 
breadth, becomes swollen, and is hot to the touch. There is an 
increased flow of saliva, which comes out of the mouth; the child _ 
thrusts whatever may be placed in its hands into its mouth. It is 
more fretful than usual, has sudden fits of-crying, and starts in its 
sleep. The cheeks are flushed, the bowels are irregular, and its food is 
often thrown off its stomach. It not unfrequently happens that a dry 
cough is present, and sometimes even severe derangement of the 
nervous system. F 

In the treatment of these a by sere little more is needed than to 
regulate the state of the bowels, and to prevent the child overloading 
its stomach with milk, It should not be put to the breast after every 
time it is sick, but cows’ milk, with a little water and sugar, may be 
substituted for its mother’s milk. When convulsions occur and — 
evidently arise from the irritation of the gums, a free incision of the 
qm over the pressing tooth will often give great and immediate relief. 

‘henever in fact the irritation has proceeded so far as to produce 
obvious inflammatory symptoms, recourse may be had to lancing the 
gams. In this operation care should always be taken to divide the 
gum down to the surface of the pressing tooth. 

Sometimes instead of inflammation of the jaws there is an excessive 
hardness or induration of the gums. In this case there is great irri- 
tability and restlessness, with other symptoms of derangement of the 
system, which can only be removed by Aividing the indurated gums 
freely down to the pressing tooth. 

During the presence of the milk-teeth, they and the gums are 
subject to the same diseases as the permanent teeth in after life. 
They are however subject to one form of disease which is peculiar to 
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and which is called ancrum oris, It is in fact an ulceration 
with a death of parts similar to what is called phagedena in 
body. The ulceration commences in this case at 
gums and extends to the alveoli and other parts of 
The surface of the cheek lying in contact with the 
becomes i in the same disease, so that the 
contact. The teeth loosen and in 
black from necrosis. The surface of the ulcer 
yellow or straw colour, with here and there a red point 
the surface, and which bleeds on being touched. This 
in some cases till the cheek is ‘orated, but it more 

before this takes place that the patient either 
ion or hemorrhage from the ulceration of some 


in these cases must be both constitutional and local. 
The bowels should be kept open, and tonic medicines (iron and quinine), 
with a i given. Locally, the nitrate of silver should 
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are situated, and pain is the result. 

a kind of re ive process goi 
walls of cavity, and 

being affected. 


Tf the caries extends, the pulp may become inflamed, and also the 
dental periosteum, which may be followed by alveolar abscess. Before 
inflammation of the pulp is established, the pain from the tooth 
becomes intolerable by irritation in the pulp. This state comes on 
gradually: first a little pain is felt when hot or cold or sweet or acid 
things are put into the mouth. This goes on increasing till inflamma- 
tion is established in the pulp of the diseased tooth, This frequently 
leads to irritation in the pulp of the sound teeth, so that pain may be 
felt in several teeth by the unsoundness of one. 

It is when the pulp becomes inflamed that the violent throbbing 
pain known as toothache comes on. In this state a destruction of the 
pulp may take place and the pain cease, and the tooth retaining its 
vitality from its external periosteum alone may still be useful. This is, 
however, a very rare occurrence, 

In the treatment of caries of the tooth, and its attendant irritation 
and inflammation of the pulp, it should be recollected that all external 
remedies are palliatives. A natural cure, which is very unlikely, may 
go on whilst a little relief is obtained by such applications as opium, 
ether, creasote, alum, chloroform, tannic acid, nitrate of silver. The 


If caries is observed in the early stages, before the pulp cavity is 
affected, then the diseased part may be scooped out, and the cavity 
plugged up in various ways. This, however, must be done early, in 
order to ensure success. It not unfrequently happens that where 
irritation of the pulp cavity has been set up plugging will relieve. 

irritation is set up in neighbouring teeth from inflamed pulp, 
the removal of the offending tooth is immediately attended wit 


case of inflammation of the pulp, where the pain is severe, 
be removed. The hazard of ulterior consequences 
yeolar process and the jaw should always prompt to the 
inflamed tooth, 
consequences of decay of the teeth are not at all confined to the 
paolbects “es. Pg inflammati: ae kA sag from the 
gums, gums to the surrounding structures, 
mation of the submaxillary glands takes place, anda 
whole face occurs. Such inflammation may be acute 
When it is acute it may subside in a few days after the 
the ordinary remedies for an acute inflammatory con- 
soft tissues, It may, however, be chronic, and attended 
mucous membrane, which may extend to the 
cases local remedies may relieve. e application of 
alum, or chlorate of potash will be of service, but the 
of all ot the removal of the cause—the extraction of the 
or tee’ 
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of the teeth, asa source of irritation not indicated necessarily by pain 
in the tooth may be frequently found in its disorganised and decayed 
condition. 


The other forms of disease of the teeth are less common and special 
than those we have spoken of above. Sometimes excessive pain is 
suffered from inflammation of the dental periosteum. When there is 
no decay of the tooth, and the pain is clearly referable to this cause, 
much good may be done by the application of one or two leeches to 
the gum opposite the end of the root of the affected tooth. Antiphlo- 
gistic remedies should also be generally applied. Where morbid 
growths are the result of such inflammation, the extraction of the 
tooth will be of service ; but even then the inflammation may continue 
in the socket. Sometimes the inflammation is of a rheumatic charac- 
ter, and demands a treatment to this state of the system. 

Diseases of the Alweoli and Gums.—From the periosteum we pass on 
to the alveoli and gums. The diseases of the alveoli which are most 
frequent are absorption and hemorrhage. 

Absorption of the alveoli frequently takes place as the result of con- 
stitutional tendency, and 4 disposition to this malady is handed down 
from father to son. Under these circumstances it is not an unusual 
thing to observe a man under fifty with scarcely any teeth in his head. 
This process takes place slowly, and almost imperceptibly, till the teeth 
drop out one after another. Absorption of the alveoli may also be 
induced by inflammation of the gums, which may be kept up by 
decayed teeth, The salivation attendant upon the administration of 
mercury is also accompanied with an absorption of the alveolar pro- 
cesses and a falling out of the teeth. 

In the treatment of these cases the great thing is to remove the 
cause. Where decayed teeth, inflammation of the gums from tartar, 
or i teeth, are present, these must be removed. Nothing seems 
to arrest the hereditary absorption of the alveoli. It isgike the loss of 
hair, or other defect, an accompaniment of old age, and in certain cases 


TEETH OF WHEELS, 


63 

these oms come on prematurely. The great resource and com- 
SEE en cones in theee cases is tho introduction of artificial teeth. 
The manufacture of these organs has been carried to such 

that little or no inconvenience is felt from their presence in the mouth, 
whilst they perform the functions of mastication and give the necessary 
modulation to the voice as though they were the original teeth. They 
have even this advantage over natural teeth, that they 


on after the extraction of a tooth. 
socket becomes filled with a coagulum 
bleeding ; but in these cases the 
blood continues to be poured out from the wounded vessels, and resists 
all atternpts at arrest. The best method of treating these cases is to 
plug the socket with a piece of lint dipped in some strong styptic. One 
of most efficient styptics for these cases is the matico, which should 
be powdered and ied on the outside of a plug of moistened lint. 
¢ Gums.—This may be either acute or chronic, 
come on independent of caries of the tooth or other disease, 
ion is most frequently seen as the result of taking 
mercury. [Mencury, Medical Properties of.) Chronic inflammation 
attended with ulceration of the gums is very frequent, It may arise 
from diseased conditions of the teeth, or from a disordered state of the 
system. In inflammation without ulceration stimulant applications 
are very beneficial, whilst the ulcers may be touched with nitric acid, 
or painted with a strong solution of chlorate of potash. 
ue Gum.— When lead is introduced into the system in small quan- 
tities for a 1 of time, its presence in the system is indicated by a 
blue or ish line running along the edges of the gums just where 
roe, Sag bios teeth. This curious fact, which was first pointed out 
by Dr. Burton, has since been confirmed in a large number of cases. 
The blue line is, however, only seen in cases where tartar has accumu- 
lated on the tecth. It is not seen in cases either where there are no 
teeth in the gums, Wherever present it indicates the action of lead 
on the system, and should lead to the investigation of the circum- 
stances under which the patient has received this substance into the 
system. Mr. Tomes has mentioned two cases in which the same kind 
of discoloration ly tiers place a prey of ow gies the 
. It is not, however, impossible t tions of mer- 
Sun in these cases contained lead. ar 
on Partar. The saliva which is poured into the mouth contains cer- 
tain earthy matters in solution, which are precipitated on the roots of 
the teeth at the point where they are covered by the gums. This pre- 
cipitate, which is a true salivary calculus, is called “ tartar.” en 
chemically examined it has been found to contain in 100 parts— 


Earthy phosphates . +. * . ° 
Salivary mucus . . . . . 

Ptyalin . ° . . . . . 
Animal matter. ° . . ° ox 


from this cause. It 


1t assumes a variety of colours on the teeth, according to the nature 
of the food habitually taken. The accumulation of this substance on 
the teeth tends to produce inflammation of the gums and to cause 
their absorption as well as that of the alveolar processes, 

When tartar has lated to a iderable extent it should be 
scaled off the teeth by means of instruments fitted for the purpose. 
One of the great objects of the daily brushing of the teeth is the pre- 
vention of the accumulation of this tartar. One of the best dentifrices 
for habitual use is the camphorated tooth-powder, which consists of 
cam carefully powdered and mixed with chalk. All agents that 
would dissolve the tartar would dissolve the teeth, and must therefore 
be carefully avoided. 

(Tomes, Lectures on Dental Physiology ; Tomes, Manual of Dental 


Surgery.) 
TEETH OF WHEELS. [(Wuezis.] 
TEKORETIN (C,H,!). A native crystalline resin found in the 
Denmark. 


peat of 
TELEGRAPH (from ric, “ distant,” and ypdow, “ write”), a 
machine or process for communi intelligence to a distance, 
usually Wy means of preconcerted si; to which some conventional 
i attached. The name semaphore (from cijua, “ a sign,” and 
oipw, ‘‘ bear”), was also applied to some of the machines used for 


effecting phic communication; which, in an extended sense, 
a be em Petar pee every i a of conveying intell 

urea ¥ signals, as , lanterns, ta, bl 
nto ha;or te oe ble si : Wi Fe 4 


eos ely an enemy, is alluded to b; 
phew derem who wrote about six cnbuaiie before the 


ae ee requires oy ee ee Bo; to the 
twenty-four necessary letters of the alphabet, w are, according to 
this plan, whic he gives on the authority of Joachimus Fi to be 
divided into three classes of eight letters each. The first is 
represented by 


pre- | the observers. The order of connection between the signs 


-. 
This simple means o: 
gence, is described by Scott in the ‘ Lay of the Last 
a note he refers to an Act of the Scottish parliament A ) 
which directs that one bale or faggot shall be warning of the approach 
of the English in any manner ; two bales, that they are coming indeed ; 
and four bales blazing beside each other, that the enemy are in \ 
force. Such si . though best adapted to give information i 
were also available in the da: time, when they appeared as columns of 
dense smoke. Torches held in the hand and moved in 
manner, or alternately displayed and hidden behind a screen, were also 
used in ancient times as signals. Polybius describes two somewhat 
complicated methods of tn tigen § means of torches; and p 
Sein Mocacnes! after dosorition tie tah ph of Polybius, mentions 
i ; after ing legra us, 
torches to indicate 


one torch, the second by two, and the third by area 

and the number of the letter by the number of w 

torches are elevated or discovered. Similar to this, is bgt 
the Rey. James Bremner, of the 

of Arts in 1816. (Soc. Trans., 

and the 


sul uent 
extended lines of 
rhiagpoag cegere S en pon ages at the raparege igen pe 
(or, as he st; it, ‘ Galileus spective *), to leciphering of 
distant RB Hy : ou - 


ig thet writers, such a8 Kircher, Schottus, and Kessler, have pub- 
i plans for telegraphic signals. Kessler-proposed to cut out such — 
characters as it was desired te show in the sade ofS oak: WiaAn 
to be elevated with a light enclosed in it. The Marquess of Worcester 
also, in his ‘Century of Inventions, 1663, announces, “How at a 


window, as far as the eye can discover black from white, a man may 


rarely peed peters righted pede pc sg 
en,” &e. ; again, “ A way to it ight as well as 

ones as dark as piteh is black.” But the en well ae 
of telegraphic communication a to be that described in a paper 
addressed to the Royal Soci 1684, by Dr. Robert H and 
published in 1726 in Derham’s collection of his ‘ Phil Ex- 


periments and Observations,’ 142-150, * sho’ a how 
communicate one’s mind at at distances.” He 's pe ex, veil 


be understood by referring to fig. 1, which represents an elevated 
3 Fig. 1. g 
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frame-work supporting a panel or screen, a, behind which were to be 
suspended a number of symbols or devices, formed of deal of 
the various shapes represented by the small black first 
twenty-four of these, which consist entirely of t lines, were to 
stand for alphabetic characters; and the six dev consisting of 
curved lines were to be used as arbitrary signals. Whenever it was 
“ae vie} ‘i display = y of these characters, they Mba drawn from 

e screen by a rope ¢, passing over frame-work, 
and so rendered visi inthe open space sues ftione telegraphs were 
to be erected upon elevated stations, and telescopes were to be used by 


and the letters of the alphabet might, it is explained, be infin 
varied, for the sake of secrecy; and none of the parties emplo 
excepting those at the terminal stations, need have any knowledge of 
the message communicated. Hooke further a scheme for 
night communication by means of lights in a certain order 
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About twenty after the date of Hooke's paper, Amontons brought 
forward a si plan in France. Some other individuals subsequently 
devised similar schemes, but nothing was effected in the practical 
application of communication until the wars of the French 
revolution. states that, “ Following the principles laid 
down by Dr. Hooke, in 1684, Dupuis, in France, invented the French 
bo crate Don Gualtier, a!monk of the order of Citeaux, in 
1781, modified, and proposed to Condorcet, Milli, and Dr. Franklin, 

rho recommended it to the French ent.” The telegraph 
brought into use in 1793 or 1794, by M. Chappe, was, as will be seen 
by jig. 2, 2 very superior machine to that of Dr. Hooke. 


Fig. 2. 
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beam, in order that the necessary degree of tension might not be dis- 
the By this contrivance, without 
any angles of less than 45° (which might be indistinct when 
great distance, or under the influence of a refractive 
atmosphere), as many as 256 different signs might be made. A much 

was however sufficient, as M. Chappe communicated 
letter by letter, and simplified the movements by using 
alphabet of only sixteen letters, The small figures in the cut show 
i heirs daar ede cailen rad bon 


. , in 
invention of the telegraph to the Convention, on the 
17th of August, 1794, stated that the news of the recapture of Lisle 
had, by means of this machine, reached Paris in an hour -after the 
a the Republic had entered the place. (‘ Annual Register, 


The advantages of such extraordinary celerity of communication 
were so obvious, that in aches datetear Geitinn say oka wore 
immediately brought forward, some of which differed materially from 
which had been successfully put in practice in France. Among 
was that contrived by Mr. R. L. Edgeworth, whose numerical 
telegraph (or a telegraph expressing numbers, which numbers refer to 
words, or sentences, in a dictionary), will be understood by 
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means of fig. 3, in which an index or pointer, in the form of an isos- 
, er feels, “vas coteeunion upon a post, or on a portable triangular 
_ ARTS AND SCI, DIV. VOL, VIII. 


stand, that it might be turned into any of the eight positions shown in 
the upper part of the cut; these positions indicating, respectively, 0 
and the numerals 1 to 7. Four such pointers, mounted side by side, 
as in the lower part of the figure, afford power for expressing any 
number from 1 to 7777, excepting 8, 9, 18, 19, 28, 29, and all others 
in which the numerals § and 9 are required: the first pointer repre- 
senting thousands, the second hundreds, the third tens, and the fourth 
units. Thus, the four black pointers in the figure being, respectively, 
in the positions indicating 2, 7, 7, and 4, express, collectively, the 
number 2774. Further particulars of this method will be found in 
Edgeworth’s ‘ Essay on the Art of Conveying Secret and Swift Intelli- 
,’ published in the sixth volume of the ‘ Transactions of the Royal 
frish Academy.’ He also published a pamphlet entitled ‘ A Letter to 
the Right Honourable the Earl of Charlemont on the Tellograph, and 

on the Defence of Ireland,’ which was reprinted at London in 1797. 
The Rev. J. Gamble, chaplain to the Duke of York, proposed a 
shutter telegraph, consisting of a frame-work containing five boards, or 
shutters, arranged vertically one above the other, and pivoted in such 
a way that any or all of them might be closed, so as to present their 
broad surfaces to the eye, or opened, so as to show merely a thin 
edge, which would be invisible at a distance. The various signals 
produced by closing one or more of these shutters may be applied 
either to a numerical or an alphabetical system. A similar plan sub- 
mitted to the Admiralty in Spee Lord George Murray, was adopted 
in the first government line of telegra established in England, in 
1796, between London and Dover. e ‘Annual Register’ for that 
year (p. 4 of the ‘Chronicle’) mentions the erection of the telegraph 
over the Admiralty on the 28th of January, and states that information 
had been conveyed from Dover to London in seven minutes. The 
action of this kind of telegraph, which was continued in use by the 
Admiralty until the year 1816, is illustrated by jig. 4, in which a 

Fig. 4. 
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represents a square frame-work with six octagonal shutters, 1, 2, 3, 4, 5, 
and 6, arranged in two vertical columns, or sets, and turned into a 
vertical position, so as to display their broad surfaces completely, and 
B represents the same apparatus with the boards or shutters placed 
horizontally, or turned one-quarter round upon their respective axes, 
so as to present nothing but their edges to the eye. The central space 
between the two columns of shutters serves to render them more 
distinct to a distant observer, and affords room for the ropes and 
pulleys by which the telegraph is worked, and which are managed by 
persons in the observatory below. A modification of this kind of 
telegraph, intended for night as well as for day service, was submitted 
to the Society of Arts, in 1805, by Mr. Joseph Davis. About the same 
time that shutter-telegraphs were being introduced in England, the 
Chevalier A* N. Edelcranta, of Stockholm, was devising similar 
machinery for use in Sweden. (See Nicholson’s ‘Journal,’ 1803; 
Society of Arts ‘ Transactions’ for 1808.) Other modifications of the 
shutter telegraph were put forward from time to time, but experience 
established the superiority of telegraphs or semaphores with moveable 
arms; and these were greatly simplified, so as to avoid the objection 
raised to the old French telegraph. Among the schemes proposed soon 
after the first ical application of telegraphs, was one which consisted 
in dividing a circle into twenty four parts, for the letters of the 
alphabet, and employing a traversing radius, or index, to point them 
out ; wires being fixed before the object-glass of the telescope to enable 
the distant observer to determine the position of the radius, This plan 
could only be bees to short distances, because refraction might 
render it difficult to distinguish between positions so little varying 
from each other. The same radiating principle was, however, adopted 
in some machines of a more practical character; among which was a 
telegraph contrived by the Rev. J. Gamble, consisting of five beams or 
arms pivoted at the top of a post, upon one axis, and capable of pro- 
ducing many different combinations without using angles of less than 
45°. On a similar principle were constructed the French coast 
tel hs adopted in 1803, to which the name of semaphore was first 
appli ,and from which it has been given to other telegraphic machines, 

@ action of which is dependent upon the motion of arms around 
pivots placed at or near their extremities. These French semaphores, 
or, as they were sometimes called, signal-posts, consisted of upright 
posts with two or three moveable arms, turning upon separate pivots, 
one above the other, Before they were much known in this country, 
Captain Pasley had been led to observe the inferiority of the common 
land-telegraph to that used at sea, which consisted of coloured flags, 
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a pair of arms. Each of arms was capable, by assumi 
various positions indicated by the dotted lines added to the first 
of more than a sufficient variety of distinct signals to 
any of the numerals or the 0; and consequently the whole 
t any number composed of not more than four 

Loving several signals to spare. In 1809 Captain 
French semaphore, which he described in the following 
together with a modification of his own polygrammatic telegraph, 
ed upon it, in the thirty-fifth volume of the periodical just 
This simplified polygrammatic telegraph, represented in 

pairs of arms, representing hun , tens, and units, 

pivoted to different parts of the same vertical 

post. This contrivance is adopted by Lieu- 

tenant-Colonel Macdonald, with yery trifling 
\ variation, in his ‘ Treatise explanatory of a new 
System of Naval, Military, and Political Tele- 
graphic Communication,’ published in 1817. By 
the addition of a ball and a vane at the top of 
the mast, it becomes a machine df the same 
power as Macdonald's thirteen-shutter telegraph ; 
as each pair of arms is capable of assuming 
fifteen distinct positions, Another semaphore 
on the same principle was submitted to the 
Society of Arts in 1821, by Lieutenant N. H. 
Nicolas, and described, together with a method 
of applying a shifting key to telegraphic com- 
-taunications, for purpose of insuring their 
secrecy, in the thirty-ninth volume of the 
Society's ‘Transactions,’ The telegraphs upon 
the commercial line of communication esta- 
blished between London and the Downs were constructed upon another 
modification of the co cesang ta principle ; four pairs of arms being 
employed, but mounted upon two posts instead of one, as in Nicolas’s 
sema) or four, as in the original design of Captain Pasley. 

In 1816 it was determined to change the Admiralty telegraphs into 
semaphores constructed on the principle of those iat | in France, with 
the improvements by Sir Home Popham, who had previously 
done much for the improvement of owl: signals. The action of 
Popham's semaphore is explained by jig. 7, in which dotted lines are 
added to show the various itions in 
which the arms may be taséd and nhume- 
rals to show the nim indicated by 
those positions. Only two arms are em- 
ployed; but as they are mounted upon 
5 separate pivots, each of them can assume 
} 4 six different postions snd the two together 
/ are capable of affording forty-eight signals ; 
/ which number, though less than that given 
by the six-shutter telegraph, is sufficient to 
expreas the letters of the alphabet and the 
Arabic numerals, and to leave thirteen 
i for abbreviations 

trary This kind of sema- 
.  Phore (which is minutely described in the 
Cane } g‘ Society of Arts Transactions; vol. xxxiv.) 
: Wal used me: <a stations until 

‘, / 4 e~ ectric tel h. 
xy vertical post of this telegraph was’ 
- hollow hexagonal mast, which, turning on 
4 pivot at its foot, and in a collar where it 
passed through the roof of the observatory, 

could be moved #0 As to display its 
in any direction. Tho moveable arms were 
provided with balance-weights in the form 
the oi ferent Tigre to their shorter 
near to vots upon whi turned, by which means 
could be moved in any direction withthe exertion ats very smal 


il 


ce 


i 


” 


The movements were 
winch-handles near the base of the mast, 
for each arm. The winch-handles turned two 
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horizontal bevel-wheels to long 
the inside of the hollow post of 
sirows; working into. tote 
screws, wor! ito 
and thereby communicating motion to them. 
who worked the machine 
brought to the required 
near the verte peek the 
wheels to indexes, w! gave a miniature representation 
pe arms. indexes and the 
whole apparatus was 
the outside of which small blocks 
the assistance of a rope from the top of the 
for the purpose of and it. 
About the same time, Sir Home Popham Ma 
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not, 


than fifty shillings its wear and 
five ilk waa height of ab spree 
or 


iH 
; 
é 
i 


3g 
Frgeed 

E 
Holle 


ine. Ina 
grooved pulley or sheave, fixed upon the same axis as the arm; and at 
Sarnath eight from the bottom ee 
similar pulley is mounted in like 
post, and carrying a small 
each other, by which the machine is 
pulley being communicated to 
arm, by an endless rope; which has 
the sheaves, and up by the sides 
graph is in use, the posts may be attached 
stepping their lower ends into blocks fixed for the 
them to the bulwarks; or they may be mounted 
be readily moved from one of 

tion of this machine in Sir Home Po 's 
Society of Arts mentions but four 
that when placed in the four positions 
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Maj in 18 1 
‘ Deseription of niversal T. Day and Night Signals,’ 
abandons the —— principle, and adopts the simple form 
shown in jig, ew represents what he styles the “ universal tele- 


Fig. 8. 


graph,” as for da: 
two arms, attached 
arm is capable of assuming 


besides what is called the stop, which is made when turned down 
obscured by the post. Twenty-eight distinct signals may therefore be 
made b; mages rg sy shown in the subjoined aos 
more sufficient for the letters of the alphabet, though 
humerous enough to allow of a full alphabet and the numeral 


Table of the separate or distinct Signals given by Pasley’s Universal Telegraph. 
1 6 25 
2 7 16 
3 12 
4 18 
* 5 14 


It had been found, in vee | Sir Home Popham’s 
that uncertain ion 


, in reverse, in whi 
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another; Pasley provided against this occurrence with his universal 
telegraph the addition of the auxiliary arm, or indicator, marked a, 


Jig. 8, which, in whatever direction the machine may be viewed, distin- 
guishes the side at which the numeral signs commence. It serves also to 


prevent the position marked 4 from being confounded with the stop, 
which it might be if there were nothing to indicate that the telegraph is 


at work, and to enable the eye to measure its height. The counter- 
balance weights of the arms are not fixed close to the pivot, but extend 
to some distance from it, in the form of a slender framework of iron, 
with a ball at the outer extremity, their light appearance rendering 
them almost invisible at a distance. Pasley states that telegraphs 
should in general be painted black, and, if possible, so placed that they 
may be seen without any background. If, however, a background be 
unavoidable, the telegragh should be of such a colour as to contrast 
with it. In some cases, where the appearance of the background 
varies much at different periods of the day, it has been found useful to 
od the arms white and black, in large chequers, each occupying 

of the width and half of the length of the arm. 

The contrivances which have been suggested for effecting telegra- 
phic communication are so very numerous, that anything like an enume- 
ration of them is impossible in this place. Several depend upon the 
application of arms of various forms to a semaphoric telegraph, while 
another class of telegraphic contrivances depend upon the exhibition of 
devices or symbols, in a manner somewhat resembling the original 
contrivance of Dr. Hooke. In Mr. Spencer's ‘ anthropo-telegraph,’ a 
man holdsa couple of discs in his hands, and makes signals by placing 
them in different positions with respect to each other. But the reader, 
interested in this sort of detail, which is now purely historical, may 

ify his curiosity by referring to the ‘ Transactions of the Society of 
” Macdonald's ‘ Treatise on Telegraph Communication’ (1817), 
also contains a multitude of similar details. 

Marine telegraphic communication is an object of great importance, 
since there are many circumstances which render personal communica- 
tion between vessels at sea impracticable, and that sometimes in cases 
of the greatest emergency. But, although naval signals have been, of 
necessity, long used, and flags of various forms and colours have been 
extensively employed for the purpose of making them, it was not till 
within a comparatively recent period that they were reduced to 

like an efficient telegraphic system. Sir John Barrow states 

( . Brit., art. ‘ Navy’) that “ The idea of numbering the flags, and 
of assigning a ce! number of corresponding sentences to certain 
combinations of these numbers, was reduced to something approaching 
BS gc yolk bres in the fleet of Lord Howe;” and that in the year 
1798 a new signal-book was issued by the Admiralty, the references to 
which were made by a numerical arrangement of flags. This book 
contained about four hundred sentences, expressive of the most usual 
operations of the fleet ; but it was so imperfect that, if any order had 
to be transmitted which was not to be found in the dictionary, it 
became to make the signal for “a boat from each ship ;” an 
order which could not always be complied with. This inconvenience 
was remedied by the plan, suggested by Sir Home Popham, of making 
the flag-signals represent the letters of the alphabet, as well as words 
and sentences, in connection with numbers, He also printed, at 
Caleutta, a new code of naval signals, which was subsequently re- 
printed in England, greatly extended, and adopted for use in the navy. 
panree the numerous improyements introduced by him is a new 
method of cutting the signal flags, so that, as he explained to the 
Society of Arts in 1816, “ the selvages of the buntin are brought on 
the outer edges of the flags, and the gorings in the centre; by which 
means the outer edge is susceptible of the least air of wind, and when 
the flag blows out, the gorings assist in keeping it out; whereas the 
old flags had a hem on the outside, which rendered them difficult to 
be moved without a fresh breeze, especially in damp and rainy weather, 
as the hem then became very heavy.” “ Besides,” he adds, “it is 
impossible, from the nature of the buntin, to sew a straight seam, for 
the instant it is ent it will become in some degree curved.” (‘ Trans- 
ted an 

iple o numerical system as applied to flag-telegraphs 
in the navy is briefly explained by Macdonald. Nine different weric- 

gated flags are employed to express the numerals 1 to 9, another for 0, 
ind another called a substitute, to repeat any flag under which it is 
Loisted, in the case of the same numeral occurring twice in the number 
te be expressed. A pendant is also used in some cases as a substitute 
for the uppermost figure; and thus, by the use of eleven different 
flags and a pendant, any number from 1 to 999 may be expressed 
without displaying more than three flags, or two flags and a pendant, 
at once. 


Marryatt's (last edit.), 1856; Board of Trade (2nd edit.), 1869. In all 
these the general principle is the same as above explained. A certain 
nutober of flags and pendants of different patterns have to each its 
own name, some being expressed by numerals, others by letters, while 
4 third set are used for specific purposes : one called the Interrogatory, 
asks a question; another signifies an affirmation, another a negation, 


and so on. In the Admiralty, this system is carried to a considerable 
extent, and requires about fifty flags or pendants; while there is a 
general system-book, by which orders are given for evolutions in the 
fleet, and much routine information. There is also a second telegra- 
phic book, including common words in English, a list of ships in the 
Royal Navy, with the names of the flags by which each is distin- 
guished, and other useful information. There is also a system of 
night signals, the same as the general signal book, but instead of flags, 
lamps, with or without blue lights or guns, convey the signals. There 
isalso a system of fog-signals made by the firing of guns, the variations 
being marked by the intervals between the reports. In addition to all 
this, each commander is furnished with private and secret signals, 
which are only used to ascertain whether a ship of war is a foreigner 
or not ; for if a foreigner the proper return signal will not be known. 

A general code adapted to merchant vessels was invented by Captain 
Marryatt, and continued in use up to the year 1857, when the Board 
of Trade published their ‘ Commercial Code of Signals for all Nations,’ 
which soon came into general use. It includes only 18 flags or 
pendants, which were named after the consonants, and were s0 
arranged as to show the distinguishing flag of every British merchant 
ship, a list of such ships as are registered being published every year 
by the Board of Trade, with an official number to each. Each ship 
always retains its name and number, although it may change its port. 
The signals provided for were 20,000, and 4 flags the greatest number 
for any signal. The system was modified by a committee appointed 
by the Board of Trade in 1855, and as now in operation provides by 
means of 18 flags and 3 pendants for upwards of 70,000 signals: the 
flags and pendants are given under Frac. The signals are arranged in 
classes for easy reference. We may lastly refer to a system of boat- 
signals arranged by Captain Wilmot. 

Sir John Barrow, in the article before alluded to, observes that a 
telegraph employed for public purposes should be possessed of power, 
certainty, simplicity, celerity, and secrecy. It should have sufficient 
power to express, by distinct positions or combinations of moveable 
parts, any possible order or information, either by letters, words, or 
sentences, Its certainty will depend upon all its parts being clearly 
defined, wholly within the field of the telescope, and so distinct that 
there shall be no risk of mistaking one signal for another ; whence the 
importance of simplicity becomes obvious. In order to decide the 
question as to distinctness, the shutter-telegraph at Nunhead, near 
New Cross, was left standing for some time on the same hill as the 
semaphore ; and the result of the trial for a whole winter was, ‘that 
the semaphore was frequently distinctly visible when the boarded 
telegraph was so much enveloped in mist and fog that the particular 
boards shut or thrown open could not be distinguished ;” and that 
the number of days in the course of the winter upon which the 
semaphore was visible exceeded those upon’ which the shutters could 
be seen by fully one-third. 

Any means of telegraphic communication which depends upon the 
deciphering of signals exhibited at a distant station is necessarily de- 
pendent upon contingencies of weather; but many plans have been 
contrived for effecting the object in such a manner as to be inde- 
pendent both of light and of the state of the atmosphere. For com- 
munication between the different parts of a house this object may be 
effected by a mechanical connection, by chains or wires, between two 
dials with revolving indexes or pointers, in such a way that when one 
pointer is directed to a particular letter or word inscribed upon the 
dial to which it is attached, the other may exhibit a similar movement. 
The attention of the servant is engaged previously by ringing a bell ; 
and when the required signal has been made, a spring returns both 
indexes to their original position. Speaking-pipes, or tubes to convey 
the voice from one place to another, are also available for short dis- 
tances, but their range is too limited for application on an extended 
scale. One of the early schemes of this character depends upon the 
principle of water finding its level ; but, independently of the difficulty 
which might arise from the friction of water in a very long pipe of 
small diameter, such as would be required to connect the vertical tubes 
in which the observations would be made, such a plan involves the 
necessity of having all the communicating stations at or near the same 
level. Other hydraulic telegraphs depend upon the comparative incom- 
pressibility of water or other liquids; it being proposed to lay down 
small pipes of any required length, and to indicate different signals 
by pressing more or less upon the surface of the fluid contained in 
them, which would transmit the motion to the opposite end of the 
pipe, where it might be pointed out upon a dial, or in any other con- 
venient manner. Mr, Vallance described such a method of telegraphic 
communication in a pamphlet, published in 1825, of which Hebert 
gives some account (‘ Engineer’s and Mechanic's Encyclopedia’); and 
some similar schemes have been more recently propounded. Air con- 
fined in small pipes has also been tried to a limited extent as a pneu- 
|. matic telegraph ; but in this, as well as in the hydraulic system, the 
risk of leakage is a serious disadvantage. 

TELEGRAPH, ELECTRIC. The attempts to render one or other 
of the phenomena of electricity subservient to the purposes of tele- 
graphy, have been numerous, From the earliest date which we can 
assign to the existence of an electric telegraph, its essential parts have 
been the same. These are, lst, the source of electrical power; 2nd, 
| the conducting material by which this power is enabled to travel to 
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the required locality; and 3rd, the apparatus by which at the distant 
enfl of the line, the existence of this power, its amount, or the direc- 
tion of its action, is made known to the observer. In the earlier stages 
of the invention, the investigations of its promoters were confined to 
the last of these three essentials; and so long as the illustration of the 
idea was confined to the lecture-table, this part claimed pre-eminence. 
But, with the proposed application of the principle to purposes of 
general utility, there arose the necessity for an equal degree of atten- 
tion to the two former requisites. 

The experiments of Dr. Watson in England, in 1747, and of Franklin, 
in 1748, on the banks of the Schuylkill river, may have suggested 
the conveyance of information by means of electricity. The earliest 
authenticated instance of any attempt to reduce this idea to practice, 
appears to have been that of M. Lesage at Geneva, in 1774, and of Lomond 
in France, in 1787. They employed as an indicator a pair of pith balls, 
suspended from one end of an insulated wire, at the other end of which 
was the operator, provided with an electrical machine. On charging 
the wire with electricity, the pith balls would exercise mutual repul- 
sion, and diverge from one another; but on removing the electrical 

from the wire by the contact of some conductor, the balls 
would collapse. It is evident that certain numbers of successive 
divergences might be made to denote particular preconcerted signals. 
Subsequently to this, the phenomenon of the spark, as seen on the 
passage of a stricity through an uninterrupted conductor, was used 
for the transmission of signals. Were the various letters of the alpha- 
bet formed in this manner, upon a table, and connected each one with 
a distinct and insulated wire, any particular letter might be rendered 
visible in a darkened room, by passing an electrical charge through the 
appropriate wire. This in fact constituted the telegraph of Reusser, 
or Reiser, invented in 1794. Betancourt and Dr, Salva in Spain, in 
1798, appear to have made experiments on the transmission of the 
charge through wires of great length. 

A somewhat similar form of apparatus, involving the same principle, 
was constructed by arranging the several wires in succession, with a 
single break in each. The various wires bore the names of the dif- 
ferent letters or figures, and any required signal was indicated by 
passing the charge through the proper wire, when the spark visible at 
the interruption of the circuit would denote the letter to the observer 
at the farther end. 

This was the point to which the invention had advanced, at the 
commencement of the present century. The discovery by Volta, in 
1800, of the pile which bears his name, forms the commencement of a 
new era in electric telegraphs, although there was no immediate 
application of the phenomena of the galvanic current to the purpose. 
Indeed s2veral important discoveries had to be made before an electric 
telegraph of any value was possible. 

In 1807, Sémmering at Munich proposed to construct an electric 
telegraph on the principle of the decomposition of water by the 
Voltaic current, as discovered in 1800 by Nicholson and Carlisle. The 
form of his apparatus was the following :—In a glass trough containing 
water, thirty-five gold pegs or pins were arranged vertically, this 
number of pegs corresponding to the letters of the alphabet, together 
with the nine digits. Each of these pins was connected with a wire, 
which extended to the place whence the signal was to be transmitted. 
At this point they terminated in brass strips, arranged in a frame side 
by side, but, like the wires and pins, insulated from each other. Each 
brass strip bore the name of the letter or figure which belonged to the 
pin to which it was connected. The operator, when wishing to send 
any communication, connected the two poles of the battery with the 
brass strips bearing the names of the two first letters required. 
Decomposition of the water in the trough at the distant end was 
instantly indicated by the evolution of bubbles of gas from the two 
gold pins, which thus became the two electrodes or poles of the 
bat The letters forming any communication were to be in this 
manner denoted in pairs, the inventor ingeniously. availing himself 
of the different quantities of the two gases evolved to point out 
the relative position of the letters in each pair, the hydrogen being 
employed to indicate the first letter. Schweigger proposed to add to 
this system a plan for calling the attention of the correspondent at 
the distant station by the discharge, by the current, of a pistol charged 
with the mixed gases. 

In 1816, Mr. Ronalds, of Hammersmith, invented an electric tele- 
graph, in which the use of frictional electricity was recurred to. This 
telegraph, which was shown to several scientific men at the date above 

ven, was fully described by the inventor in a work published by 

im in 1823, Mr. Ronalds employed the divergence and collapse 
of a pair of pith-balls as the telegraphic indication, in which respect 
the nine was the same as that adopted by Mr. Lomond; but 
to simple apparatus, a distinct contrivance was appended, in 
order to render the communication more rapid and easy. A single 
bat perm A insulated by being suspended from silken strings, or 
in glass tubes, surrounded by pitch, and protected by wooden 
troughs, was extended between the two stations. From the end of 
this wire was «led in front of the dial of a clock a pair of 
pith-ball«, so that while the wire was charged the balls would remain 
divergent, but would instautly collapse, when the wire by contact 
with the carth, or with the hand of the operator, was discharged. A 
person at one end having therefore an electrical machine by which 
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he could maintain the wire in an electrified state, and the pith-balls 
at the farther extremity consequently in a state of divergence,—had 
it of course in his power to give an instantaneous indication to an 
observer at that farther extremity by touching the wire with his 
hand, which, discharging the electricity, would allow the balls to col- 
lapse for an instant, But instead of merely employing the successive 
movements of the pith-balls to denote the various signals, Mr. Ronalds 
added another apparatus for this purpose. Two clocks, very accu- 
rately adjusted to the same rate of going, carried, instead of the 
ordinary seconds hand, light discs, on which the various letters of the 
alphabet, the figures, and other required signals were engraved. These 
discs turned with a regular step by step movement, behind a screen 
of metal, in which was made a small opening, sufficient to allow of 
one letter at a time being seen. As the dises turned round, each 
letter in succession would be visible through this space; and it 
evident that if the clocks were started with the same signal visi 
the movement of the discs would bring similar signals into view 
the same time. One of these instruments was situated at 
of the communicating wire. The operator who was about 
mit any communication, watched the dial of his clock until 
vhe required was visible, and at that instant discharged the wire. The 
momentary collapse of the balls at the distant end would then warn 
the observer to note the letter vizible on his instrument, which would 
form a part of the intelligence to be received. The successive letters 
or signals constituting any message were denoted in this manner as the 
clock dials continued to turn round. In order to avoid the necessity 
for constant attention on the part of the observer, an arrangement 
was adopted by which a pistol could be fired by the spark at the 
farther end, to summon the attendant to his instrument. Various 
signals were also rted beforehand, by the use of which the 
time necessary for the transmission of any intelligence was lessened. 
These experiments of Mr. Ronalds’ were made with the interven- 
tion of several miles of wire, carried backward and forward across ~ 
his grounds, . 

In 1819, Professor Oersted of Copenhagen made his great dis- 
covery of the action of the galvanic current upon a magnetic needle. 
He observed that when a current is passed along a wire, placed 
parallel and near to a magnetic needle, free to turn on its centre, the 
needle is deflected to one side or the other, according to the diree- 
tion in which the current is transmitted. He further noticed that 
the position of the wire, whether above or below the needle, had an 
equal influence with the direction of the current in determining the 
side to which the deflection took place. [Etxcrro-Dynamics.] The 
power of a single wire in causing this deviation of a needle is but 
small, but this was remedied by the invention of the multiplier, or 
GaLvanomeTER, by Professor Schweigger, in which the needle, being 
surrounded with many successive coils of insulated wire, is acted upon 
by the joint force of all. Under a somewhat different form, this dis- 
covery now forms the basis of the needle electric telegraph. 

Very shortly after this important discovery had been made, Arago 
and Ampére in France, and Seebeck in Berlin, sueceeded in rendering 
iron magnetic, by the passage of a galvanic current through a wire 
coiled around the iron, and Sturgeon in England produced the first 
electro-magnet. [ELectro-Macnetism.] It was found that, 
the iron to be etised were perfectly soft and pure, the magnetic 
property remained only during the actual transmission of the elec- 
tricity, and was lost immediately on the interruption of the electric 
circuit. If the iron which was exposed to the influence of the galvanic 
current were combined with sulphur, carbon, or phosphorus, the- 
magnetic power became to a r or less extent permanent in it, 

The invention of the voltaic battery, of the deflection of the needle, 
and of the magnetisation of soft iron, formed the three great steps in the 
history of the electric telegraph. 

M. Ampire suggested the employment of the discovery of Oersted as 
early as 1830, and this s ion was acted wu by Professor 
Ritchie, in a model telegraph exhibited by him at the Royal Institu 
tion. Amp?re’s plan however was far from possessing the simplicity 
so essential in an instrument designed for practical use. Not less than 
thirty pairs of conducting wires were necessary, according to bis 
scheme, for maintaining a telegraphic communication. 

Baron Schilling also, in Prussia, in 1832 and 1833, following the ilea 
originated by Ampére, proposed a similar form of telegraph, in wich 
there were as many of these galvanometers, each with its approp ‘iate 
circuit, as there were letters or signs to be used in the various com- 
munications. In fact there were 36 needles and 72 wires. In 1833, 
Gauss and Weber proposed to employ the separate movements of a 
suspended bar as signals: but its indications must have been feeble, as_ 
they had to be observed through a telescope placed at some distance 
from the oscillating bar. In 1837, M. Alexander exhibited a model of 
a proposed form of telegraph, containing 25 needles, to be acted upon as 
in Ampére’s arrangement. In this instrument a distinct n “was 
amy (nile for the indication of each letter, these needles bearing at one 
end light screens of paper, which concealed from view a letter or y 
until by the deflection of the needle the screen was removed, and the 
letter brought into sight, M, Alexander, however, effected one great 
improvement, in substituting a single return wire, to which one end of 
all the coils was joined for the several distinct return wires existing in 
the previous invention of M. Schilling. At a later period this gentle- 
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man undertook a series of experiments, with a view to the establish- 
ment of a communication by means of a single wire; but some 
mechanical In both 


of these all that was requisite, in addition to the indicating 
apparatus conducting wires, was a contrivance by which the con- 
nection of the voltaic batteries could be made with pair of wires in 
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down between London and wall, the ‘transmission of an electric 
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the position indicated in the figure; and a current in the opposite 
direction would produce a deflexion towards the opposite side. While 
no current passes through the wire, the et and pointer remain 
vertical. The next cut (fig. 2) represents three such instruments 
complete, and connected together by wires enclosed in tubes, which 
may be of any required length. One of these may be supposed to be 
at the Minories, the next at an intermediate station, and the third at 
Blackwall; and as each is provided with a battery, and a handle 
(beneath the dial) by which the conducting wire may be connected 
with it at pleasure, the attendant at every station at which such an 
instrument is placed can instantaneously communicate the signal to 
“stop” or to “go on” to all the other stations; attention being 
previously engaged by ringing a bell, placed above the dial. Fig. 3 


Fig. 3. 


represents a dial, in which, by the combination of four such 
magnets and pointers, all the letters of the alphabet may be expressed 
by pointing one or two needles towards them ; and of course a larger 
or smaller number of sigue might be made on the ore principle if 
necessary. A telegraph two pointers, showing eight signals, is 
considered by Mr. Cooke to be sufficient for all ordinary purposes. 
The wires, w several are used, are covered with some insulating 
material (such as a mixture of cotton and caoutchouc), and combined 
into a rope and enclosed in an iron tube, which may be either buried 
beneath surface of the earth or sup above it. 

The instrument which was brought into use on the Great 
Western Railwa: tie Benge the date of the patent, contained five. 
needles, arranged with their axes in a horizontal line. The needles 
when at rest hung vertically, by reason of a slight preponderance 

iven to their lower ends. coil was-connected with one of the 
long conducting wires at one end, and was united at the other with a 
rod of metal, which joined together the similar ends of all the coils. 
The current was transmitted from the opposite end of the wires 
(where a set of jfive pairs of finger-keys, for making the connections 
with the ba , was placed) through two of the wires at once. That 
is to say, one of the wires, of which one key was down, served 
to convey the current from one pole of the battery to the distant 
instrument, while the key of a second wire being brought into contact 
with the other pole, the current returned by the of metal con- 
necting the coils and the second wire to the battery again. Two 
needles were in this manner deflected at once, and it will be obvious 
that the current would — in opposite directions around their coils, 
and consequently that the deflections must be in contrary directions. 
The needles would therefore converge, either above or below their line 
of centres, as one or other of the pair of keys belonging to each wire 
was depressed. Fixed stops were so placed on each side of the needles 
as to limit their motion, and when resting against them, the needles 
were parallel to two converging lines, at the point of intersection of 
which a letter was placed. (Fig.3.) This was the signal indicated by the 
movement of the needles. a similar manner, as lines were drawn 
diverging from the centre of each axis, mutually crossing one another, 
a number of points of intersection were formed, at each of which was 
a letter or signal. Any of these letters could be indicated by the 
simultaneous movement of two needles, so that a.communication could 
be carried on with certainty and tolerable rapidity. At the same time 
a plan was recognised, by which the number of wires requisite for 
maintaining a communication might be reduced, by using one of them 
at times as a return wire only, there being no needle in connection 
with this one. One needle could by the use of this wire be deflected 
by itself either to the right or left, and thus of course each would 
furnish two signals, in addition to those formed by its simultaneous 
deflection with any other. The instruments at the two stations were 
always rendered reciprocating; that is, at each end of the line were 
placed an instrument, a set of finger-keys, and a voltaic battery, 80 
that either station could transmit or receive a signal. By an ingenious 
arrangement, the keys, on being released after depression, were made 
to resume by themselves the position necessary to enable that which 
had been the signalling station to become the recipient. By this 
means m and answers, or words and their acknowledgments, 
could follow one another without the necessity for any intervening 
adjustment of the instruments, 

he bell or which was to be rung, when the attention of the 
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clerk at the distant terminus was required, was either direct or indirect 
in its action. In the a the attraction acae, a nee 
piece of soft iron, rend temporarily magnetic galvanic cur- 
rent, was made to draw an armature, likewine of soft iron, towards it, 
and by this action impel a small hammer againsta bell. In the second 
form of alarum, Ag. 4, the movement of the armature merely released 


Fig. 4. 


3 


a detent or catch from a train of clock-work driven by a spring or 
weight. This clock-work, by the intervention of a scape-wheel and 
pallets, rang the bell as in a common alarum. 

In April, 1838, Mr. Cooke obtained a patent for some further im- 
provements in this apparatus. Of these the most prominent was the 
mode of introduction of the intermediate apparatus. Before the date 
of these patents, the two stations at the extremities of a line of tele- 
graph had alone been put in communication with each other; but 
means were now devised by which any number of intermediate in- 
struments might be introduced between the two terminals, and any 
intelligence rendered simultaneously visible in all or in any of them, 
as required. Furthermore any one of these instruments could be put 
in communication with the rest, either generally or in part only; and 
the same mechanical adjustment which limited the connection of any 
intermediate instrument to one part of the line, placed its bell in the 
circuit of the other part. Thus if, while intelligence was being trans- 
mitted in one direction from an intermediate station, some message of 
importance were required to be sent from the terminus, or any other 
station on the excluded side, the ringing of the bell at the communi- 
cating station would warn the attendant to restore his instrument to 
its intermediate position, and thus leave the line clear throughout. 

In the same patent were included some improvements on the mode 
of protecting and insulating the wires, which were to be laid beneath 
the earth, in tubes or troughs of wood, iron, earthenware, or other 
material ; and also in the expedients for detecting the exact position 
of any accident or derangement, without the necessity of uncovering 
the whole length. Two needles were also shown to be sufficient for 
carrying on a complete communication with ease and rapidity. 

In the course of the ensuing year (1889) Messrs. Cooke and Wheat- 
stone's telegraph was brought into actual operation upon the Great 
Western Railway, where its capabilities were tested. The results of 
this trial demonstrated that the undertaking was thus far successful, 
and that the question of the practicability of the electric telegraph, so 
long at issue among scientific men, was set at rest. 

We must here go back a little, to notice Dr. Steinheil’s telegraph, 
which was erected between Munich and Bogenhausen in 1837. In 
this instrument, two needles or magnetic bars were placed within an 
elongated coil of fine wire. These bars were suspended on axes passing 
transversely across the coil, and in their quiescent position lay parallel 
te one another and to the sides of the coil. They had their poles 
placed the same way, so that when a current was transmitted along 
the wire, they had a tendency to move in the same direction, remain- 
ing still parallel to each other. Against the outer end of each needle 
or bar a stop was placed, which checked its motion on one side, but 
left it free to turn to the other. The opposite poles of the two bars 
were therefore prevented from moving out from the coil, under the 
influence of the deflecting current ; and the effect of this arrangement 
was, that the two bars could not move simultaneously, but only alter- 
nately. Both were acted upon alike, but when the inner end of one 
was free to move outward, the other bar remained pressed against its 
stop, and was fixed; and on reversing the current, the effects upon 
the two needles were also reversed; that which was before stationary, 
now moved forward, while the other was fixed. In order to bring 
back the needles to their ordinary position, a permanent m was 
fixed near to each at the back of the coil, by the attraction of which 
the needles were again rendered lel after the cessation of the 
deflecting power of the current, The inner ends of these bars carried 
each a light brass arm, terminating in a cup furnished with a small per- 
forated beak or spout. These cups were filled with printing-ink, which 
oozed through the beak, and formed a minute bead or drop at its point, 
which, from its viscid consistence, did not drop off. These beaks were 
arranged #0 as to be in the same horizontal line, and at a distance from 
each other a little leas than the width of a strip of paper, which was 
placed before them. If then a galvanic current were passed through 
the coil, so that the right-hand needle tended to pass, with the end 
bearing the cup, out from the coil towards the paper (the cup on the 

other needle receding as far aa the stop would allow, and then re- 
maining fixed), the little beak would just touch the paper, and leave a 


minute dot of ink on its surface. By reversing the current the other 
needle would approach and leave a point of ink on the opposite of 
the strip of paper. By the varied number and arrangement of 
dots, on one or both edges of the paper, the various letters of any 
communication were denoted. The used in this ap 

being obtained in a long strip or ribbon, and coiled upon a roller, 
made to pass slowly lengthwise before the printing points by a simple 
application of a weight and cord, which as the printing wag effected 
gradually wound the ribbon upon a second drum or reel, This instru- 
ment was also adapted to give audible signals, by the substitution of 
small knobs for the ink-cups, and of two of different tones for the 
ribbon of paper. One being 80 placed as to be sounded by the 
first needle, and the other by the second, the pre-concerted com! 
tions of their sounds might indicate various letters to a listener. 

In the construction of his telegraph, Dr. Steinheil made a capital 
discovery. He found that the conducting power of the earth might be 
made to occupy the place of the return wire. All that is necessary is, 
that the wire which connects the two ends of the metallic conductor 
with the earth, shall be carried to a sufficient depth below the surface 
so as to be always in contact with moist earth or with water: and that 
it shall be at this point attached to a plate or other piece of metal, of 
about two or three feet superficial, 
Dr. Steinheil substituted the magneto-electric machine; in whi 
according to Faraday’s great discovery, the electric current was derived 
by induction from a permanent 


namely, on June 12, 1837. The difference between this and 
the preceding suggestions and contrivances was very The ex- 
periments of these gentlemen had been ing for a long time 
previously, so that when in June, 1837, their patent was obtained, it was 
not for an arrangement of doubtful practicabi 
perfected only aiter repeated trial. On the contrary it was, within a 
few months after the date of the patent, put up and brought into actual 
and daily use. Some of its details have since been simplified, and 

modes in which the electric current is made to give the requ 


indications have been greatly varied ; but the great features and prin- 


ciples of their first invention remain wi ed, and not only so, but 
they form an essential part of nearly if not quite all the later tele- 
graphs of other inventors. ‘ 

The telegraph exhibited by Morse in September, 1837, was essen- 
tially a registering instrument, the various signals being traced on a 
strip of paper. ‘The plan appears to have been the following :—an 
electro- et was so placed as to be within attracting distance of an 
armature fixed to the shorter arm of a lever, of which the longer end 
carried a | ae projecting sideways from it, and pressed lightly against 
a sheet of paper. This paper, by a contrivance analogous to of 
Dr. Steinheil, was made to travel slowly beneath the pencil. eon 
as no attractive power was exe’ by the electro-magnet, the i 
would continue to trace a sf line as the paper moved onwards ; 
but on momentarily. making the circuit with the battery, the armature 
was drawn to the electro-magnet, and the pencil, carried by thesirm of 
the lever upwards, made an angular mee ties the letter V reversed, 
on the paper. These angles might either be joined in groups, by 
rapidly succeeding completions of the circuit, or they might be sepa- 
rated by longer or shorter spaces of straight line. The nine digits 
were represented by corresponding numbers of angles, and these were 
combined so as to form all possible numbers. A short space inter- 
yening between two or more successive groups, denoted that they must 
be taken together to form a total of two or more places of digits ; while 
a longer space showed the actual completion of one number and the 
commencement of the next. All the necessary words were represented 
by various numbers, as arbitrary signs, a previously arranged dictionary 
being used for their interpretation, This = had also been proposed 
hy Mr. Ronalds, to simplify the working of his te! 

In the telegraph erected by Professor Morse, in 1844, between 
Baltimore and Washington, a different mode of recording the signals 
was adopted. The use of the pencil was found objectionable, from its 
so frequently requiring fresh pointing, and from the risk of breakage. 
The same arrangements were retained in regard to the paper, but it 
was made in its course to pass over a roller having a e ind it. 
The long arm of the lever carried a blunt steel point, standing over 
the groove in the roller. When therefore the arm of the lever was 
depressed, by the attraction of the magnet upon the armature, the 
steel point the paper into the groove, and produced an indenta- 
tion. If the attraction were momentary, a depressed point was pro- 


cability, or of a form to be 


‘or the ordinary Voltaic ba‘ Nhe 
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duced ; but if the action were continued for a longer time; a lengthened | steel wire c, through the paper strip, to the roller}. This paper being 
depression was the result, as the paper was drawn on. The combina- | chemically prepared with a colourless solution, is coloured when de- 
tions of these two kinds of marks denoted the various letters and | composed by the passage of an electric current through it. In this 
figures. Thus, dot and dash .— is taken to signify a; —... to way, by regulating the duration of the current, the paper can be 
signi —,.—.forc; —..d;. fore; andsoon. This is called stained in dots and lines, as in the symbol-printing arrangement. 
the and dash code. ig. 5 shows the arrangement of what is} An ingenious modification of the chemical printing telegraph was 
made in the writing telegraph. It is evident that if, instead of employing 
a long ribbon of paper, enough of it were taken to pass once round the 
roller }, and if this roller not only rotated on its axis, but was also by 
means of a screw made to advance slowly from side to side as it 
rotated, the steel wire would trace on the paper a spiral line. If also, 
instead of communicating by a key, there were at the other end 
another roller, exactly like b, and which by means of clockwork could 
be turned at precisely the same speed as 6, and with the same rate of 
shift endwise, then a tracer, resting on this second roller would, if the 
current were kept continually passing, trace precisely the same spiral 
as the wire on the first roller +. But supposing the current only to be 
maintained by the pressure of this tracer against the metal roller, and 
if the surface of the roller were partly covered with a Leaerbarges: 
. seis A 5 material, such as shell-lac or resin, the tracer in ing over this as the 
1 A egtateg tel : uP Ny Bisiogo giv weg es roller tured round, would cease to make its stained mark, but it would 
F ite fellas 7b oat vk Seok ork 10 te <b: whieh begin to mark again as soon as the tracer had come upon the metal. 
ae 2 PY In i th git In using this machine the words of the message are written on a slip of 
ere: rollers 9. ie ‘ks paper thu bei ® | tin-foil in a non-conducting varnish. As soon as this is dry, the tin-foil 
Tes. we tat th yeas ane atats wake be is wrapped round the tracer roller, and the tracer being made to bear 
2 k . d stgapree reas | the atten # Y | upon it, the two rollers, one at the communicating and the other at 
common telegraph yi herrea aay de oad re the receiving station, are started at the same moment. Then, while 
the ith a de y fot, The Fe | the tracer rests on the tin-foil, the wire on the roller 4 will con- 
dine the Sgt ete the nieery i to aig: 3 tinue to make its stained spiral line on the prepared paper; but 
itti ro tale « Bonar ths. somimiditag: whenever in its passage the tracer rests on a piece of the varnished 
kyr er ting the Ainge rt time, tha writiag ths current will be broken, and the spirals traced by the steel 
be bint pha ‘4a Stag ae Gene Br) th. e: nt ould indent a | Wit Will be interrupted; which interruptions will evidently coincide 
inthe paper, is ata | ea pigae OF ease Goede bens tote or he eee 
Sal j " ; e e roller, there wi a fac-simile of the original writing 
set 236, Fp ee Pate pein & ietelit ee tenes in Glatt Gilons ft #860 froma’ ‘the parallel lines traced close together 
S| wage or making telegraphic signals by means over every other part of the paper. This fac-simile will appear like 
on 


PEESTSEE 
ut 
sFlece 
EI 3 

Fee 

z Fe 


il 


iE 
oa 
& 


feature in this t is a chemically marking 
ch fy. 7. 


g8g 
i 
& 
: 
2 
d 
RE 
g 
i 
5 
: 
i 
zB 


uutl ie 


of the galvanometers act; and as the three wires admit of the in Jax 1 iP 3 | j > A 
; ; divection tt th ; wary; 1840, and in July, 1841, Professor Wheatstone obtained 
: ith etre rte 2. ig: ix ci “pg the lo. tess oe Let two important patents, the first of which was in connection with 
- ts ae elie Mr. Cooke. The electro-magnetic telegraph may be regarded as a 


ae King. Pro) prepared paper at oro variation of the alarum ; but instead of the detent, there are two light 
out of dist The work chen’ for tae ice Paper | spring pieces, shown in jig. 8, one with a hook-shaped end, and the othe 
L ent between the » consists of two levers, One | sn obtued wedge or pushing piece (known as a clawker and driver), 


eta es ae ok are) Sel warke, O06 bridcaital, Axis | 20 instead of the catch-Whedl of the alarum, there is a light csoone’ 

Bibs iad shen et fly vane, and enables it to move half a revolu- Fig. 9. 

fegiatad bi liseral otion gi nye porhy ms i vheel i 
iven er aw 
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. d muriate of lime,” is preferably to receive the marks or 


= here state in precise terms the principle of the chemical 
ining cera i tain ot cdkvork © aad to bow fon 
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constantly unwinding from a drum, and over a metal 
, fig. 6. A small steel wire c, connected with the wire from the 


Fig. 6. 
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wheel round one per and the 
magnet by means of a light spring, 

will push the wheel. ronnd. another tootii. The axis of the wheel 
carries a light index hand, which points as the wheel turns round to 
the yarious letters arranged near the edge of a disc. The currents 
legraph are sent by means of a communicator, 

fig. 9, consisting of a brass dise turning freely on its centre, and 
marked with letters, as in the disc, fig. 8. Opposite each alternate 

a 


line, presses on the on this metal roller, so that any current on turning round the dise a metal spring, which bears against 
Wad tervegh the vise , in ite way to the earth, pass through the | its edge, rests alternately on 
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conducting ivory, whereby the current is alternately transmitted and | the contact of the hand and pin as before. It should be stated that 


interrupted. A radiating arm proceeds from each letter for the con- 
venience of turning the disc. If the disc stand so that its stop-mark + 
be opposite toa fixed mark, the spring is resting on an ivory piece, and 
if at the same moment the index of the distant telegraph in connection 
with it be also pointing to the +, then on moving the communicator 
one step forward, so that the letter a comes to the fixed mark, 
the current will be transmitted along the wire, the electro-magnet, 
Jig. 8, will draw down its armature so as to pull the wheel one tooth 
forward, and make its index also point to the letter a. On again 
moving the communicator so that the index points to B, the current is 
interruptéd, the armature of the distant telegraph falls back, pushing 
the wheel round another tooth, and bringing its index also tos. In 
this way the index may be moved step by step to different letters so as 
to spell out a word or m , Which word or message will be repeated 
on the disc of the distant telegraph. A slight pause is made after each 
letter of the message, to insure certainty ; numerous modifications have 
been made in this machine, for increasing the rapidity of its action. An 
addition of printing mechanism to this instrument forms the type- 
printing telegraph. In this the escapement axis, instead of carrying a 
fixed dise, has light radiating arms of steel, at the ends of which are 
printing-types a, figs. 10, 11. 


Pig. 10. Fig. 11. 
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b, for receiving the blow of a eer. eed ce, which stands 
pated the type disc, The paper which receives the impression is placed 
between the roller and the type disc, which paper is coiled on the 
roller d, and is drawn off by passing between two other rollers e, which 
hold the paper tightly and turn a little way round after each blow 
of the hammer. 

The action is as follows :—The type-disc is turned round by alter- 
nately transmitting and interrupting the current until the proper 
letter is brought into the proper position to be struck, when, the 
hammer being released, it presses the type on the paper. The drawing- 
rollers immediately jerk the papers forward through a space equal to 
that of one letter, when the type-dise is again moved onward to the 
next letter required, which is struck in like manner,and so with all 
the rest of the letters in the message. The hammer usually strikes 
by the force of a spring, which is released by the train which acts upon 
the drawing-rollers. The mechanism is so contrived that the hammer 
cannot strike while the type-dise is in motion, but falls as soon as a 

se is made, that is, when the right letter is brought into position. 
The are inked by means of a small roller smeared with printing- 
ink, which, as the type-disc revolves, presses lightly against their sur- 
faces. Or a ribbon of carbonic ink transfer-paper may be drawn 
round between the type-disc and the white paper ribbon. Numerous 
variations have been made in the type-printing telegraph, the best 
known of which is by Mr. Bain. In this machine the types were 
arranged on the edge of the disc or wheel, radiating from its centre; 
and the printing of any one upon the cylinder was effected by the 
movement forward of the entire type-wheel and its axis, by a crank 
and con in the printing train, instead of one p or type 
only being struck down by the printing-hammer, in impressing a signal. 
It was also proposed to use two clocks at the two communicating sta- 
tions, to rotate the type-wheels with a uniform motion. These clocks, 
having been adjusted to exactly the same rate, and being started from 
the same signal, would bring continually, at each station, similar type 

osite to the paper-cylinders at the same moment, The action of 
this part of the apparatus is exactly analogous to that of Mr. Ronalds’, 
already described. A hand or index revolving on a dial in front of the 
machine, at the same rate as the type-wheel, indicates to the operator 
the signals which are successively in a position ready for printing in 
his own instrument, and therefore, if the clocks go wasurahely Seguin 
in a similar position in his correspondent’s instrument. At the same 
time this hand, by coming in contact in its revolution with a pin, 


In front of the types is a small roller or [ 


placed by the operator opposite to any signal that he wishes to 
print, completes the electric circuit at this moment, and by so doing | 
stops the type-wheel, and releases the printing-train at each station, | 
A similar figure having thus been impressed on the cylinder at the | 
two ends of the line, the operator removes the pin, and replaces it 
opposite the next signal he requires to send. The moment the pin is 
removed, and the circuit therefore broken, the hands and type-wheels 
at each station resume their evolutions which are again checked by | 


the idea of the two clocks, as well as that of the printing-telegraph, was 
borrowed from Wheatstone, 

Bain’s single-index h, which was the instrument proposed by 
him for practical use, consisted of two hollow cylindrical coils of wire, 
— horizontally a short distance apart, with their axes in the same 

i Between them a small bar-magnet was fixed across a delicate 
spring, which in front passed through the dial-plate of the instrument, 
and was turned up to form an index. The two coils were connected, 
so that an electric current entering from the line wire would oe 
through both. When this was the case, the bar-magnet would be 
attracted towards one coil, while at the same time it would be repelled 
by the other. These actions tended to carry the magnet to the same 
side, as far as the spring to which it was attached and a fixed stop 
would allow of its moving. The reversal of the current inverted the 
effects of the coils, and the magnet would then pass to the other side, 
The combinations of these two movements re mted the various 
letters and signale, they being denoted to the observer by the index on 
the dial of the instrument. The movement of the index to the left 
denoting the letter 1, and to the right the letter v, this instrument 
ees Peers. Sete ‘ vieck i 

n 1842, Mr. ba hare os Racten Pes ‘or working an electric 
telegraph by means of an earth battery. At one end of the line he 
buried in moist earth a large plate of zinc, and at the other enda 
plate of copper, iron, or other substance such as coke or charcoal, 
which might act the part of a negative plate to the zinc. Then, on 
connecting these distant plates with a wire insulated from the earth, a 
current of electricity would constantly pass from the one plate to the 
other. Indeed, S seaien eae: connected with the beh ge | caelek 
described, may be 9 ed merely as a battery of one pair o ; 
separated by a very wide interval of ig 2 material, represented by 
the earth. 4 was Se by oe pret =>. 
would be applicable to all te ic purposes, but su u = 
ments showed that it was available only for a few miles of distance ; 
ite intensity not being sufficient to enable it to travel through any great 
length of wire. In some cases, where a constant current of low inten- 
sity is required, this earth battery might be of use. 

In 1843, Mr. Cooke introduced the mode of extending the wires 
between distant places, so that their insulation from one another, and 
from the earth, might be maintained without the expense and difficulty 
hitherto incurred; before this period the wires ric. Ha covered 
with cotton, and insulated by coating them with shell-lac, resin, or 
pitch, had been laid down in pipes of wood or iron, It was now 
proposed to insulate the wires by suspending them in the barb 3 posts 
or standards of wood or iron, the wires not coming in contact 
with any part of the standard, but passing through rings of porcelain 
or earthenware. [Glass was afterwards found to be the best insulator.] 
The standards were usually fixed at from forty to sixty yards asunder, 
and at each quarter of a mile a stouter post was placed, to bear the 
winding or straining apparatus. This was a simple winding-reel, con- — 
nected with a ratchet-wheel and click to prevent its recoil, after the ~ 
wire had been strained up by its means. The intermediate posts 
within each quarter of a mile only supported the wire, without refer- 
ence to its tension, which depended solely on the winding 
Instead of the copper wires hitherto employed, iron wires of a 
size were now used. By the adoption of this method of extending t 
conducting wires, the cost of construction of an electric telegraph was 
reduced nearly one-half, and at the same time the risk of imperfect 
insulation was diminished, So long as the wires were buried in 
beneath the ground, it was always deemed prudent to add a return 
wire, extending from one end of the line to the other; as it was found 
very difficult to render the insulation sufficiently good to enable the 
earth itself to be used as half of the circuit. The tendency of the 
electric fluid to escape from the wires in the tubes to the earth, was 
much greater than to another wire lying in the same tube, so that the 
latter plan was always adopted. But when the suspended conductors 
came into operation, the insulation was rendered so complete, that the 
earth was subsequently in all cases used to return the current, by 
which means an economy of one wire throughout the whole line was 
effected. In addition to this, another advantage was gained by the 
suspension of the wires, in the facility with which accidental errors or 
injuries were discovered and rectified. While the tubes were in use, 
it was necessary to supply, at about each quarter of a mile along the 
line, a proving or testing post, within which the wires were brought 
up to a box, so as to afford the means of examining any of them as to 
their insulation and conducting power, For this purpose, Mr, Cooke 
had invented an instrument called the detector, by which the 
state of each wire could be tested, and the position of any error or 
fault discovered with considerable a Still, with all these 

ppli , the detection and repair of any derangement of the wires 
demanded considerable skill, and led to no small expense. But when 
the wires were in sight throughout, any contact or fracture was at once 
visible, and was easily and quickly repaired. 

We must here pause in the attempt to trace the history of this 
great invention through the medium of its patents. The reader who 
is desirous of pursuing the subject in this way, is referred to one of 
the valuable volumes printed by order of the Commissioners of 
Patents, entitled ‘ Abridgments of Specifications relating to Electricity 


. 
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and Magnetism, their Generation and Applications’ (1859). This 
yolume contains an introduction of xciii. pages, and an abstract of patents 
extending to 728 pages, exclusive of a copious index. A single speci- 
"men of this index will show the extent of patent influence that has 
been exerted down to the year 1857. For example: under ‘ Tele- 
graphs’ (Electric), we have for acoustic telegraphs, 14 patents ; copying 
8; dial telegraphs, 68; embossing, 1; gold leaf, 2; mag- 
neto-electric, 23; marking, 33; needle, 39; pointer, 32; portable, 7 ; 
printing, 44; and recording telegraphs, 5 patents; while the compo- 
nent parts of electric telegraphs are the subjects of separate patents 
under distinct heads, such as alarums, telegraphic, 76 patents; insula- 
tors, 42 patents; galvanic batteries, nearly three columns of names. 

It is not, however, too much to say, that amidst this formidable 
list of patentees in our own country, without referring to claimants in 
Europe and America, there are but a very few names—perhaps only 
one name—that ity will care to remember in connection with 
the practical working of the electric telegraph. Although the principal 
facts necessary to the construction of an electric telegraph had been 
known, as we have seen, ever since 1821, yet it was not until the gene- 
ral establishment of railways that telegraphic wires could be safely 
carried to any great distance. Moreover, the importance of the inven- 
tion was by no means understood. The government was satisfied with 
the working of the semaphore ; railway directors looked upon the elec- 
tric telegraph as a new-fangled invention, and the public was not yet 
alive to its innumerable advantages. One fact, however, must be 
insisted on, namely, that to this country belongs the honour of this 
vow an eeagae ; that in the year 1837 a needle telegraph had been 

|, 80 complete, and at the same time so simple in its operation, 
that it could be worked by any one who knew how to read ; that in 
June of that year the patent for this telegraph had been sealed, and, a 
month later, the wires were laid down between the Euston Square and 
Camden Town Stations of the North-Western Railway, a distance of a 


ally sent between these two stations, Professor Wheatstone being in 
the Euston Square Station, and Mr. Cooke in that at Camden Town, 
the witnesses being the engineers, Messrs. Fox and Stephenson. Now, 

a claimed, before the French Academy of 
Sciences, for M. Steinheil the precedence in this matter, inasmuch as 


he exhibited an imperfect instrument, although he afterwards suc- 
ceeded in producing one of first-rate excellence, which is still largely 
used in the United States of North America. 

But to return to Cooke and Wheatstone’s telegraph: it received 
notice to quit the London and Birmingham line, but Mr. Brunel gave 
the patentees permission in 1839 to lay it down on the Great Western 
Railway. This was first done as far as West Drayton (13 miles), and 
it was afterwards extended to Slough (18 miles), the wires in both 
preliminary trials being inclosed in iron tubes laid on the ground. 
ing to extend this line to Bristol, much opposition was 

directors, and the telegraph again had notice to quit. 

But on the proposal of Mr. Cooke to retain the line of wires at his own 
, he was permitted to do so, on condition of transmitting the 
Sllwny algtals free of charge, and of extending the line to Slough. In 
return for this favour, he was allowed to transmit messages for the 
public, which was accordingly done, one shilling being charged for a 
message; but the public did not avail themselves much of the new 
instrument, and its value was scarcely appreciated until the 3rd of 
January, 1845, when it was used to convey a message to the London 
ice, directing them to arrest Tawell on a charge of murder, the 


patents, and the system which they had 
introduced became rapidly extended. In due time other telegraph 

ies were competing with the original company, the system 
spread over Europe, and soon no railway was deemed complete without 
its telegraphic wires. In the United States of America the telegraphic 
is far more complete and extensive than in the Old World; 
but the telegraph wires are for the most part independent of the rail- 
_ ways, and hence, it is said, arises the larger number of. railway acci- 
dents in that country. But the telegraphic system could not be 
regarded as complete while nations separated from each other by seas 
and oceans remained unconnected by the electric wire. So long back 
as 1840, Mr. Wheatstone stated to a parliamentary committee his 
conviction of the practicability of uniting Dover to Calais by means of 
a telegraphic wire, and two years later he had made arrangements for a 
_ line across Portamouth Harbour, although circumstances over which 
he had no control ees its being carried out. About this time 
the introduction of gutta percha offered itself as an excellent insu- 
ARTS AND SCL DIV. VOL, VIII. 


mile.and a quarter, and that on the 25th of July messages were actu- | porary 


lating material for the wire, and its first application was made in 1847, 
by Lieut. Siemens, of the Prussian artillery, for a line across the Rhine 
at Cologne. The first submarine wire was laid down in August, 1850, 
by the “Submarine Telegraph Company,’ between Dover and Cape 
Grisnez, near is. It was a copper wire inclosed in gutta percha. 
About 27 miles of it were conveyed on board the Goliath steam-tug, 
and wound round a large iron drum to facilitate the paying out. The 
end of the wire attached to the land was conveyed to the South-Eastern 
Railway Terminus, and the vessel started from Dover, paying out the 
wire, and attaching pieces of lead to it at intervals to assist it in 
sinking. Electric communication was kept up hourly. At length the 
vessel came to an anchor off Cape Grisnez, and the end of the wire was 
sent ashore in a boat. Several messages were passed between the two 
shores during the day; but on attempting to resume the correspond- 
ence next morning, no answer could be obtained. It was ascertained 
that the wire had snapped asunder; but the experiment proved the 
possibility of connecting England with the Continent by means of a 
submarine electric cable. In the following year a stronger cable was 
laid successfully, and has continued to work down to the present time, 
notwithstanding occasional injuries from the anchors of ships and boats. 
In 1851 and 1853 lines were laid between England and Ireland and 
England and Belgium. In 1853 a line was laid from Orfordness to 
Schevening in Holland; in fact four separate cables were laid, each 
containing one conducting wire, so that the injury to one line might 
not interfere with the working of the others, In the same year a line 
was laid across the Solent, from Hurst Castle to Yarmouth, in the Isle 
of Wight. The first line of considerable length, however, was that laid 
in 1855 between Balaklava and Varna, during the Crimean war. This 
line was 310 miles in length, and consisted of a copper wire éovered with 
gutta percha, except at the shore ends, which were protected by iron wire. 
This line was laid by Messrs. Newall, and it remained in good order for 
some months, until the end of the war, when it was broken. This tem- 
success of the Black Sea Telegraph led to the formation of the 
Atlantic Telegraph Company. The attempt made by this company to lay 
a line to America in 1857 failed from the breaking of the cable after about 
335 miles had been payed out. Another attempt in 1858 was apparently 
successful, and messages were exchanged during three weeks between 
Valencia, in Ireland,and Newfoundland; but the signals became variable 
and feeble, and at length ceased altogether. And thus was lost 3000 
miles of cable, and 375,000/. sterling, for the value of the cable can 
scarcely exceed the expense of lifting it, and therefore its recovery will 
not probably be attempted. It is now proposed to alter the route for 
this line, and to carry a cable by way of Greenland to America. In 
1854 the Mediterranean Telegraph Com laid down wires between 
Spezzia and Corsica, and between Bonifacio and Sardinia, and from 
thence in 1855 to Algeria. This last cable seems to have failed. In 
1857 the British government agreed to assist the company in the con- 
struction of a line from Cagliari to Malta, and thence to Corfu. This 
line has been unfortunate. Another line from Portland to the Channel 
Islands has met with several accidents, and the experience with it, as 
well as with the Red Sea and India telegraph cable, show the wisdom 
of the Report made by the Board of Trade, that our knowledge in 1859 
was not such as to justify the submerging of another deep sea cable, 
without further experiments being made ; and they recommended the 
appointment of a committee to investigate the subject. A committee 
was accordingly appointed, and from the connection with it of such 
men as Professor Wheatstone, Mr. E. L, Clarke, and Mr. Varley, we 
should hope for a great increase of our knowledge on the subject. 
While we are writing, a case is under inyestigation which shows the 
necessity for this inquiry. A cable manufactured for the government 
for the purpose of connecting Falmouth with Gibraltar, had its desti- 
nation changed in the spring of 1860 to a projected line from Rangoon 
to Singapore. In order to preserve the cable, it was placed in water- 
tanks, but when transferred on board the ship which was to convey it 
to India, it was coiled dry, and the moisture imbibed by the hemp, 
being gradually squeezed out, caused the iron covering to rust; and as 
this process of rusting generates heat enough to soften the gutta percha, 
the safety of the cable became endangered, so that it had to be again 
taken out of the ship and deposited in tanks. 

The practical working of a telegraph involves such a multiplicity of 
details, that we cannot attempt in an article of this kind to convey 
much minute information. Still, however, there are certain prominent 
features which a reader moderately acquainted with electrical science 
will readily understand. An electric telegraph, whether for land or 
sea, consists of three essential parts: Ist, the éransmitting apparatus, 
for generating electric action at one end, known as the sender ; 2ndly, 
an electrode or insulated path along which the electricity may travel, 
and familiarly known as the line or the wire, or, in the submarine tele- 
graph, the cable; 3rdly, the apparatus used at the other end of the 
line to render evident the signals forwarded by the transmitting appa- 
ratus: this is called the receiving apparatus or instrument, or simply the 
instrument. 

And first as to the transmitting apparatus. This is usually a voltaic 
battery, consisting of alternate pairs of copper and amalgamated zine 
plates, arranged in troughs of some compact wood made tight with 
marine glue, subdivided into compartments by means of slate, or 
the troughs are of glazed gutta percha. Each compartment contains 


the copper of one pair and the zinc of the next. [GaLvanic Barrery.] 
: a 
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After the plates have been introduced, the compartments are filled 
with sand, which is moistened with dilute sulphuric acid (1 strong acid 
to 15 water). This arrangement diminishes the risk of leakage, and 
lessens the amount of evaporation. The acid has to be renewed once 
in ten or fourteen days, according to the amount of work performed by 
the telegraph. In the Electric Tel h Company's central office at 
Lothbury the batteries are contained in two long narrow chambers in 
the basement of the building. There are upwards of sixty Daniell’s 
batteries at work; they take rank as sixes, twelves, and twenty-fours, 
according to the number of their elements or plates, the twenty-fours 
working the longer lines, and the smaller batteries the shorter circuits. 
A twenty-four, when in full work, requires only a gill of dilute sul- 

uric acid per month, and its zinc plates last three months. Other 

tteries require 1 Ib. of sulphate of per per month, with a little 
sulphate of zine or salt and water. the entire amount of electric 
power employed by this company throughout the country is said, on 
the anthority of an article in the ‘ Quarterly Review ' (1854), to be pro- 
duced by 8000 twelve-plate batteries, or 96,000 cells, which are lined 
with 1,500,000 square inches of copper, and about the same of zinc. 
To work these batteries, 6 tons of acid and 55 tons of sand are 
required every year, When a distant station-clerk finds by the weak 
action of his needles that the battery is not up to its work, he sends 
word that it requires “ refreshment,” and it is accordingly served with 
its gill of sulphuric acid. . 

Another form of battery which continues in action for a consider- 
able time consists of plates of amalgamated zinc and gas coke excited 
by solid sulphate of mercury moistened with water ; they are arranged 
in compartments as in the sand battery. 

Some lines are worked by means of the eto-electric machine. 
Maonero-Etecraicity.] The Atlantic cable during a portion of its 
rief existence was worked by a secondary current. An electric cable 

sunk in water is apt to become charged with electricity after the 
manner of a Leyden jar, and so to resist the passage of the current 
along its central conducting wire. The idea was, that by using a 
secondary current it would by its pulsations displace the charge, and 
allow the current to be transmitted. Mr. Whitehouse fed his double 
induction coils by means of what he calls a “ perpetual maintenance 
battery.” This battery consists of large plates of platinized silver, 
and amalgamated zinc, mounted in cells of gutta percha, There are 
several plates, both of silver and zinc, in each cell; but all the 
zine plates rest upon a longitudinal bar of metal at the bottom 
of the cell, and all the silver plates hang upon a similar bar at 
the top of the cell, so that thus there is virtually but a single 
stretch of silver, and a single stretch of zinc in operation. This 
arrangement is made because it enables any portion of either silver 
or zinc to be removed for repair or renewal without stopping for a 
moment the operation of the battery. As any one lamina becomes 
imperfect, it can be taken out from its groove, and replaced. Each 
cell contains two thousand square inches of acting surface, and is 
charged with the usual mixture of acid and water, and there are ten 
such cells in the battery. This combination is so powerful that when 
the broad strips of copper plate which form the polar extensions are 
brought into contact or separated, brilliant flashes are produced, 
accompanied by a loud crackling sound. The points of large pliers 
are made red-hot in five seconds when placed between them, and iron 
screws burn with vivid scintillation. These brilliant effects are, how- 
ever, produced at the expense of the apparatus; the metallic surfaces 
from which they are emitted rapidly burning away during their con- 
tinuance. In order to alleviate this injurious effect, contact is made 
and broken, during the transmission of electrical signals, by means of a 
key presenting a very large surface of metal. A horizontal bar, 
flattened at the top, turns backwards and forwards pivot-ways, and 
tilts its edges against twenty flat brass springs resembling in form the 
keys of a piano-forte, ten being on each side. A constant slight leak 
of the current is also continuously maintained through a coil of 
platinum wire placed in water. By this contrivance the injurious force 
of the spark is pretty well absorbed and destroyed. The cost of main- 
taining this magnificent battery at work is said not to exceed a shilling 
our, 

But for the reason above stated the voltaic current is by no means a 
fleet messenger compared with other agents which are at the command 
of the electrician. Consequently it is not the electric stream generated 
in this powerful battery which was designed to be actually sent 
across the Atlantic on the performance of telegraph service. This 
primary power is only sed to call up and stimulate the energy of a 
more speedy traveller. The voltaic current, generated in the battery, 
is transmitted to induction coils, arranged in pairs, each coil being 
arranged a4 in Rubmkorff’s apparatus, a figure of which is given under 
Maoxeto-Exvxcraicrry, col. 428. It is the secondary current induced 
by this apparatus which it was proposed should perform the work of 
rushing across the Atlantic. This independent secondary current was 
therefore the transmission current, and the coil in which it was produced 
was properly the transmission coil. The coils were used in pairs, because 
each one inductively increases the power of ita ak A and in 
return has its own energy inductively increased as well. The great 
heating power of the battery-current is rendered harmless by the size 
and extent of the primary coil through which it ia passed. If at any 
time, by accident, the cu:rent should find a short course for itself in 


consequence of the silk covering of the wire being injured, the accident 
is immediately indicated by the rapid rise of the e of the 
coil. The transmission-current necessarily fete considerably weakened 
when it has through a distance of 1800 or 1900 miles. Con- 
sequently this weakened current was not to be immediately pe eo 
to print or record the signals transmitted. The weakened t issior 
current was merely caused to open and close the outlet of a fresh battery 
destined to do the printing or recording labour. The strand of the 
Atlantic cable was continued into a coil of fine wire, wound about a 
bar of soft iron. When the transmission-current flowed through the 
coil, the bar became a temporary magnet, which had the direction of 
its polarity determined by the nature of the pues (poate or 
negative) sent through the coil, The pole which is n when the 
transmission-current is positive, becomes south when the transmission- 
current is negative. Near to the temporary magnet a permanent 
magnet was 80 placed that it could traverse backwards and forwards 
upon a pivot as it was actuated by the temporary magnet. The 

pole of the permanent magnet was attracted by the south pole of the 
temporary one, and vice versd; so that as the polarity of the temporary 
magnet was reversed, the permanent magnet was made to . 
When it traversed one way, it opened the outlet of the local 


effecting a contact, and caused it to print; when it traversed the J 
way it shut off the current of the local battery, so that it o 
print, 


It was the peculiar advantage of this relay-instrument (as it is called) 
that the temporary magnet had no other work to do than to turn the 
permanent magnet upon its almost frictionless pivot. It had no sprit 
to overcome, such as is more commonly employed in this class 
instruments. The arrangement was so sensitive that the wraty 
could be put in action by a ent of zinc and a sixpence press 
against the tongue. These relays might indeed be ordi : 
clicking backwards and forwards, and working automatically when the 
large induction-coils were in operation within a few feet of ph 
actually doing a little business on their own account, although not in 
communication with any current, and peneniting same signals 
and m as those which were being forwarded through the agency 
of the induction-coils, As the poles of the induction-coil magnets were 
reversed, the poles of the relay-magnets were actuated different wa) 
Mr. Whitehouse made the instruments even more delicate ts ae 
ing a second permanent magnet, so that it could be made by a screw- 
adjustment to increase or diminish the attraction acting on the working 
magnet, either way. When the printing battery was brought 
operation by the relay, it delivered its message by 2 seey of one © 
Professor Morse’s printing instruments already descri eo 
Professor W. Thomson, in commenting on the above I et 
(‘ Encye. Brit.,’ art. ‘ Electric Telegraph’), F jen! the voltae batbery 
to any other source of electricity “for great te hie work 
and he e his conviction—somewhat boldly, we —that “ig 
no induction coils and no ba‘ i 


power, either poatire or exceedin, 
20 cells of Daniell’s negative, ever been applied to the cable since — 
the landing of its ends, imperfect as it then was, it would be now in 


full work day and night, with no prospect or probability of failure.” 
Secondly, as to the line—In most parts of England the wires, 

from the commencement of the system in this country, are c 

on poles at a height of several feet from the ground; but in a few 

cases, such as along the mail-coach road from London to Dover, a sub 

terranean arrangement has been adopted: the wires being encased in a 

wooden trough, and deposited a foot or two beneath the surface of 


pted Englisl 
and Irish Magnetic Company, ona great extent of tel Ines ; me it is 
wires from station in a 


ints, 


a great length of wire is to be stretched between two distant points, 
without immediate support, steel wire is sometimes used. The gal- 


Es 


yanised iron wire, in the neighbourhood of large manufact towns, 
is liable to be attacked by the sulphur acids of the smoke, and the 
zine being converted into a soluble sulphate is washed off by the rain, 


and the iron wire becomes quickly co We have y 
spoken of the earthenware or glass insulators attached to 
for supporting the wire. An insulator should not only 
conductor, but it should throw off the rain qui and com 
otherwise the moisture will form a conductor to the earth; inde 

the dripping of wet from one line to another below it, will sometimes 
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turn away the current from its work. Wet and foggy weather always 
has the effect of diminishing the current and requiring greater 
battery power; unless, indeed, the plan should be adopted of switching 
the line, that is, instead of sending a message along a direct line, 
where the wires are enveloped in rain or damp fog, or are otherwise 
* sick” as it is called, the line is switched on to another and more cir- 
euitous route, where the wires are in good working order. Spiders’ 
threads covered with dew sometimes divert the current, as does also 
atmospheric electricity. Indeed, a thunderstorm was formerly a 
source of danger to the telegraph clerks, Professor Loomis says that 
the telegraphic wires are very sensitive to an aj ing storm, and 
often become highly charged, even when the storm is so distant that 
the thunder cannot be heard nor the lightning seen. Under such cir- 
cumstances, if one stand in the room of a telegraphic station, and 
place one hand upon a telegraphic wire, and rest the other on the wire 
which communicates with the earth, a shock is felt in the arms, 
and sometimes across the breast, This shock is very painful; although 
when the two wires are brought within striking distance of each other, 
say a faint spark is to be seen. But when the thunder-cloud is near, 
experiments are dangerous. In such case, a thunder-cloud pass- 
ing over the wires may them to such an extent that the 
may fuse the thin wire of the 'electro-magnet, and render 
the et itself unserviceable. On some occasions an explosion 
takes in the telegraph-room sufficient to fuse thick wires?and 
to expose the clerks to considerable danger. A weak charge of 
Q ic electricity has the same effect on the wires as the cur- 
_ ent of a voltaic battery; it makes a point in the telegraphic 
_ register. If, however, a storm pass over the wires, these points 
<p numerous ; 7 pee fe rol aye ome a between bd points 
a telegraphic message, they e the writing indistinct, and often 
illegible, so that on such occasions the clerks usually suspend their 
labours. Various contrivances have been made for drawing off 
from wires, without disturbing the current, advan- 
tage being taken of the tension of the former, which gives it a striking 
distance not possessed the latter. In addition to atmospheric 
_ electricity the line is liable to be disturbed by what are called “ earth 
_ currents.” If both ends of a long wire be connected with the earth, 
-- urrents will pass through the line apparently in consequence of 
variations in the electrical condition of the earth in different places. 
Mr. Varley has observed that these currents are continually flowing 
about the earth in one direction or another throughout the day, and 
reach a maximum about 2°40 pt, During magnetic storms or the 
aurora borealis, currents are sufficiently strong to interrupt the working 
of the lines: they flow sometimes in one direction, sometimes in 

another, and often change their direction in a few seconds. 


a battery communicating with the earth at the other, 
the strength of the current diminishes in an inverse ratio to the 
é of the wire. When, however, the conducting wire is wrapped 
an material and imm in water, we have the three 
parts of a Leyden jar, namely, the wire takes the place of the inner 
metallic coating, the gutta percha that of the insulating glass, and the 
fron wire covering or the water that of the outer coating, so that not 
the strength of the current diminish inversely as the 
but the arrangement must be dise before a message 
can be sent, and the rate of signalling must depend ultimately on 
the rapidity with which the charge and discharge can be effected. 
_ But there are mechanical difficulties arising fromm the materials 
hy atlre The copper conducting wire is deficient in strength, and a 
, ! strain put upon it may produce a permanent elongation : while 
the materials which envelope it, being more elastic, return to their 
original bulk when the strain is removed, the elongated copper does not 
do so, but will thus cut its wa: The 
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to cover the — with fine steel wires 
e chief strength of the 
referred on account of its 


sr di the copper. No substance added to copper increases its con- 
reduce con- 


tute perfect, especiall 

no means i 

high temperature. At 32° there is a very small 
through it; at 52° the is 

nearly six 


the Hed Sea cable, the temperature in 


matter, 


4 : also varies greatly in its quality : it may contain fore 2 
ig 


be porous, or air bubbles may become entangled with it 


laying on, fall of which may tend to destroy its insulating power. 
There may be bad joints or small punctures, or a strong battery 
power may produce a chemical action injurious to its stability. Its 
pee a also seriously affected by exposure to light and air, so 
that in ow water india rubber may be a preferable coating. Gutta 
percha is also liable to injury from friction or from pressure, and both 
it and the hempen packing are liable to the attacks of marine animals, 
a species of Teredo devouring the hemp, and another Teredo penetrat- 
ing the gutta percha. 

ence it will be seen that the great problem of ocean telegraphy 
cannot by any means be regarded as solved. The best form of cable 
remains to be invented: it should be light and flexible for deep waters, 
and sufficiently strong in shallow ones to resist the rude grip of an 
anchor. Some cables weigh 3 or 4 tons per ‘mile; others 8 or 9 or 
even more, while light cables weight about 14 or 2 tons per mile. The 
method of stowing them on board a ship, and the machinery for pay- 
ing them out require to be reconsidered; but, above all, the many 
costly blunders which have been ted with various cables 
ought not to be again possible, such as the heating of the Rangoon 
cable, and the error in reckoning in paying out the Cagliari and 

ia cable, so that there was not enough cable to reach the land : 
the ship held on during five days to the cable and then broke off 
in the midst ofa storm. It is not our business here to do more than allude 
to the failures of telegraphic cables consequent on the plan adopted by 
our nee Gite of granting premiums to telegraphic companies. 

is part of our subject will not be complete without a few 
details as to the mode of preparing the Atlantic cable. A strand 
of seven wires of pure copper of the No. 22 gauge, was first pre- 
pared, it being the sixteenth of an inch in diameter when twisted. 
The strand of seven wires was adopted in preference to a single 
wire of the same practical capacity, because the probability of a 
destruction of continuity was in this way greatly diminished. In 
case of any accident occurring it was very unlikely that all the seven 
wires would be broken in exactly the same place, and so long as only 
one of them remained sound, the electrical transmission could be carried 
on. The strand itself was subject to a strain which stretched it 
twenty per cent., without any appreciable injury to its conducting 
power being discovered. To show that no amount of attenuation which 
could be produced by accident, could interfere to any important extent 
with its utility as a telegraphic conductor, one mile of wire eleven 
times smaller than the strand, was introduced into a gap made ina 
600-miles length of the cable, and the effect produced on the trans- 
eg power of the cable by the interpolation was tested. It proved 
that the transmitting capacity of the cable was only diminished by 
one thirty-seventh part. 

As the copper strand was prepared, it was rolled upon drums, and 
then taken from the drums to have three separate coatings of gutta 
percha applied, until the aggregate diameter was thus brought up to 
about three-eighths of an inch, The gutta percha used for these 
coatings was prepared with great care. It was first rasped into shreds, 
and washed, and next pressed through several layers of fine wire gauze, 
and kneaded for hours in the interior of iron cylinders by steam 
machinery. It was then squeezed by powerful screws, through dies, 
as the strand of copper was gradually drawn along between them, and 
so made to adapt itself as a compact sheath to the strand. Three 
several and successive coatings were given to the strand in order that 
any imperfection left in the might be compensated and remedied 
by the next coat applied. The completed core was subjected to 0 
pressure of five tons upon the square inch, by the use of hydrauli’ 
Sate without the insulating material being at all injured by the force 
app 

During the process of the manufacture of this core it was submitted 
to constant examination to prove both that the continuity of the 
copper strand continued unimpuired, and also that the insulating 
ate of the gutta percha sheath was as complete as it was required to 

. The continuity was proved by passing a voltaic current of low 
intensity from a battery of a single pair of plates, through the strand, 
and then causing it to record a signal after issuing from the wire. 
A battery of low intensity was employed for this purpose, because it 
made the test so much the more severe, A strong sags! Pics have 
thrown the current through a slight imperfection, which a weak 
battery might not be able to overcome. The due perfection of the 
insulation was tried by turning up into the air the ain of the length of 
core about to be examined, by then conn ang one pole of a 
voltaic battery of five hundred pairs of plates with the nearer end of 
the length of wire, and the other pole with the earth, a magnetic 
galvanometer being suspended within a coil continuous with the strand. 
So long as the insulation of the strand was fairly perfect, the copper 
wires became charged with the electricity of which but very little 
could escape, and so no current was produced through the strand, and 
no deflection of any consequence ap’ in the etic needle. 
When the insulating sheath, on the other hand, was imperfect, the 
electrical charge leaked throngh the imperfections to the earth, and so 
got back to the opposite pole of the battery. In this way a current 
was set up in the wire to supply the leakage, and the magnetic needle 
was deflected from its position of equilibrium, the deflection being in 
pra to the amount of the current. A strong battery of five 

undred pairs of plates was employed in detecting imperfect insula- 
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tion, in preference to a weak one, because a current would 
force a passage through an imperfection which it be too slight to 
allow a weak current to make its way. During the progress of the 
work, a om was devised which enabled the testing for both con- 

the strand and insulation of the sheath to be carried on 


orig hers in ps agen 0 


of cal 


with ooies ee of this ring, and the other pole placed in 
communication wil 


During the prosecution of these experiments the discovery was made, 
that the insulating power of gutta percha is very materially affected by 
temperature, A high temperature seems greatly to impair its insula- 
ting capacity,and the recurrence of alow temperature speedily restores 
it to its original excellence. An opportunity was taken, when a single 
flake or tier of the completed cable was lying at the bottom of the 
ptacle in the yard of the manufactory at Greenwich, to watch the 
changes which the natural variation of temperature during forty-eight 
hours produced in its conducting capability. When the thermometer 
stood at 42°, the deflection of the galvanometer needle was barely 3° ; 
but when the thermometer rose to 59°, the deflection of the magnetic 
needle became 64°. Even passing sunshine and cloud made the tell- 
tale needle traverse out and in with surprising rapidity. There was 
reason to conclude, from the soundings taken by Lieutenant Dayman 
of the Cyclops, that the bottom of the Atlantic would supply the low 
temperature essential to the good performance of the insulating 
material. 


j 


The separate lengths of manufactured core were joined into longer 
extents in the following manner. The gutta percha was scraped from 
the ends for a short distance, and these were placed in contact. A 

‘piece of copper wire was thon attached by firm oat to one side of 
the joint,and wound round the strand until it reached as far on the 
other side, being there wan A second binding was then 
effected outside the first in precisely the same way, and several layers 
of gutta percha placed over the whole by the aid of hot irons, In case 
of the core on each side of the joint being at any time so dragged that 
the ends of the strand were broken asunder, this outer investment of 
wire would unroll spirally without being detached from the strand. 
Thus the electric continuity of the strand would be preserved even 
when the strand itself was severed. 

Every two miles of the completed core were wound upon channelled 
drums with deep flanges, iron shod at the rim, so that they could be 
rolled about and made to perform their own locomotion. When the 
contents of these drums were used in supplying the cable with more 
core, one of the ends was attached to the outgoing core of the com- 
pressed cable, and so the contents were unrolled from the drum as the 
external metallic wires were spun round the core. During the unrol- 
ling, a serving of hemp, saturated with a mixture of pitch and tar, was 
compactly wound round the core to act as a bed for the external me- 
tallic sheath. Then eighteen strands, each of seven wires of charcoal 
iron, were twisted firmly round the core. The strands and the cable 
ewere made by precisely analogous machiuery. A large horizontal 
table, containing seven bobbins on the circumference in the case of the 


strand machine, and eighteen in the case of the closing or finishing 
machine, was whirled round’ by steam-power with prs idity, A 
e middle 


central wire, or the core, was drawn i. ete a hole in 
of the table, and so invested with a twisted whorl of wires or strands, 
given off from the bobbins as the table revolved. The strands were 
used in completing the cable, instead of solid wires, because by this 
por a gad flexibility and strength, for the material used, were 
obtai The external investment of iron was solely designed to pro- 
tect the coated core from mechanical violence during the act-of sub- 
mergence, and to confer upon it a convenient amount of weight for 
effecting its sinking in the sea. 

Each strand-machine, during the manufacture of the cable, was 
worked day and night, and in twenty-four hours spun ninety-eight 
tiles of wire into fourteen miles of strand. The several strand-machines 
at work simultaneously every twenty-four hours transformed 2058 
tiles of wire into 204 miles of strand. As much ng thirty miles of 
cable have been made within twenty-four hours. At one time all the 
wire-drawers in England proved to be unable to supply the exacting 
demanda of the machinery, and the works had to pause for a short 
apace. The entire length of wire, iron and copper, spun into this 
wonderfol structure, amounted to 332,500 miles; a 1 ath sufficient to 


nineteen hundredweight to one ton per mile, 
bear with impunity a direct strain of five tons, 
weight of the cable would, however, not exceed fourteen hundredweight 
 oodaayd and as the greatest depth of the Atlantic in which it would 

ve to be laid is only a little more than two miles, and a certain por- 
tion of the weight would necessarily be borne by friction against the 
particles of the water as the rope sank, it was anticipated that the cable 
would never, under any circumstances, be required to meet a strain of 
more than one ton and a half, 

The failure of the Atlantic cable was due, in some respects, to the 
haste reaps it was aa bean The company had 
in 1854, the exclusive right, for fifty years, of landing cables on 
shores of Newfoundland and Labrador, and in 1856 the British as 
as the American government made a grant of 14,0001, a 
ditional on success, the com pledging themselves to make the 
attempt to lay the cable in 1857. It is now admitted that 
struction of the cable was hastily commenced, before the by Seg S 
necessary to ascertain she prope: Sem St Oe eee been. 
completed. “The man was, however, not fairly commenced — 
till February, 1857, and 2500 miles were completed in June, 1857. 
Half was made at Messrs. Newall’s works at Birkenhead, and at 
Messrs. Glass and Elliot’s works at Greenwich. The manufacture was 
verye much hurried. The portion made by Messrs. Glass and 
not being under cover, suffered from exposure to heat. The q 
each coat of gutta percha in water was recommended by Mr. 
house, but this could not be performed on account of the speed at 
which the cable was required to be made. In the manufacture of the 
last 400 miles a system of testing the copper wire for its conducting 
power was introduced, by which an improvement of from 20 to 25 
cent. in the conductivity of the cable was obtained. Messrs. Newall's 
half of the cable was put on board the United States’ ship Niagara, 
and Messrs. Glass and Elliot’s half wasput on board the : 
but so backward were the preparations, that the i for laying 
the cable was being put together as the ships went round to Valentia. 
be = machinery was novel and cumbrous.” (‘ Edinburgh Review,” 
1861. 

The object for which all these complicated arrangements are made 
is for the purpose of indicating at the distant station certain electric 
signals by visible motions or by sounds, or by marks on a ribbon of 

per. In all these cases there must be a contrivance for connecting 
the voltaic battery or other electro-motor with the line, in such a way 
as to be able to send along it a positive or a negative current at will, so 
as to be able to produce variety in the signals at the distant station, 
and having performed its work there, the current returns back to the 
battery by way of the earth. In this way, as already explained, the 
circuit is completed without the necessity of a return wire. 

a line of earth, asa conductor of electricity, is many thousand times i 
rior in power toa line of metal of the same diameter, yet as the conduct- 
ing power of bodies increases in proportion to the area of the section of 
the conductor, and the area of the conducting portion of the earth 
between the two stations may be indefinitely extended, we thus have 
a return line offering less resistance than the wire which conveys the 
current. All that is n , therefore, instead of the return wire, is 
to bury a large copper plate in the earth, and to connect with it a wire 
‘ihe Patol 3 apparatus at the end of the line. Instead of this 
copper plate, or earth as it is called, the gas-pipes and water- of 
towns are used as earths. In the Electric Telegraph Company's Cen- 
tral Station at Lothbury, an earth was formed by digging a hole in the 
foundations until moist ground was arrived at, and into this a cylinder 
of copper, 40 lbs, in weight, was sunk, and this was covered das with 
crystals of sulphate of copper. All the-earth-wires of the establishment 
are connected with this earth-plate. The general arrangement will be 
made clearer by means of jig. 12,in which y and L represent two 


Fig. 12. 
ia) 
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cui 


telegraphic instruments, one stationed in York, another in London, 
connected by an insulated air-line. PQ are two earth-plates, connected 


— 


battery, where the current will be or alk nie aa 
ve it in his power to send the 
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i 8, at rest, or in a position to receive a message. 
Now, suppose the current from the distant battery to enter the coil c 


circuit by means of the wire attached to diag” wey toed 
earth, by which it returns to the distant station. battery cz, 
at the receivi ion, remains inactive, its extreme wires being 
attached to i i of brass at either end of the vertical piece 
connected with d. Teta c Geert ora poms, aloes she-wire fran: 


Fig.13. ,  Fig.14. Fig. 15. 


axis which carries the needle within the coil. The 
Insediian are limited in thelr motions by. means of emallivory atnds fixed 
in the dial, and are i 


a 
London to York, for example, all needles of 
the sbetlcan ate siscilarty defected ; bus aieakee lenows, 
“hy a special signal, when he is required to be spoken with. There are, 
however, contrivances called “ commutators,” by which a message is 
made to any one or more stations without entering them. In 
this way stations may communicate with each other; 
otherwise, they would have to remain idle while two exterior stations 
were communicating with each other, Of course, the larger the 


number of stations which can communicate with each other simul- 
taneously, the larger must be the number of the wires. 

When the instrument consists of two needles and two coils the 
alphabet may be made out somewhat in the following manner. Calling 
the left-hand needle No. 1, and the right-hand No. 2, and indicating 
one movement of either needle to the left by J, and one movement to 
the right by r, the combinations of movements which stand for the 
yarious letters of the alphabet are the following :— 


| No. 1 No.2 | No. 1 No. 2° 
Needle. Needle. | Needle, Needle. 

a ll | 0 rr 
b lll | p rrr 
c rl q Pe 1 
a ir r r r 
e r | 8 rr rr 
f rr | ile 3 rrr rrr 
g rrr | u Ir lr 

h 1 lov rl rl 
i 11 | ow 1 1 

| kk 111 x ll 11 

| 4 rl lly 11 lll 

| m lr % 1 r 

; 2 r 


Of course it is possible to form an alphabet with one needle and one 
wire only ; the communication is not so rapid as with two wires and 


two ne but the construction of the line is more economical, and 
the system is adapted for use between of second-rate importance. 
Various alphabets and modes of si ing have been contrived with a 


view to celerity, and some of these are ingenious. We select one by 
the Rev. H. Highton, as described by Mr. E. Highton: a small slip of 
gold leaf inserted in a glass tube is made to perform part of the electric 
circuit of the line wire, and near it is a permanent magnet. When a 
current of electricity is passed along the line wire, the gold leaf is 
instantly deflected to the right or to the left according to the direction 
of the current. Now supposing the deflection of the gold leaf to the 
left signified the 1, and the deflection to the right the figure 3, 
we have the alphabet made up in the following manner : twice to the 
right, or 33, signifies A ; twice to the left, once to the right, and once 
to the left, or 1131 =B; 311=C; 133=D; a single signal to the left, 
or 1=E; thus acting on the correct principle of representing the 
letters of most frequent occurrence by the most rapidly executed 
signals; F 313, G 1133, H 113, I 31, J 3133, K 1331, L 331, M 1113, 
N 13,011, P1111, Q 1313, R 333, 8111, T 3, U 131, V 1311, W 1333, 
X 3113, Y 3111, Z 3131. A motion to the left signifies “ Do under- 
stand,” and one to the right “ Not understand.” “ Repeat” is ex- 
pressed by 3331, and “ Wait” by 3333. 

Steinheil suggested the plan of receiving a signals by means 
of two bells, one muffled and the other free, to be struck by the needle 
or needles when deflected by two currents. This plan has been adopted 
by Sir Charles Bright on the relay system, with a local battery to 
supply the mechanical power required to strike the bells, This is 

at the principal’stations of the British and Irish Magnetic ‘Tele- 
graph Company. e transmitting instrument is a key invented by 
Highton, ing of a couple of springs, one marked + and the 
other —, connected one with the earth and the other with the line. 
When these springs are at rest, or pressing u , the line and the 
earth are in connection with one another, with the positive pole of 
the battery, the negative pole being insulated. When the earth-spring 
marked +, is pressed down by the finger, the earth connection is 
thrown on the negative pole, and the positive pole is left on the tele- 
line, which thus receives a pre ee. fs Ser: line- 
spring marked — is pressed down, the positive pole of the ry is 
left in connection with the earth, and the line is thrown into connec- 
tion with the negative pole of the battery, and will thus receive a 
negative current. Now it is perfectly easy to make the two bells take 


the place of the gold strip, and calling the left-hand bell 1, and the 
right-hand bell 3, Hi 's ture becomes applicable. The 
receiving-clerk is between the two bells, and his ear being alone 


in receiving the signals, he can write down the letters which 
they represent as easily as when one clerk is employed to watch the 
needle, and dictate the message to andther who writes it down. 
Whether this system may not induce an increased amount of nervous- 
ness in the cl employed, we are not able to say, but it is stated 
that the use of the ordinary needle tel jh is apt to produce nervous 
nye in the clerks who are long employed upon it. 

A le advance has recently been made in telegraphs in con- 
sequence of Professor Wheatstone’s copious list of improvements in 
the whole of the telegraphic system, embodied in two patents dated 
2nd of June, 1858, and numbered respectively 1239, 1241. We give 
these numbers in order that persons a ier in the subject may the 
more readily procure the printed copies of the specifications, which are 
accompanied the one by six and the other by ten sheets of illustrative 
engravings. The basis of this invention is the Letter Telegraph of 1839, 
now called the Universal Telegraph; and it is so simple in its action 


mo prapospey | is required to use it; for the message may either be 
spelt out on a dial by bringing common letters opposite a fixed point, 
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the necessary electrical currents being developed by an ordinary voltaic 
battery, or, still better, by induction from a permanent magnet. This 
telegraph is being rapidly adopted in London, where it forms the 
London District Telegraph ; and also throughout the country by mer- 
chants and manufacturers, as a means of communication at their offices 
and establishments at a distance; also from one portion of a large 
warehouse to another, between the several heads of debated and 
the manager's room, through mills and public works, or wherever the 
constant transmission and receipt of intelligence is of importance. 
This system has been in use at the London Docks during the last few 
years, and also serves to communicate between the Houses of Parlia- 
ment and her Majesty's printers in Shoe Lane. All we can pretend to 
do in this place is to give a brief outline of the more important fea- 
tures of this invention. It is described as Wheatstone’s Automatic 
Printing Telegraph, and is capable of printing 500 letters per minute, 
The order and succession of the electric currents are determined by 
perforated bands of paper, somewhat after the manner of the cards in 
a Jacquard loom. The different letters are represented by groups of 
points, Jig. 16, and these, when arranged for a message, are separated 
Fig. 16. 
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ABCDEFCHIJKLMNOPQRSTUVWX Y Z 
by smaller points, jig. 17, so as to prevent any mistake from the 
coalescence of adjacent letters, and the characters are printed without 
adding to the weight or causing any resistance in the moving parts of 
the electro-magnets. The invention consists of a new combination of 

Fig. 17. 


+ +8 © «© # OF Oe 
G8 600)". war's oe 


°° 990 


° 
+e et ee ee oe 
° © o 


OP ay See ee ° LM ee he 
°° "9000 9 © ‘20 ° eo 


0”"000 ““o 
W HEATSTONEretnN VENTOR 


mechanism, for the purpose of transmitting messages previously pre- 

through a telegraphic circuit, and causing them to be printed at 
a distant station. Long strips of paper ate perforated by a machine, 
provided with apertures so grouped as to represetit the letters of the 
alphabet and other signs (fig. 17): a strip thus prepared is placed in an 
instrument associated with a source of electric power, which on being 
set in motion moves it along, and causes it to act on two pins, in such 
a manner that when one of them is elevated the current is transmitted 
to the telegraphic circuit in one direction, and when the other is 
elevated it is transmitted in the reverse direction : the elevations and 
depressions of these pins are governed by the apertures and intervening 
intervals. These currents following each other indifferently in these 
two opposite directions act upon a writing instrument at a distant 
station in such a matiner as to produce corresponding marks on a slip 
of paper (fig. 18) moved by appropriate mechanism. 

: Fig. 18, 
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Each part of this telegraphic system is stated by the inventor to 
have its independent originality and to be capable of association 
with other forms of apparatus already known. The first of these 
inventions is an instrument called a Perforator for piercing the slips of 
paper in the order required to form the message. The slip passes 
through a guiding groove, at the bottom of which is an opening large 
enough to admit of the toand-fro motion of the upper end of the 
frame containing three punches on a level. Each of these, punches, 
however, may be separately elevated by the pressure of a r-key, 
and at the moment of its elevation two different movements are 
successively produced. Ist, a clip is raised, which holds the pa 
firmly in its position; 2nd, the frame containing the three punches 
advances, by which the punch which is raised carries the ribbon of 
paper forward the proper distance; during the reaction of the key 
consequent on the removal of the pressure, the clip first fastens the 
paper and then the frame falls back to its normal position. The two 
external keys and punches are employed to make the holes, which 
_ grouped together represent letters and other characters, and the middle 

makes the holes which mark the intervals between the letters. 
simple addition to the perforator enables a printed message which 
— a to be eeeteaes on ‘ed a@ more distant station, 
out any translation or knowledge of the meaning of the message, 
The printed band passes between two rollers, one of which is moveable 
by a finger-screw, so as to cause the c to pass successively 
before the eyes of the operator. The keys of the perforator are acted 
with the right-hand and the finger-screw with the left; as the 
e successively appear the keys are preased down in. the order 
of the points of which the letters consist, an operation which scarcely 
oe. tert. | skill to perform, and which needs no change in the 
alp! usually employed, the points at one side representing the 
éhort dashes, and those at the other side the long dashes, the order 
usually observed remaining the same, 

The second a tus is the Transmitter, which receives the strips of 

Peper as pre; by the perforator and transmits the currents pro- 


duced by the electro-motor in the order and direction corresponding to 
the holes perforated in the slip. This it effects by mechanism some- 
what similar to that of the perforator. An eccentric produces and 

tes three distinct movements, 1st, the to-and-fro movement of 
a small frame which contains a groove to receive the strip of paper, 


and carry it forward; 2nd, the rising and falling of a epring lp, 
which holds the paper firmly during the ing motion, but allows 
it to move freely during the advancing motion ; 3rdly, the simultaneous 


elevation of three wires placed parallel to each other, resting at one of 
their ends over the axis of the eccentric, and their free ente’ 
corresponding holes in the grooved frame. These three wires are n 
fixed to the axis of the eccentric, but each of them rests against it by 
the upward pressure of a spring, so that when a light press' 
exerted on the free ends of either of them it is capable of being 
separately depreased. When the slip of paper is not inserted, and the 
eccentric is in action, a pin attached to each of the external wires 
touches, during the advancing and receding motions of the frame, a 
different spring, and an arrangement is adopted by means of insulation 
and contacts properly applied, by which, while one of the wires is. 
elevated and the other remains depressed, the current passes from the 
voltaic battery to the telegraphic cireuit in one direction, and passes 
in the other direction when the wire before elevated is depressed, and 
vice versd ; but while both wires are elevated or dep’ the passing 
of the current is interrupted. When the prepared slip of paper is 
inserted in the groove and moved forward, whenever the end of one of 
the wires enters an aperture in its corresponding row, the current 
passes in one direction, and when the end of the other wire enters an 
aperture in the other row it passes in the other direction, By this 
means the currents are made to succeed each other automatically in 
their proper order and direction, to give the requisite variety of signals, 
The middle wire only acts as a guide during the operation of the cur- 
rent. The wheel which drives the eccentric may be moved by the 
hand or by any motive power. Were the movements of the trans- 
mitter effected by machinery, then any number might be attended to 
by one or two assistants. Instead of a voltaic battery, a magneto- 
electric, or an electro-magnetic machine may be used as the source of 
electric power, in which case the transmitter and the magneto-electric, 
or electro-magnetic machine form a single apparatus, moved by the 
same power, and so adapted to each other that the currents are pro- 
duced at the moments when the pins of the transmitter enter the 
apertures of the perforated paper. The transmitter requires only a 
single telegraphic wire. 

The third apparatus is the Recording or Printing apparatus, which 
prints or impresses legible marks on a strip of paper corresponding in 
their arrangement with the apertures in the perforated paper. The pens 
or styles are elevated and depressed by their connection with the mov- 
ing parts of electro-magnets. The pens are entirely independent of 
each other in their action, and are so arranged that when the current 
passes through the coils of the electro-magnet in one direction, one of 
the pens is depressed, and when it passes in the contrary direction the 
other pen is de d; when the currents cease, light springs restore 
the pens to their usual elevated positions. The method of supplying 
the pens with ink depends on the principle that a liquid will not flow 
from a capillary opening unless it be electrified. Accordingly a shallow 
reservoir is made in a piece of metal, gilt within, and at the bottom of 
this reservoir are two capillary holes ; the ends of the pens are placed 
immediately above these small holes, which they enter when the 
electro-magnets act upon them, carrying with them a sufficient charge 
of ink to make a legible mark on the strip of paper which passes 
beneath them, The motion of the strip is produced and regulated by 
apparatus similar to that employed in other register or printing tele- 
graphs. Among the auxiliary improvements is a , for 
converting the points or marks into the ordinary alphabetic characters. 
In this instrument there are nine finger-stops in two parallel rows of 
four each and the remaining one is placed separately, There is also a 
wheel on the circumference of which are placed at equal distances 
thirty types, representing the letters of the alphabet and other 
characters, Other mechanism is so disposed and connected thereto, 
that when the keys of the upper row are depressed the wheelis made to 
advance one, two, four, or eight steps or letters, and when the keys of 
the lower row are depressed the wheel advances two, four, eight, or 
sixteen steps respectively, By this arrangement, when the stops are 
touched successively in the order in which the points are printed on 
the paper, touching the first stop for one point, the first and second 
for two points, &., and selecting the stops of the upper or lower row, 
according as the point is in the upper or lower row of the printed 
ribbon, the type wheel will be brought into the proper position for 
placing the letter corresponding to the succession of points over a 
ribbon of paper. The ninth stop, when it is pressed down, acts so as 
to impress the type on the paper, to cause the advance of the paper, in 
order to bring a fresh beneath the type wheel, and subsequently 
to restore the type wheel to its initial position. 

Professor Wheatstone remarks, that for the profitable working of & 
telegraphic line, the operator should manipulate as rapidly as is con- 
sistent with the correct transmission of the message ; but this requires 
skill, even when the language of the despatch is known, but in a 
language unknown to the tor, or in cipher, he must proceed with 
caution and slowness, Under the new system the messages 
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can be transmitted with equal rapidity in whatever language or cipher 
they may be, and the perforated bands may be prepared at leisure, and 
even be subjected to the revision of a corrector. 

Although this system is being extensively introduced in the metro- 
polis and elsewhere, it does not interfere with the working of other 
companies, such as the Electric and International Telegraph Company, 
as it is now called, which transmits m not only to all parts of 
the United Kingdom and Ireland and the Continent, but also by street 
lines between various parts of the metropolis, its central station in 
Lothbury gathering up the messages from its branch offices, and trans- 
mitting them to distant stations. Arrangements are made for sending 
™m at small cost between any of the metropolitan stations, of 
which at the time we are writing there are about 33. In addition 
to these stations there are wires hetween the Octagon Hall in the 
Houses of Parliament, and the St. James's Street Commercial Station, so 
that during the sitting of Parliament an abstract of the business of the 
two houses is made every half hour as it proceeds, and is posted up at 
the various club-houses, and also at the Italian Opera House. Members 
can thus know whether their presence is required in the House or not. 
The Opera House wire communicates with the Strand office, so that 
messages may be sent thence to all parts of the kingdom. The 
zOV ent wires from Somerset House to the Admiralty, and 
thence to Portsmouth and Plymouth by the South-Western and Great 
Western railways. 

The Portsmouth and Plymouth Dockyards also communicate by 
means of subtesranean lines with the naval establishments at Deptford, 
Woolwich, Chatham, Sheerness, and with the Cinque Ports of Deal 
1d Dover. These wires are worked independently of the Telegraph 
Company, and the messages are sent in cipher, the meaning of which is 
not known to the clerks who transmit the signals. There are also 
i ing from Buckingham Palace, and the chief Police Office in 
Scotland Yard, to the station at Charing Cross, and thence on to 
Lothbury, whilst the Post-Office, Lloyd's, the Stock Exchange, and 
the Corn Exchange, communicate directly with the Central Office. 

At the present time almost every important town in Great Britain 

furnished with means of telegraphic communication to other 
towns. As fast as any new railways, whether trunk or branch lines, 
are opened, so surely is the telegraph laid down; insomuch that 
the length of telegraph is nearly coincident with the length of rail. 
The exceptions to this rule are so few as scarcely to disturb the 
simplicity of the rule itself. From numerous places in the metropolis, 
messages are every day being quickly flashed to Aberdeen in one 
direction, to Liverpool in another, to Dover in a third, to Southampton 
in a fourth, to Plymouth, to Milford Haven, to Holyhead—indeed, to 
almost all our outports, and to nearly every inland town of any com- 
mercial i A system is everywhere acted on, that the 
principal railway stations shall at the same time be telegraph stations, 
some of the wires being for public use, and the others for railway use. 
The have been and are being gradually lowered, to the great 
advantage of all parties; and the now sent are of countless 
variety—the price of funds, the state of the markets, orders to purchase, 
the arrival of ships, what cape have just hove in sight, what ships 
have foundered, the receipt of important news, the Queen’s speech, 
the result of elections, the divisions in a debate, the running of a race, 
the progress of the Court while travelling, the state of the weather, the 
direction in which a great storm is travelling, the verdict of an 
_ important trial, the sending for a doctof, the detection of a thief or 
‘murderer, inquiries after health, announcements of illness or of death, 
inquiries after lost luggage—these are only some of the open or 
confidential communications intrusted to the wires. Nor must we 


z 


fierce battle) brought under water as if brought on dry land. 

On the continent of Europe we find slanveptle Wien tamifying in 
all directions. Nations were never more struck with the wonders of 
the electric telegraph than on the occasion of the death of the Czar 
Nicholas in 1855. On the 2nd of March the Earl of Clarendon announced 


m telegraphed to Berlin from St. Petersburg, and 
all in four Sees cer + 


ae ‘Austria, = beat 4 connection is nevertheless complete ; 
nd telegrams are a-month transmitted to us relating to Indian 
affairs, brought to Trieste from Alexandria. Italy, in railways and in 
hs, is in arrear of Austria; and Spain is lower on the list than 
Turkey, to the great astonishment of many of the Osmanlis, 

made a sharer in the ing, high-pressure operations of 
: she possesses an electric ph, extending from the 


Austrian frontier to Constantinople; and messages can now be flashed 
from London. to the seat of the Ottoman empire. We have already 
glanced at other submarine lines, and must now conclude. 

In sending messages in the United Kingdom by telegraph, either 
cipher may be used, or the ordinary signals known at the Telegraphic 
Office ; but such is the jealousy of despotism, that on the continent of 
Europe cipher is never permitted, except by the governments for their 
own use, 

An interesting use of the sub-way telegraph may be here noticed. 
In proportion as the use of Greenwich time has become familiar on all 
the English railways, so has it become important to ascertain this time 
with precision, in such a way as to enable all the station-clocks to be 
regulated thereby. This is one purpose of the time-ball in the Strand. 
The Electric Telegraph Company, the South-Eastern Railway Com- 
pany, and the Astronomer Royal, have acted in conjunction in the 
establishment of this plan. A subterranean wire has been carried from 
the Observatory, through Greenwich Park, and across Blackheath to the 
Lewisham station of the North Kent Railway ; thence to the London 
Bridge station ; and thence to the Telegraph office in the Strand. At 
the top of this office has been erected a hollow shaft, up the interior of 
which the electric wire is carried, and a large light ball, capable of 
moying eight or ten feet vertically, slides easily up and down near the 
top of the shaft. At ten minutes before one o'clock each day the ball 
is raised nearly to the top of its shaft or spindle; and at five minutes 
before one it is raised quite to the top. At one o'clock precisely, 
exact to a single second, the great or master-clock at Greenwich 
Observatory puts in action a small piece of mechanism which sends an 
electric shock through the wire to the Strand ; the wire at this end is 
connected with another piece of mechanism, which releases the ball 
and allows it to fall suddenly, The ball falls upon a kind of piston in 
an air-cylinder, so as to break the force of the concussion. As this 
ball is 130 feet above the level of the Thames; as it is six feet in 
diameter, exhibits bright colours, and falls through a considerable 
space, its descent can be seen for a great distance on all sides; and all 
who choose to regulate their clocks and watches by this standard can 
do so, An electric clock with four dials, illuminated at night, has been 
put up on a pillar in front of the office; it indicates Greenwich time 
at all hours. The various railway stations receive their time from the 
Strand office, which is the medium of communication from the 
Greenwich Observatory. There can be little doubt that these arrange- 
ments will contribute powerfully to the adoption of Greenwich time 
in church clocks and 0 te public clocks, “So useful is this considered 
to be, that a plan has been under consideration for erecting an electric 
time-ball on the summit of the South Foreland; the descent of such 
a time-ball at one o'clock each day, could be witnessed by the captains 
of ships many miles out in the Channel, who could regulate their 
chronometers by this means, as the time-ball would show Greenwich 
time. It was ffs proposed that the electric current should fire off a 
gun at the same time and place, so that the sound might be heard if 
the descent of the ball could not be seen. This proposal has actually 
been adopted at Edinburgh and elsewhere. 

TELERYTHRIN. [Licuens, CoLourrya Marrers or.] 

TELESCOPE (from the Greek teléscopos, rndeoxdros, “ far-seeing”), 
an optical instrument consisting of a tube which contains a system of 
glass lenses having all their centres in one common axis, or a tube 
containing a metallic speculum in combination with such lenses : by 
either kind of instrument distant objects are caused to appear magnified, 
and more distinct than when viewed by the naked eye. Those which 
are constructed with glass lenses only are called dioptric, or refracting, 
and the others catoptric, or reflecting telescopes. In the former kind 


‘the rays in the pencils of light which come from every part of the 


object viewed are, by the first lens on which they are incident, made 
to converge so as to form an image at the focus of the lens. In some 
cases the rays in each pencil are intercepted by a second lens, and, by 
its refractive power, are made to enter the eye in parallel directions : 
in other cases, the rays, after having crossed each other at the place 
where the image is formed, fall in a divergent state upon a second lens, 
and by it are refracted so as to emerge from it in parallel directions. 
Frequently, however, the parallelism of the rays is effected by two or 
more lenses in addition to that, called the object-glass, by which the 
image was formed. In reflecting telescopes an image is formed by the 
reflection of the rays in the pencils of light coming from the object, after 
having impinged upon the concave surface of the speculum: in some 
cases this image is viewed through one glass lens or more, but frequently 
the rays, before or after forming the image, are reflected from a second 
mirror, and are subsequently transmitted to the eye through lenses. 
By these instruments objects even in the remotest depths of space 
are rendered accessible to human vision; and terrestrial objects faintly 
visible in the.distance are brought, as it were, close to the eye. In the 
hands of astronomers they were the means, almost immediately on 
being invented, of making more discoveries in the heavens than had 
been made during 5000 years previously; they form a valuable addi- 
tion to the instruments employed by the mariner and the surveyor, 
and they will ever constitute the most agreeable companion of the 
traveller, by enabling him to distinguish, in every direction from him, 
objects which it might be difficult or impossible for him to approach. 
n exhibiting the principles on which a telescope is constructed, it 
will be proper to commence with an explanation of the means by 
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which the image of an object is formed at the focus of a lens or of a | or to meet it in points beyond v and r, towards y : the cur- 
mirror. With respect to a lens, if it be of the kind called | vature of this lens to be such that the red rays in the PQ would, 


conver [Lens], the rays in the pencils of light which proceed from every 
zomg pues, to A? 3, fy. 1, in passing through the lens, supposing 


Fig. 1. 


the latter to have a proper degree of curvature, are made to con- 
verge by the refracting power of the glass at points, as a, F, and 4, and 
the assemblage of such points constitutes an image of the object: if a 
screen were placed at F dicularly to the axis pF, the object would 
be represented on it, in an inverted position. ; 

If the lens were of a concave form, the rays in the several pencils, 
after passing through it, would be made to diverge from one another, 
and consequently no image could be formed: yet if the directions of 
the rays, after refraction, were produced backwards, they would unite 
between the lens and the object, in points corresponding to those 
which constitute the image formed by the convex lens. : 

If the rays in the pencils of light ing from different points, 
A, P, B, fig. 2, in an object are reflected from the surface of a concave 


Fig. 2. 
A 


B 


and in that case no image is formed. 
Now, if the object aBbe so remote that, in each pencil, the ra: 
incident upon a lens may be considered as parallel to one another, the 
int P is called the principal focus ; and in the article Lens, there will 
be found a collection of formulz for the reciprocals of the focal lengths 
of lenses of all the different kinds; it being understood that the 


diameter of the lens is small, which is generally the case with telescopes, 
and that the light is homogeneous. But, since all light is not of one 
kind, and a lens acts like a prism in causing in each pencil the rays of 
the differently coloured light to diverge from one another, it follows 
that each of the coloured lights will form its own image at its proper 
; and the image formed by light of one kind being seen by the 


Z 
- 


Licut; Dispersion.) It may be observed that the princij Hexic hed 

fr 5 Fi 
formule in Lens, by substituting in them the value of « (the index of 
refraction) for the given kind of light. 

Thus, in an optical instrument, in addition to the distortion of the 
image arising from the sphericity of the lens, there is an indistinctness 
caused by the of the different colour-making rays; and, in a 
good telescope, it is requisite that both of these imperfections should 
as far as ble be removed. The chromatic aberration, as the dis- 

the colour is called, constitutes by far the greater evil of 
the two, for Newton has shown that it exceeds the former nearly in 
the ratio of 5449 to 1; but fortunately it is that which, to an extent 
sufficient for practical purposes, admits of being easily co: 

Since different kinds of glass have different degrees of dispersive 
pre, it is evident that the chromatic aberration may be diminished, 

not wholly removed, by causing the light to pass through two lenses 
of different kinds of glass, and of such forms that they may refract the 
rays in each in opposite directions, The object-glass of a tele- 
Jer 5 tage #0 formed is said so be achromatic, and the manner in 
w the effect ia produced may be understood from the following 
description. Let rq be the direction of a pencil of compound = 
incident on the first surface of the convex lens a 8, fig. 3, in a direction 
parallel to the common axis, x ¥, of the two lenses. By the refractive 
power of this lens (crown glass) the red rays in the pencil would, if no 

were interposed, in the direction qb, meeting x ¥ in r, 
and the violet ray in pencil would proceed in the direction qc, 
meeting the axis inv. But the refractive power of the concave lens 
CD (flint glass) acta, from its form, in a direction con to that of 
the convex lens, causing the rays either to diverge from the axis x y, 


after refraction in both lenses, meet the axis in F (the ray Qbr taking © 


Fig. 3. 


the direction br); then the dispersive power of this kind of glass 
exceeding that of the other kind, the violet rays in the refracted i} 
will tend farther away from the axis than the red rays do, and thus 
will tend towards the latter; the ray Qcv, for example, taking the 
direction er. It is conceivable, therefore, that the curvatures of the 
surfaces of the lenses may be such that, in each incident pea 
red and violet rays (the extreme rays of the s ) , after 
refraction, unite at the place of the image ; and thus the fringe due to 
these two colours may be destroyed. 

lf the two kinds of glass dispersed the different colour-making 
in the same proportions, their contrary refractions would cause all 
colours to be united on the image formed at F : no two kinds of glass 
have, however, been as yet discovered which possess this ; 
and therefore the red and violet images only are united : fort ii 
in uniting the extreme rays of the spectrum, the others are brought so 


co mayne determined on obtaining, from the common theorems 

ic expressions for the focal lengths of the compound 
lens for each of those kinds of light, and making the e equal 
of the curve 


=o eo oo: 


but since, in the present case, the lens may be supposed to be isosceles 
(R=8), we have F= iat 
In like manner the focal length ¥’, of a double concave lens of flint 
glass, R’ being the radius of each surface, and y’ the index of refraction 
for red rays, is equal to ~ aq zap the rays being incident near the 
axis. 
Hence, by a fundamental theorem in optics, 
EB eel eee See RR! 
w—l ~ p—l * pi ** Bu) * 2fR(e—1)—R2W—} 


and this last term is the focal length of the compound lens for red 


2(u—1 2(u’—1 
rays, Tea. reciprocal is equal to A=") _ 2H) nich, in the 
algebraic sense, is the sum of the reciprocals of the focal lengths of 
the separate lenses. 
On writing «+84, and p’+ Sy’, in place of u and »’ in the last 
ion, we have for the reciprocal of the focal length of the com- 
pound lens for violet rays, . 
2(m+3u—1) (w+ Bu'—1) 
R _ Rr’ . 


In an achromatic telescope the focal lengths of the compound lens 
for red and violet rays are to be equal to one another; and it is 


evident that this condition will be fulfilled when “ _ * =0. From 
the antecedents 


length 
, those of the 
assumed at pleasure, ° separate 


achromatic telescopes 

first and third are of the 
crown 
glass, 
third lens as for the first, if the radius of each surface of the third lens 
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‘ the reciprocal 
lenses for red rays will 


2(u—1) 


the principal focal lengths of the separate 
Qu’—1) | 2u—I)_ 


_ 7 Fy R 


gs 


Bu Bee (i, 1)_¥ 
J Soe tg ahorn(> + 5) = 5. 
But 7 is known from tables of the refractive indiees for different 


is the aberration. Here, neglecting the thickness of the lenses and 
interval between them, 
=H Wen | wt+2)2 =. 
{5-7 + Se} gate 


(® and s being the radii of the two surfaces of the convex lens), and 

wT ey Bye! sot+2) 2. 
t=" int wat + “yn? ~ vine [2° 
Rs’ 


where ¥ is the principal focus of the convex lens, and n’= — —— 


SE Seen eee cee ennen ct the comcere lens.) 
t is evident that, in order to correct spherical 
values of the radii of the 

equation ¢ + q'=0. 
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i reno Sameaed lenaes 
a, egg i ,' 1821), has also investigated formule 
the values of the chromatic and spherical aberrations; and 
a Littrow, of Vienna, setting out with Euler’s formula for spherical 
Ps (‘ Dioptrica,’ tom. iii., 1769), and introducing in it the 
values of the focal lengths of two lenses so that the former i 
Bee pe cirTested, hea obtained two uations from which the radii of 
may 


FE 


‘ which possesses some facilities for 
_ computation, and on that account it has been adopted in the following 


process. 
The radii of the surfaces of the first lens may be determined on the 
‘supposition that the whole refraction of light in passing through the 


Fig. 4, 
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leh it eee teed Eee Pere 
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is a minimum ; that is, that the incident and emergent rays make 
jual angles with the surfaces, or with those radii. Thus let a ray PQ, 
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Jig. 4, be incident on the first surface in a direction parallel to the axis x ¥ 
of the lens, and infinitely near it; and RQ7v being the radius (=R) 


produced, of that surface let the angle PQT of incidence be repre- 
sented by @; then w:1::a:% (=nq», the angle of refraction at 
that surface), But if r’gr’ be the radius (=s) produced, of the 
second surface ; then, in the triangle r’qr, neglecting the thickness 


R 
of the lens and substituting arcs for their sines, s : R : ia@iza; and 


“ a+a— = (=1'Q®) is the angle of incidence on the second surface : 


and, by optics, 1 is tou as this last angle is to ““* + a(u—1), the 
angle of refraction (='r'Q ¥’) at the second surface. But by hypothesis, 


R 2— 
this angle is to be equal to a ; therefore > = = Again, by optics 
wo; + AF is equal to the focal length of the lens ; and supposing 
R—aztl 
—e : equating this last 
2— —1 2(u—1 
term with = above, we get ve. a) whence o= AN), 
Therefore the two radii are found on the supposition that the focal 
distance of the lens is unity. 

Now PQt being the angle of incidence as above, and QF the direction 
in PQT 
of the ray after one refraction, we have by optics, sin RQF= = ; 
and by trigonome _in the triangle rer, 

+1); 


sin RQF ( 
sin Pqr? “A MF=R sin QP 


also, representing the thickness aN of the lens by ¢, 


this to be equal to unity, we obtain = = 


sin RQF 


RF=R 


+ 1) +3—t. 


sin P’QF=sin T'QF; 


¥ —t 

consequently by optics, ao » sin Y Qr=sin 1’Qp’ or the sine of 
the angle of refraction at the second surface, : 

Now 1’Qr’—1’Qr+pr’Qr=Qr'M, or the angle which the second 
refracted ray makes with the axis of the lens: but by trigonometry, 
in the triangle rn’ qr’, we have 

sin QF ) 

sinver ~1): 


sin T’QF 

sin P’qv? Whence xr’ =s 
Suppose next a double concave lens, the centres of whose surfaces 
are at Rn" and Rr”, and whose radii are Rand 8’, to be applied to the 
convex lens on the side n : then, neglecting the thickness of the con- 
cave lens and the distance between the two, and supposing QF", QF’ 
to be the directions of the ray of light after the third and fourth 
refractions respectively, we have in the triangle r’Qr’, by trigo- 


Rr’ =s8 


sin P’Qr’=sin T" QF, 


or the sine of incidence on the first surface of the second lens ; and by 
optics 
; R’+s'r’ | 
«in P’Qr’=sin T" QE", 
But P’qr’/—(r" Qr’—1’Qr")=P' qr”; and in the triangle R”Qr”, by 
trigonometry, we have 


sin 1’ QP” OF " 
sin P’qr” -1); and considering Nr” to be 
equal to 8’, x” ¥” will be equal to nr”—s', 

Again, in the triangle wn qr", we have by trigonometry, 


Nr’ —s! 
sin R/”Qp"= Sarr sin Qr’N 


wherefore nr’”=n’ 


for the sine of incidence on the fourth surface ; therefore, by optics, 
Sal 
of 
the sine of refraction at the fourth surface ; then 
Q PF’ x — (1 qr! — t’’qr’”) =Pp/Qqr’”’, or =Q F’’N : 


ra sin Qr’N= ain r'’Q rl, 


er eee ee. Oa 
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ana by trigonometry, in the triangle qr”n”, we have about its axis, then all the rays in proceeding fom a very 
pose (eax remote cect, a ome of th clay a ting it ot 
myrt a! -————,—, toe um ina direction parallel » would, nature | 
wy” = 8 Gin ge'n? Nd Y= 8 \ in ge +1), e parabola, converge accurately in the focus of the curve; and on 
the focal dist ob ths coll 4 lode. Bis shoount, an ofitcS Ss elere me © eve ee 


These values being reduced to what they become when the incident 
ray PQ is infinitely near the axis of the lenses; that is, when the angles 
are substituted for their sines, there may be obtained 


R a-—1 6 “as 
0 ea. Tey fall abe 
Rr’ Rn’ p—i 8’ su! 


— = arn + ae and 7 => + w—L 

By means of these equations, eliminating the quantities mv, Nr’, and 
xr", and powers of ¢ above the first, there may be obtained a 
value of xr? then differentiating this value with respect to to 4, p', 
and xr’, and making the resulting value of the differential of wr’” 
equal to zero (which is a condition necessary in order that the chro: 
matic diepersion may be cotrected for rays near the axis), there may be 

1 ~ 

obtained a value ot = + me Again on substituting -“—*) for n, 
2(u—1) 
2—4 


¥ai— BSR reds dS + at and 


hades 1 om 
at? = — pay fh ++ th 


and for 8, as above found, there will result 


Now the value of wr’” may be per ag Ba st from the formule 

first investigated ; assuming different values of Rr’, and sub- 

stituting them in the last equation, let the corresponding values of 

8’ be found. : With these values of s’ find corresponding values of 
HY Ls at 

v (SRN Si +1); that is, of s#”, and proceeding according to the 


usual methods of trial and error, there will at length be found a value | i 


of xP” seitle Shank sees ras tenaneeae Te oe See ete 


Investigations relating to the dispersion of light, and rules for com- 
ting the radii of curvature for achromatic Bs will also be 
found in an essay by Mr. P. Barlow of Woolwich, printed in the ‘ Philo- 


been taken to remedy this evil are noticed in the following article on 

the telescope, [Tetxscorr, Hisrory or,] but we may 

here mention that in the ‘ Transactions’ of the Royal Society of Edin- 
ven an account of some experi made 

the fluid medium, 

pletely achromatic, By ad id ules acid to 

lens com uid im to 

lords of mercury, he 


obtained an br greg. ope which the chromatic aberration was entirely 
said to have thus constructed one of 9 inches 


— so made were for some years on sale in London 
rom the crystallisation of the fluids, or the negligence of the artists in 
com ing them, the telescopes became imperfect, and gradually 
fell into disuse. 

Dr. (Sir David) Brewster, in his ‘ Treatise on New Philosophical 
Instruments,’ recommends the employment of sulphuric acid and oil of 
cassia for the composition of fluid lenses, by which the secondary 
— may be destroyed; the acid being, of all known substances, 

t which exerts the greatest, and the oil that which exerts the least, 
action on the green-coloured raya, The correction of the chromatic 
dispersion 4 means of fluids was also attempted by Mr. Barlow, as 

© following article. But probably from imperfections in 
the forma of the glasses, the images of objecta were found to be not well 


light ; for the angles of incidence being equal to those of reflection, in 
any pencil coming from a t in an object, all the rays will conv 

to one point at the place w the ia formed. If the surface of 
the speculum were that which is by the revolution of a parabola 


; fo Sand ot s. commye em, 22; 


of the um a parabol 


ever, hold good the pencils which on the 
to the aie | ant theretcce het SSS ee 
when the telescope is to be used for terrestrial objects, be 
when it is to be employed for purposes; for then, on 
several of light: 


account of the great distance of the objects, the , 
fall on the mirror with very smal obliquity to ita axin 
The telescope invented by Galileo consi 
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lenses, righ which are placed at a distance 


the'surm of their focal 1 For the image being formed at the fo. 
z, of the lens aB, which is nearest to the object, as in the Galilean 
telescope, and being supposed to be a plane suriace, the light also being 
Fig. 6. by 
o 
A Pp oC 
ha - x 4 
ae een emescnsee-lewian, 
— & 
P B 270 . 
D 
supposed to be homogeneous, the rays of each , after crossing at 
the focus and i 


from thence in a sag paper eins oe | 


If xo be the direction of axis of a pencil of li it coming from 
0, one extremity of the object or, which is su to be so remote _ 
that all the rays in each pencil may be considered as ) 
another ; then the angle z xo is half the angle under w! 
oP would be seen by an eye at x without a telescope, while the rays of 
that pencil entering the.eye at in the direction D8, which is 
to oy, the angle z Yo is the angle under which the same object is 
seen when viewed through the telescope. Now these angles are to one 


another nearly as zy to zx; therefore = will express nearly the “J 


magnifying power of the instrument. As the pencils of light from 0 
P cross the axis of the at & before they are united on the 
retina, the image of the object or is formed in the eye in a position 
contrary to that which is formed when the object is viewed without 
the telescope; therefore, on looking through the latter, the object oP 


erge | ap to be inverted. 


ut the formed at op, instead of being a plane, is nearly on a 
partion stat aaieeaaal surface whose Santee nat pe infor 


of one convex AB, ; 
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hand, in order that the in each pencil may after refraction in cp | instrument, if attention is paid only to the rays which suffer a mean 
oe parallel ter Ga aor ¢ it to 4 from a t nearly | refraction, the first eye-glass, or that which is nearest to the object-end 
in 


ose centre is at y, the two spherical 
at 2: i 


a order finally to the rays in each 
parallel to one another. Thus, if it be required to preserve the 
Fig. 7. ' 
Cc 


Q «K 


x 
‘ MH D 
same magnifying and field of view as might be obtained with any 
single ; let, as before, x, fig. 7, be the place of the object-glass, 


be the assumed place of what is called the 
and draw oH to x Y, the axis of the telescope, 

XD in 8; also thr H draw MHK parallel to 0, cu 
0, or Go produced, in m : draw MN i to the axis o 
, and MR ]j to ox; also Ra ye «ceria ad 
the axis. yay S0 peste 0Q to meet Xo in u, and uv 
oleae, to Se a4 , from the principles of optics, if a 
be placed at c, having its focal length equal to Gv, and another at 
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If the G and k of the two io Bre (08 belhg very 

near op; its focal length being also known), and it be required to 

ee © et a be ted ie lee rage in, eh cil 

may ah YS Peralid & ons another, PA leigth might be 

d Py hy seth, Sage ed In a pencil of rays each 

other at 1, fig. 8, let um be the direction of 4 mean ray, and ur, Hv those 
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the given 

be to Rw as 28 to 27. For this purpose, 

let them be represented. by Fahd By nibs lt Ges 

; e aand b; et the angle Hr Ww 
0: by tri etry we shall have, a few 

a—28 cotan. b=cotan, 6. 
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t of objects in the same position as 
pret phy Bday? eye, a telescope may be fi 
besides the object-glass, In the construction of this 


of the telescope, may be between the image formed by the 
object lens and the eye, with the foci of the two lenses in coincidence ; 
this means the rays in each pencil will emerge from the first eye- 
in directions parallel to one another, those of the pencils which 
are oblique to the axis of the telescope crossing each other at some 
point in the latter axis. A second eye-glass is then placed at any 
convenient distance from the former, beyond the place where the 
oblique pencils cross each other; and by this lens a second image is 
formed in a position contrary to that which is formed by the object 
lens. Lastly, the third lens being placed between this image and the 
eve at a distance from the former equal to its focal length, the rays in 
several pencils will oes 4 parallel to one another, and an erect 
image of the object will thus be formed in the eye. 

The ratio between the angles under which an object would be seen 
by the naked eye, and that by which it is seen in the telescope, is com- 
pounded of the ratios of the focal lengths of the several lenses; 
thus, if y be the focal length of the object-lens, f’, f”, f’” those of 
the eye-lenses, reckoned in order towards the eye, the expression 

r.f” ; 
fava will denote the magnifying power. 

But both the spherical aberration and the chromatic dispersion in 
such a telescope are very considerable ; and before the invention of the 
achromatic obj » Mr. Dollond endeavoured to diminish the 
former by an eye-tube consisting of five lenses disposed so as to divide 
the bendings of the pencils peer equally between them. Such 
telescopes are not now used; and Mr. Dollond succeeded at length in 
constructing telescopes with four eye-glasses, from which both dis- 
tortion | colour are remoyed as much perhaps as a removal is 

This is accomplished by placing the first eye-glass beyond the image 
formed by the object-glass, and at a distance from it less than the 
focal 1 of that eye-glass; by this disposition the rays of mean 
refrangibility in each 1 gag which div from the image are not, 
after refraction, to one another, but go on with diminished 
divergency. A little way beyond the place where the axes of the 
oblique pencils cross the axis of the telescope there is placed the 
second eye-glass, which is of such focal length that the mean refrangi- 
ble rays in each pencil, after ing through it, meet in a point, and 
thus a second image of the object is formed near the eye: the use of 
these two lenses, therefore, is to cause the second image to be formed 
bya ual convergence of the rays in each pencil. But the several 
pencils of rays are intercepted by the third eye-glass (commonly called 
the field-glass), and the second image is thereby formed rather nearer 
to the first than it would be without such field-lens: from this image 


the rays in each pencil diverge, and by the refractive power of the 
fourth eye-glass they are made to enter the eye in el directions : 
thus distinct vision of the external object is obtained. The field-glass 


might have been placed between the eye and the second image, as in 
the Huyghenian eye-piece before deaittoed ; but the aberration arising 
from the sph form of the glasses is a little less by the construc- 
tion just mentioned. , 

Now, in each pencil, the red and violet rays which had been united 
at the image formed by the object-glass, which there crossed each 
other, go on from thence diverging from each other till, on the oppo- 
site side of the axis of the telescope, bigs fg upon the surface of the 
second eye-glass : after through this lens, the violet ray, which 
is always more than the red ray, gradually cony towards 
the latter, and at length meets it in some place short of that at which 
the rays of mean refraction unite to form the second image. The 
is to fix the third or field-glass eae AI nearly at the place 
where the red and violet rays so. unite in the pencils; for the 
different coloured rays each other in that place, they are 
finally, by the refractive power of the fourth eye-glass, made to enter 
the eye in el directions, and thus afford a view of the object 
Pe ing Ue avec’ oo 1 i be obsery 

n fo e of telescopes it ma; te) ed that 
they should be such as will allow the incident and Lcatint pencils of 
rays to be nearly equally inclined to their surfaces: on this account 
the first and fourth eye-glasses are of the plano-convex form; the 
flat side of that which is nearest to the object-glass being towards the 
latter, te ds deni OF toast a th me 

Besides the power ifying objects, that of affording distinct 
vision with given quantities of light is often an essential requisite in a 
telescope, i ly to naval men, who have occasion during the 
ight to keep in view a ship of which they may be in 


e-pene- 
trating power of telescopes” was printed in the ‘ Philosophical Transac- 
tions’ for 1800. 

Herschel states that he was aware of this property of telescopes as 
early as the year 1777, when he had constructed a Newtonian telesco; 
with a A pid, be whose focal length was 20 feet : for, on directing the 
instrument to a church-steeple at a considerable distance, he could 
distinguish the hour by the ddk, though with the naked eye he could 
not see the steeple itself, In order to obtain a formula for the space- 
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ga ing power, he observes that the quantity of light op by The magnifying power of a reflecting telescope of this kind is ex- 
the natu il, or wi 


eye varies directly with the ape re ee 
the square of its radius, and inversely with the square 0! distance 
of the object: also that the quantity of light transmitted by a tele- 
scope, supposing none to be lost in the reflections from the mirrors, or 
in refraction through the lenses, will vary directly with the square of 
the radius of the aperture and inversely with the square of the distance 
of the object. But, from experiments on the measure of light, it 
a that the whole quantity incident upon a plate of glass is to 

e quantity transmitted through it as 1 is to ‘9381, or to the quantity 
ost as 1 is to 0619; and from this, the whole quantity of incident 
light being unity, an estimate may be made of the uantity of light 
transmitted through all the lenses of a Ager apse ng Tag es 
quantity lost in reflection from mirrors Sir W. Herschel found that 
out of 100,000 incident rays, only 45,242 reached the eye after two 
reflections. 

Let the prapag of incident light be to that which arrives at the 
eye a8 1 tom; then r being the radius of the pupil, and x that of 


the aperture of a telescope, < will express the ratio between the 


quantity of light transmitted to the naked eye, and through a dioptri¢ 
telescope : therefore the space-penetrating power varying with the 


square root of the quantity of light, 5 4/m expresses the penetrating 


power. With respect to reflecting telescopes, if n’ be the radius of 
the small speculum, the penetrating power. will be expressed by 


1 4 
- Vim(n?—nr")}. It is necessary to observe that, in these expressions, 


it is supposed that the pencil of light transmitted by the telescope is 
not greater than the pupil of the eye. 

It has been said above that, in reflecting telescopes, a speculum at 
one extremity of the tube serves the purpose of the object-glass in 
refracting telescopes by forming an image at its focus; and the manner 
in which, in the former instruments, the image is transmitted to the 
eye remains now to be explained. 

The following diagram represents a longitudinal section through the 
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axis x ¥ of the instrument, which is supposed to be of the Gregorian 
kind. 48 is the tube which contains the specula, and is open at the 
end cB; and at the extremity nearest to the eye of the observer is a 
tube EF taining two | MN is the anterior surface of the 
great speculum, which has a circular oration, mh, at its centre: G 
is a small speculum, concave like the former, its surface being either 
spherical or parabolical, It is connected with the side of the tube a B 
by the arm HX, and is capable of being moved in the direction of the 
axis x ¥ by means of the rod ps: the latter passes through a knob Q, 
which is fixed to the side of the tube, and works in the knob k, which 
passes through an oblong oration in the side of the tube, and is 
attached to the part K of the armuxk. This movement is given to the 
small mirror in order that its focus may be made to coincide with the 
place of the image formed by the great speculum; that image being 
at different distances from the latter according to the distance of the 
object from the observer. 

Let o be the upper part of an object, and let on be the direction of 
the rays in a pencil of light diverging from 0; the rays of this pencil 
will, after being refi at N, converge to 0, which will be the lower 
part of the image of. From o the rays in the pencil diverge, and having 
fallen upon the small mirror at n, they are reflected from thence 
towards the eye-piece EF: having passed through the orifice mh, they 
fall on the lens at ¥, by which they are made to unite at p, where an 
image, pq, of the object is formed. From p the rays in the same 
pencil again diverge, and, falling on the lens at x, they are made to 
emerge in parallel directions, so that the eye is enabled to obtain dis- 
tinct vision of the object in the same position as if the latter were 
viewed by the naked eye. The rays, after being reflected at n, might 
with a due concavity of the smaller mirror have united, as at p’, in 
front of the mirror, and the second image might have been 


formed at p’q : in this case the rays in each pencil, after crossing one |: 
another, 


, would have fallen in a divergent state on the lens at F, and 
then, by the refractive powers of both lenses, they would have entered 
the eye in parallel directions as before. The positions of the lenses at 
x vy, and the curvatures of their surfaces, are determined according 
to the method of Hu ; and the construction differs in no respect 
from that which has been described in speaking of the eye-pieces of 
dioptric telescopes, 


pressed by the formula ==C#; in which vs is the focal length of the 
um from the 


and it is placed so as to intercept the rays from the great speculum MN 
before the image ot is formed; the rays of each pencil consequently 
fall in a convergent state on the small mirror, and, after reflection from 
thence, unite to form the image either at p’q’ or after refraction in the 
first eye-glass ¥, It is obvious that these telescopes, with equal mag- 
nifying power, will be shorter than the Gregorian telescopes by more 
than twice the focal length of the small speculum ; and it may be added — 
that, in some degree, the spherical aberration is corrected 
ti curvatures of the two mirrors. ? 
e Newtonian reflecting telescopes have one concave specul 

the bottom of the tube; and, in each pencil of light, the rays reflected 
from it fall ip soprengens eteNe apes a sel) plane mirror placed so 
as to make an angle of 45° with the axis xy of the 
the second reflection the rays unite and form an image 
through a Huyghenian eye-piece fixed in the side of the tube a B ,oppo- 
site the plane mirror ; that is near the open end of the tube. 

The great telescope constructed by Herschel differs from the New- 
tonian telescope only in having no small mirror. The surface of the 


great speculum, which is 4 feet in diameter, has a small ob! to 
the axis x y, so that the image formed by reflection from it near 
the lower side of the tube at its open end: at this place there is a 


sliding apparatus which carries a tube containing the eye-glasses. The 
observer in viewing, is situated at the open end of the tube, with his 
back to the object, and he looks directly towards the the 
speculum, the magnitude of which is such that the ra: 
by his head, in coming from the object, do not in any sensible degree 
— Se Pah care of a image. a4 as : 
‘ormer! great speculum of a reflecting telescope was pressed 
ko Sip Ga les Semen of springs attached to the pa side of the 
brass plate at a; but the vibrations of the springs to 
tremulous motions in the image at the focus of the mirror; and 
effect was so great as to render reflecting telescopes inferior to those 
the dioptric kind, The Rev. Mr. Edwards, who detected the cause « 
the tremors, at once removed it by taking away the springs (‘ Naut. 
Alm.,’ 1787); and the same gentleman further improved the 2 


ness of the image by enlarging the aperture to which the eye a 
It has been observed also that when the great Spain nearly in a 
vertical position, and consequently rests on its lower preg its 
hte i aapenegtira coeten Po atden eto lberky. oye of its polish 

surface : on this account it is recommended that the um should 


be made to rest on two small wedges, placed one on side, at about 


in the way of attaining distinct vision have increased, ir W. 
Herschel’s 48-inch reflector weighed 25 ewt., but the 6-feet lum 
of Lord Rosse weighs no less than 4 tons, This, as Sir John Herschel 


jpeculum metal, oe highly elastic an i is, as a 


br wooden back, with a single thin packthread interposed 
middle, all trace of figure was destroyed, and the surface was divided 


into two lobes, each producing an imperfect image of a star, connected 
with an i burr of light. rd Rosse found that a strong 
pressure of the hand at the back of his 6-feet speculum, which is 


nearly 6 inches in thickness, produced sufficient flexure to distort the 
image of a star; and in one of Foucault's silver-glass mirrors the 
excess of central pressure of a somewhat over-inflated air cushion 
destroyed distinct vision. The speculum, therefore, requires to be 


uniformly supported over every part of the back. Where the weight — 


does not exceed 200 or 300 lbs, a bed of several layers of even 
textured woollen blanket is sufficient, provided, as Herschel remarks 
“ the whole be supported on a back so strong as not to yield under the 
pressure in any part more than a small aliquot of the total compression 
of the cushion.” For small mirrors or for light glass ones an air- 
cushion is a good contrivance. For a very heavy one, such as Lord 
Rosse's six-feet speculum, an ingenious plan was adopted on the idea 
of the common “ splinter bar,” by which the pull of two, four, or eight 
horses drawing at once is equalised so as to distribute the work 
equally among them. The back of the mirror, supposed to be of 
uniform thickness, is divided into three sectors of 120°. Let the 
centre of gravity of each of these sectors be sustained b: = preteens 


knob, at one of the ular points of a slab of iron in 

equilateral tri , Which is itself sustained by a point under its centre 
of gravity. In this way each sector being separately s would 
produce no strain on the others, and the whole’ it would be 


equally distributed among the three points of support. But to prevent 


by the con- 


Pesto 
which is viewed _ 


4 
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the flexure of each it may be divided into three portions of 
equal weight, and the centre of gravity of each portion being found, 
it in turn is supported on a pin or knob on one angle of a smaller or 
secondary iron slab, which in its turn is supported on its centre of 
gravity-by resting on one of the points of the primary triangle. In 
5 the case of a six-feet speculum each of these secondary areas may be 
4 subdivided into three eal eeeey, areas simailacty supported on 
P tertiary triangular slabs each suppo' at its centre of gravity on one 
4 angle of a secondary one. In this way the mirror may be conceived as 
being subdivided into twenty-seven equal areas, each separately sup- 
ported at its centre of gravity, and thus not liable to bend by its own 
weight. In ice, however, certain levers are introduced, the 
action of which does not interfere with the principle of the contrivance. 
This clever arrangement, however, was defeated by the adhesion or 
stickage, as it is called, of the metal to its cushion, and this stickage 
amounted to two tons when the speculum was resting on the bottom 
of the tube. Hence it has been found necessary to suspend the 
speculum from above, by means of bands of steel or some other 
support. 
R reflecting telescope is liable to irregular action from currents of 
unequally heated air in the tube, which cause remarkable distortions 
and movements in the images of objects. Sir John Herschel (‘ Results 
of Cape Observations’) describes a method of substituting for the tube 
an open frame-work of iron which gets rid of the objection from 
counter currents of air. 
Under SrecuLum some details are given respecting the composition, 
the ing, and the polishing of specula. As similar information 
respecting lenses is not given under the article Lens, the deficiency 
may to some extent be supplied in this place; the reader desirous of 
Fig. 10, more ample information is referred to the 
third volume of Holtzapffel’s ‘Mechanical Mani- 


pee, 1850. The spherical surfaces of 
are formed by grinding the glass in 

> counterpart metal tools (fig. 10), prepared to 
~the proper curvatures with the assistance of 

grinding and polishing powders. The tools 


are in pairs, concave and convex, and these are 

first made to correct each other's errors, which 

they do on the principle which applies also to 

the lenses themselves “ of the natural tendency 

of two surfaces which grind each other by 

equable rubbing over every part to work each other into a spherical 

concavity and convexity exactly fitting.” (Herschel) Hence it is 
Ga spemea easy to form lenses into truly spherical surfaces, 

concave and the convex tools grind each othe: Lrue with the 

assistance of emery and water,-although Mr. Ross thinks greater 

accuracy is attained by using the emery dry. The glass tc: the lens 

is brought to the circular form by means of shanks or flat pliers of 

soft iron, or to save the material (since good optical glass is more 

than gold) selected fragments of glass blocks are softenea vy 

ing to redness, moulded to nearly the required form, and then 

annealed. Each lens is then coated on one side with a layer of 

cement, which is run into a ar mass sufficiently thick to be 

grasped, so as to forma handle: but if the lens is of large size it is 

cemented to a metal handle, as a wooden one would swell, The 

cement is made by mixing wood-ashes with melted pitch. The glass is 

first rough ground within the metal shell or basin (jig. 11), either with 

; river-sand and water, or coarse emery and 

Fig. 11. water, until the surface is brought nearly to 

the curve of the shell. The glass is rubbed 

with large circular strokes, and when the 

grinding has been carried far enough, the 

is warmed, the cement handle is shifted to the other side, and 

ing is continued on the second surface of the lens. The 


the concave and 
the convex brass tools are made to correct eachother. The grinding is 
continued with each size of emery, until the marks made with the 
teeing size are removed; everything being carefully washed 
ween the changes of sizes; for should a speck of a larger size get 
into the work it might make a scratch which would render it necessary 
to re-commence the grinding. The polishing is performed with the 
assistance of putty powder, sifted through lawn and enclosed in a box 
with a lid perforated with small holes; or still better, mixed with 
water in a corked bottle, which is shaken up every time the powder is 
ied, and allowed to subside for a few seconds. A small 

water is then taken out with a clean stick, and thrown 


powder are used. The powder is put upon a piece of. thick il Ute 
-oatri the 


itty | magnifying objects by refracting the light. 


at the same time it is twisted round in the hand, and also traversed 
gradually sideways, until the centre of the lens is brought to the edge 
of the silk, when the direction of the traverse is reversed. For the 
most carefully finished lenses, however, a pitch tool is prepared as 
described under SprcuLum. ; , 

Mr. C. Varley has described (‘ Trans. Society of Arts,’ vol. xlix.) a 
lathe for grinding and polishing lenses in which instead of the lower 
tools being mounted on a fixed post they are mounted on a revolving 
axis placed vertically. Mr. Grubb, of Dublin, has an apparatus for figur-  - 
ing and polishing lenses, which is said to be very successful. For very 
accurate work, the arrangement shown in fig. 12 
may be adopted. After grinding in the metal 
basin (4g. 11), the lens isattached to the lowerend 
of a vertical rod, of which the upper end termi- 
nates ina steel ball, working in a cup and fitting 
accurately, so that every point of the surface of 
the lens may move ina spherical surface concen- 
tric with the steel ball. Therod is grasped by a 
woollen holder, to prevent the heat of the hand 
from elongating the rod. Below the lens isa 
small polisher of pitch, spread on brass and 
covered with a fine polishing powder mixed 
with water. The polisher admits of nice 
adjustment by means of a screw. The rod is 
worked to and fro as well as circularly, and the f 
lens gradually acquires a perfectly spherical Lu 
and polished surface, the radius of which can 
be adjusted by lengthening or shortening the 
rod. In manufactories where large quantities 
of common lenses are ground and polished, a 
number are arranged on a convex tool, such as 
7, 13, or 21 around a central lens, forming 
what is called a block of lenses. Lenses of 
medium quality and size are generally ground 
true and polished seven at a time. 

In forming the object glasses of achromatic 
telescopes, it is n to measure accurately 
the radii of curvature of the lenses, which are 
first tried open: and are afterwards 

yas 


Fig. 12. 


Vi 


made as near! possible to the radii obtained 
by calculation. In order to measure the cur- 
yature of the grinding tools, Mr. Ross invented 
an instrument called a spherometer, a descrip- 
tion ‘of which will be found in the ‘ Trans, 
Society of Arts,’ (vol. liii.) 

The edges of lenses are made true by grind- 
ing in a lathe by means of a piece of brass 
supplied with emery and water ; but in setting 
the lenses ‘in the lathe for this purpose, it is 
cemented upon a chuck, and before the cement 
has set, the lathe is set spinning, and the 
reflection of a fixed object, such as a candle 
flame or a window bar is watched, and the 
lens is adjusted until the image appears to be 
quite stationary, notwithstanding the revolution of the lens. This 
shows that the axis of the lens and that of the mandril of the lathe 
coincide and consequently that the lens, when its edge is ground cir- 
cular, and put in the tube of the instrument, will coincide with the 
axis of such tube. 

The centering of the lenses of an achromatic telescope, so that all 
the centres of curvature of their surfaces shall lie in one straight line, 
and that coincide with the common axis of the telescope and its eye- 
piece, is an adjustment of considerable delicacy. Wollaston’s method 
of doing this is described in the ‘ Philosophical ‘Transactions’ for 
1822, and depends upon the circumstance that the various images of a 
candle, of which there are fifteen for a triple object glass, are, if the 
lenses be exactly centered, all in a right line directed from the candle. 

TELESCOPE, HISTORY OF THE. It has been the fate of 
almost every instrument by which science has been extended, or the 
well-being of man promoted, that the precise epoch of its invention, 
and even the name of the individual to whom the world is indebted for 
it, are alike unknown, This is particularly the case with the telescope, 
of which the earliest notices are that it existed in England and in 
Holland near the end of the 16th or in the beginning of the 17th 
century. 

There is in Strabo a passage (iii., p. 180, Falconer’s ed.; p. 138, 
‘ Casaub.’) in which, speaking of the enlargement of the sun’s ‘ioe at 
his rising and setting in the sea, it is stated that the rays (of light) 
in passing through the vapours which rise from the water, as through 
tubes, are dilated, and thus cause the apparent to be greater than the 
real magnitude (of the object); and from this it has been inferred 
(Dutens, ‘ Recherches,’ &c.), though the inference is probably without 
foundation, that there then existed tubes furnished with lenses for 
It would be needless to 
make any observations on an inference founded upon an hypothesis so 
obscurely expressed : the words in Strabo probably peg only that 
the rays of light might become divergent in passing along the intervals 
between the particles of vapour, 
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Se Soe all notice of this, and of the ill-understood 
in Aristophanes (‘Clouds’) and Pliny (lib. xxxvi., c, 67) con 

nt spheres, or lenses for concentrating the rays of light, it 
must be acknowledged that before the end of the 13th century lenses 
of glass were in constant use for the purpose of ere dey eye in 
obtaining distinctness of vision. Vitello,a native of Poland, in that 
century, gave some obscure indications of the apparent magnitudes 
of objects when viewed through a segment of a sphere of glass; 
and Roger Bacon, in his ‘O Majus,’ both mentions the like fact, 
and expresses himself in a manner as to indicate that in his 
time (he died in 1292) spectacles were already in use. He may not 
have actually made combinations of lenses in one instrument, but there 
is no doubt of his being aware of the fact that lensea might be arranged 
so that objects seen through them would appear te be magnified. 

The idea being known to the learned, it is scarcely possible to 
doubt that the combination of two | , or of a ¢ e or convex 
mirror and a lens, must have been often made during the three 
centuries which cla between the time of Bacon and that which is 
oe bape as the & of the invention of telescopes. Dr. 

» in his preface to Euclid’s ‘Elements,’ (1570) having mentioned 
that some skill is required to ascertain the numerical strength of 
an enemy's force when at a distance, observes that the “captain, or 
whosoever is careful to come near the truth herein, besides the judg- 
ment of his eye, the help of his geometrical instrument, ring, or 
staffe astronomical [probably for determining the measure of distances] 
may wonderfully help himself by perspective glasses.” These last can 
only signify some kind of telescope, which therefore must have been 
then in general use. And in the ‘ Pantometria’ of Digges (1571) it it 
stated that ‘ by concave and convex mirrors of circular (spherical) and 
parabolic forms, or by frames of them placed at due angles, and using 
the aid of transparent glasses which may break, or unite, the images 
produced by the reflections of the mirrors, there may be represented 
a whole region ; also any part of it may be augmented, so that a sinall 
object may be discerned as plainly as if it were close to the observer, 
though it may be as far distant as the eye can descrie.” In the pre- 
face to the second edition (1591) the editor, who was the author’s son, 
affirms that “ by proportional mirrors placed at convenient angles, his 
father could discover things far off, that he could know a man at the 
distance of three miles, and could read the superseriptions on coins 
deposited in the open fields.” There is probably some exaggeration 
in this account, but it is sufficiently manifest from it that reflecting 
telescopes, or optical instruments containing combinations of mirrors 
and lenses, were known in England before the end of the 16th century. 
The claim of Baptista Porta (between 1545 and 1615) to the invention 
of the telescope appears to have no other foundation than the circum- 
stance that he perceived a small object to be magnified when viewed 
through a convex lens. * 

It is highly probable that the telescope had been invented long 
before the value of such an instrument was duly appreciated ; and it 
may have been owing to the very gradual discovery of its importance 
that the name of the inventor sunk into oblivion: about the middle 
of the 17th century, however, an effort was made to discover the 
traces of the invention, and Peter Borellus, in his work entitled ‘ De 
vero Telescopii Inventore,’ which was published in 1655 at the 
Hague, has given testimonials in favour of two persons; the first of 
these is Zachariah Jans, or Jansen, and the other, Hans Lapprey, or 
Lippersheim, both of whom are said to have been opticians, or 

le-makers, residing at Middleburgh. In a letter written by a 
son of Jans, it is stated that the epoch of the discovery is the year 
1590; but y another account, the year 1610. The same author has 
also given a letter from M. William Boreel (envoy from the States of 
Holland to the British Court) which seems to throw some light on the 
facts. The writer of the letter asserts that he was acquainted with 
the younger Zachariah Jans, when both of them were children, and 
had often heard that the elder was the inventor of the microscope: he 
adds that, about the year 1610, the two opticians Jans and Lapprey first 
constructed telescopes, and that they presented one to Prince Maurice 
of Nassau, who desired that the invention might be kept secret as 
(the United Provinces being then at war with France) he expected 
to obtain in the field, by means of the instrument, some advan’ 
over the enemy. The writer further states that the invention be- 
came known, and that soon afterwards Adrian Metius and Cornelius 
Drebbel went to Middleburgh and purchased tel at the 
house of Jana. This account differs from that which is given by 
Descartes, (‘ Dioptrics,’ cap. 1) who, writing in Holland, states that 
about thirty years previously, Metius (who was, he observes, a native 
of Alckmaer), having always taken pleasure in forming burning- 

and lenses of glass and of ice, by chance placed at the 
extremities of a tube two lenses, one thicker in the middle, and the 
other thinner, than about the edge (convex and concave); and thus, 
he adds, was formed the instrument which is called a telescope. The 
‘ Dioptrics’ was published at Leyden, in 1637, and therefore the 
time of the supposed invention by Metius is nearly coincident with 
that at which, scoording to Borellus, it was made by Jans, From 
the papers of Harriot, it appears that this mathematician observed 
= on the sun, in 1610, with telescopes magnifying from ten to 
rty times; but it is) uncertain whether he gotthem from Holland, 
or whether they were made in this country; and the only conclusions 
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-of a leaden tube; and the first of them magnified the heights and 
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at which it is possible now to arrive, are, that telescopes were known 
in England and Holland about the end of the 16th ,and that 
in both countries they were then in a form which rendered them prac- 


tically useful. 

The two Jansens, father and son, ap to have used their 
scopes in observing the heavens; and the latter is said to 
remarked four small stars near Jupiter: it has been concluded fr 
thence, that he was the first discoverer of the satellites of that planet ; 
but though this may be, he probably did not continue his observations 
long enough to enable him to determine their distances from it, or the 
times of their revolutions. 

The use of the telescope, and, probably, even the knowledge of the 
fact that it had been invented, must have been for many years con- 
fined to the north of Europe ; for it appears that it was not till the 
year 1609 that Galileo, who then happened to be at Venice, heard from 
a German a rumour of the discovery which was said to have been made 
in Holland. The Italian philosopher states, in the ‘ Sidereus Nuncius,’ 
that he had then no knowl of the nature of the instrument, and 
that he requested a friend at Paris to send him some information con- 
cerning it. On being informed, merely, that it was a tube con 
qinas lenses, his acquaintance with the nature of the refraction of 
enabled him, it is said, to discover that one of the lenses must have 
been conyex and the other concave, and also to determine the distance 
bed which they a be placed epee one pon be a po 
objects seen ti them might appear an net. 
Without Sowers that Galileo was here guided by theoreti- 
cal considerations merely, it is easy to conceive that as lenses of different 
forms were then in use phe he might have obtained from an 
optician some which were of different degrees of contexity and con- — 
cavity ; and after a few trials he must have found such as would 
constitute an instrument possessing magnifying power. 

The telescopes which he constructed Gotaited af one convex object- 
glass and one concave eye-glass, which were placed at the extremities 


breadths of objects three times only. Soon afterwards he made one 
which magnified eight times ; and subsequently he sueceeded in form- 
ing a telescope with a i power which caused objects to appear 


about thirty times as great as they appear to the unassisted eye. 

The knowledge which man had acquired of the visible heavens 
received many important accessions from the discoveries that Galileo 
was enabled to make by means of the telescope. Except the sun and 
moon, not one of the celestial bodies had hitherto been observed to 
have any visible form or magnitude, and it was to the eye of reason 
alone that those ap to be anything but surfaces. The 
fixed stars and the planets were alike known only as luminous and 
ill-defined points ; but when seen through a telescope, the planets weré 
found to have certain magnitudes, and some of them to undergo varia- 
tions of form; while the fixed stars appeared unchanged, or only 
divested of the radiance with which they seem to be surrounded when 
seen by the naked eye ; and hence it tein obvious that the former 
must constitute a distinct group of bodies infinitely nearer the earth 
than the others. The sun, from the spots observed on his surface, was 
found to revolve on its axis, and consequently was ascertained to be 
globular ; and the light and dark spaces on the moon were di 
perceived to be mountains and valleys, nearly resenibling those 
on the surface of the earth. Galileo relates, in the work above men- 
tioned, that in the year 1610 he discovered the four satellites of Jupi- 
ter, and observed that they revolved about that planet as our moon 
revolves about the earth. Nearly at the same time he observed that 
Saturn presented a remarkable appearance : at first he thought it was 
accompanied by two smaller planets ; but on using a telescope of supe- 
rior magnifying power, these were found to be portions of a vast annu- 
lus which surrounds Saturn without touching his surface; and soon 
afterwards he ascertained the fact that Venus exhibited phases similar 
to those of the moon. . 

The species of telescope which was used by Galileo continued 
several years un : Nis it is extremely defective, on account of 
the small extent of the field of view which it affords when its magni- 
fying power is considerable ; and the Batavian or Galilean p, a8 
it was called, is now chiefly used in the form of an opera-glass. It is 
due to the memory of Kepler to state that he pointed out (in his 
‘ Dioptries’) the possibility of forming telescopes with two lenses, both 
of which are convex; but he did not reduce his ideas to practice by 
the construction of such an instrument, and the honour of having been 
the first to do so is to be attributed to the Jesuit Scheiner, who, in his 
Rosa Ursina’ (1650), gives a description of telescopes with one convex 
eye-glass. He observes that they cause the images of objects to appear 
in inverted positions ; and adds, that thirteen years previously he had 
pred a en eg in the presence of the shar Maximilian — 

escopes with a le convex eye-glass have since designated 
Gelronciniaah, from sas Ceteance that they were lapg employed for 
celestial observations; the greater extent of their field of view having 
caused them, notwithstanding the inversion of the image, to supersede 
for that purpose the telescopes of Galileo. It ought to be remarked, 
however, that telescopes with two eyeglasses, by which the object 
might be seen in a direct position, as it appears to the naked eye, were 
described by Kepler, and constructed by Scheiner; but as they caused 
the object to appear much distorted and coloured about the margin of 


109 TELESCOPE, HISTORY OF THE. 


TELESCOPE, HISTORY OF THE. 110 


the field, they were npt esteemed. Pére de Rheita, about the same 
time, constructed for telescopes eye-tubes containing three lenses, 
which, he observes, afford a better image than those with two. The 
same was the inventor of what is called a binocular telescope, 
that is, an instrument which consists of two telescdpes having equal 
magnifying powers, and placed near each other in such positions that 
an object might be observed with both eyes at the same time. 
Attempts have been since made to revive this invention; but the 
advantages, if any there be, are more than compensated by the trouble 
of directing the two tubes to the object. By combining, however, the 
stereoscopic principle, some advantages are likely to arise, as in the 
case of the binocular ee ep ; og 
re ea ing power of a dioptri escope increasing wi e 
ratio w! the focal length of the object-glass bears to that of the eye- 
glass, and since, by increasing the focal length of the former without 
increasing its diameter, the coloured border round the image is dimi- 
nished so that vision is rendered more distinct, the opticians of the 
17th century were induced to form, for objec’ lenses which 
ses of great focal 


_ wa hag ont prem near the 
irecti An aérial refractor (as this kind of instrument was called), 
- having an object-glass 123 feet focal length, was made by Huyghens 
and i 
and Saturn, and the elongations of their satellites, 
calculated on by Newton in his ‘ Principia.’ mre roger abr 
in his ‘ pia Com ia,’ which was printed at the 
eed, ih baioeh to mia to barre’ oteoubed ant Riciah refractor 
at Paris of 600 feet focal length ; but this proved unmanageable. But 
the chief merit of Huyghens as an improver of astronomical telescopes 
consists in his construction of an eye-piece with two lenses so combined 
as both to enlarge the field of view and diminish the aberrations 
produced by their spherical forms. : 2 
There is some proba! that the elder Digges had contrived an 
instrument which constituted a species of catoptric or reflecting tele- 
; but, on account of the obscure manner in which the instrument 
ia described, it will be scarcely necessary to notice further his claim to 
the honour of the invention. It a that Pare Mersenne, in his 
with Descartes, and in his ‘Catoptries’ (1651), suggested 
the idea of a concave spherical mirror to be used, like the principal 
lens of a dioptric telescope, for forming in its focus an image of an 
object; and that this i ing viewed through a convex eye-glass 
of proper curvature, the original object bape cored be magnified. 
Descartes, in his reply to Mersenne, which is said to have been written 
in 1639, makes several objections to the scheme, and no effort was then 
made to poet practice. But the great length of the dioptric tele- 
scopes whi 


sige bo sacerdlos G f Edinburgh, in his «O 
be emp’ . James Gregory of Edin! , in his ‘ Optica 
Promota’ (1663), published a ion for forming a telescope by 
means of the i at the focus of a concave wlum., The mirror 
was to be of metal with a paraboloidal surface, which by the 
that curve would cause all rays incident upon it in 
directions parallel to the axis to converge accurately at one point. 
It is uncertain whether Gregory had any knowledge of Mersenne’s 
treatise, or whether the idea originated with himself; but this is of 
little consequence, for not being able to find an artist who could exe- 
cute such a speculum, though he came to London for the purpose, the 
suggestion was abandoned, and men of science continued to direct 
their inquiries to the means of improving dioptric telescopes. 

When, however, Newton had ered unequal refrangibility 
of light, and had ascertained that the aberration produced by this 
eause about the focus of a lens was many hundred times greater 
than that which was caused by the spherical form of the glass, he 
gave up the hope of being able to construct refracting saheatopes 
which should be free from this defect, and applied himself to 
the formation of specula for those of the catoptric kind: the image 
formed by reflection from a mirror being free from what is called the 
chromatic aberration, and consequently incomparably more distinct 
than one which is formed by the refraction of light in a lens of any 


In the of 1669, Newton having obtained a composition of 
metals whic likely to serve for a mirror, began with his own 
hands to grin surface to a spherical form; and early in the year 


1672 he completed two telescopes : of the construction and performance 


of these instruments he sent to the Royal Society an account which 
was read in the January of that year. The radius of the concave metal 
in one of them was 13 inches, and the telescope magnified about 38 
times. The rays, before forming an image in the focus of the speculum, 
were intercepted by a glass prism, or a plane mirror, and the image 
formed after this second reflection was viewed by a conyex eye-glass 
which was fixed for the purpose in the side of the tube. In the 
telescope proposed by Gregory, the rays in each pencil of light, after 
crossing at the focus of the great speculum, were to fall upon the 
surface of a small {concave mirror; and by this being again reflected, 
they were to form a second image near the anterior surface of the first 
speculum: through a perforation in the latter the image was to be 
viewed ; a convex lens being interposed between the image and the eye 
of the observer. This has been always called the Gregorian telescope ; 
and in 1672, the year in which Newton completed his reflecting 
telescopes, M. Cassegrain, in France, proposed one which differed from 
that of Gregory only in the rays reflected from the great speculum 
being intercepted by a small conyex mirror; from this the rays of each 
pencil were again reflected, and they were made to form an image near 
the anterior surface of the great speculum; this image was to be 
viewed through a convex lens behind an aperture in the latter specu- 
lum, as in the telescope of Gregory. It does not appear that M. 
Cassegrain constructed such a telescope, but it may be observed that 
the image formed. after reflection from the convex speculum would be 
more free from the aberration caused by the surfaces of the mirrors, 
and would also be rather greater, than that which is obtained from 
the concave speculum of Gregory, or the plane one which was used by 
Newton. 

The first reflecting telescope, in which the great speculum was 
perforated so that objects could be viewed by looking directly at them, 
was executed’ by Dr. Hooke, and produced before the Royal Society in 
February, 1674. But the difficulty of obtaining metal proper for the 
purpose, and of giving ita perfectly spherical form, for a long time 
prevented reflecting telescopes from attaining the desired degree of 
perfection. In 1718 Mr. Hadley succeeded in executing two teles- 
copes, each about five feet long, which were considered good; and he 
gave, in the ‘ Philosophical Transactions’ (1723), a description of the 
methods employed in their construction. By his advice Dr. Bradley, 
who was then professor of astronomy at Oxford, in conjunction with 
Mr. Molyneux at Kew, applied themselves to the construction of these 
instruments ; having executed one which was satisfactory, they in 
1738 instructed Scarlet and Hearne, two London opticians, in the 
processes which they used, and these artists presently succeeded in 
making good reflecting telescopes for general sale. Mr. James Short 
of Edinburgh, also soon afterwards distinguished himself by his skill 
in forming such telescopes : he attempted at first to make the principal 
speculum of glass, but finding that this ‘material had not sufficient 
steadiness to preserve the form of its surface, he devoted himself to 
the improvement of metallie specula, and succeeded in giving them, 
it is supposed, a correct parabolic figure, by which means his 
a ii admitted of larger apertures than any that had before been 

e. 

The processes adopted by Mr. Mudge in grinding and polishing the 
mirrors for reflecting telescopes, and in giving them the parabolic 
figure, may be seen in the ‘ Philosophical Transactions’ for 1777. See 
also Specutum. 

But the reflecting telescope was carried to a high degree of excellence 
by Dr. (afterwards Sir William) Herschel. This distinguished astro- 
nomer, while residing at Bath, employed his leisure hours in grinding 
and polishing specula, with which he formed telescopes, both of the 
Newtonian and Gregorian kinds; and about the end of 1783, that is 
subsequently to the discovery of the planet which is sometimes called 
by his name, being aided by the Day ey + of the king (George III.), he 
began the formation of a speculum four feet in diameter and forty feet 
in focal length : the telescope to which it appertains is of the Newtonian 
kind, the observer being placed ina seat near the open end of the tube, 
and viewing the image through a system of eye-glasses. With this 
telescope, which was completed in 1789, objects are magnified about’ 
6500 times ; and on the night after it was finished, Dr. Herschel dis- 
covered the sixth satellite of Saturn. The attempts that have been 
made to form a reflecting telescope possessing a higher degree of 
perfection than that of Herschel will be noticed presently. 

While the improvement of reflecting telescopes was in progress, the 
efforts to combine glass lenses in order to diminish the coloured fringes 
by which the images in dioptrical telescopes are surrounded were not 
entirely neglected; and as early as 1729, a private gentleman, Mr. 
Chester More Hall, of Essex, influenced, it appears, by an opinion that 
the humours of the eye are combined so as to correct the dispersions 
which each alone would produce in the different kinds of light, con- 
trived to combine two lenses of different kinds of glass in such a way 
as to form an i which was free from colours: it is added that 
telescopes with such object-glasses were in the possession of several 
individuals many years afterwards. (‘ Gent. Mag.’, October, 1790; 
‘ Phil. Mag.’, November, 1798.) 

In 1747, Euler, guided also by the constitution of the eye, conceived 
the possibility of forming a lens compounded of two hollow spherical 
segments of glass, inclosing water between their concave sides, which 
should be free from the chromatical and spherical aberrations; and in 
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investigating the curvatures, he assumed that the logarithms of the been made in dioptric telescopes, consist in the yneans which have been 
terms g the ratio of the refraction of a mean ray in passing to remove those ions more completely; and the natures 


from air Into glass, and from air into water, were ional to the 
logarithms of the terms expressing the ratio of the refractions of red 
rays in the same media. He was not able to obtain from any artist a 
}as of this nature, in which the proposed end was agep eee RY 
Mr. Dollond, in a short which is in the ‘ josophical 
Transactions’ (1752), contested the justness of Euler's principle on the 
ground that it was contrary to one which he conceived to be founded 
on the experiments of Newton. 

Klingenstierna, a Swedish mathematician, having soon 
afterwards, in a Mémoire which was sent to the Académie des Sciences, 
pointed out that the principle which had been adopted by Dollond was 
not conformable to the acknowledged laws of refraction, the latter 
determined immediately on having recourse to experiment. Either 

i by the obj constructed under the direction of Mr. 

or a series of experiments made by himself on the refrac- 

tion of light in nay of crown and flint glass, he discovered that by 

a convex lens of the former, in combination with a concave 

the latter kind, the rays of the different colours in each pencil 

of light, after refraction through both, might be made to unite at the 

focus, and thus produce an image of the object nearly free from colour. 

is important discovery Mr. Dollond received from the Royal 

Society the Copleian medal. In 1765 his son, Mr. Peter Dollond, 

diminished the aberration of light.on account of the spherical forms of 

the lenses by combining together two convex lenses of crown glass with 

& concave of flint glass between them: this construction is 

particularly advantageous, by the increased aperture which it allows 
when the focal length of the compound lens is short. —_, 

For several years after the telescopes thus improved by Dollond had 
been in general use, Euler continued to believe that all Rinds of glass 
differed but little from each other with respect to their dispersive 
power, and he ascribed the success of the English artist merely to a 
fortunate determination of the curvature of his lenses; but having, in 
the 1764, received information that, by the addition of lead, glass 
ial bem obtained whose dispersive power was four times as great as 
that of the common kind, he immediately renounced his former 
opinion ; and from that time the merit of the achromatic object- 
ee oe they were called, has been firmly established. The most 
eminent mathematicians, both on the Continent and in this country, 
have subsequently investigated, on scientific principles, the curvatures 
which should be given to the surfaces of lenses, so that, the focal 
length of the compound lens being assumed, the chromatical and sphe- 
rical aberrations may be corrected. 

The ent of lenses for the eye-pieces of telescopes is of no 
less importance than the formation of the object-glass ; and Huyghens 

osed (‘ Dioptrics,’ prop. 51), in order to diminish the refraction of 
ight at the surfaces, to substitute for the single eye-glass of the 
common astronomical telescope two convex lenses, of such curvatures 
that the whole refraction, or the angle between the incident and 
emergent ray in the former construction, should be divided between 
the two lenses. 

One mode of effecting this purpose is to place the first eye-glass, or 
that which is nearest to the object, so as to intercept the pencils 
coming from the object-glass before the rays are united, and thus the 
image is formed pr the refraction of the light in this lens: the 
second eye-glass is then placed so that the rays falling on it, after 
having crossed at the place of the image, are made to enter the eye 
parallel to one another. A micrometer cannot be eat to such an 
eres, since any change in the place of the lens which is nearest to 
the eye would derange its adjustment: these eye-pieces can however 
be rendered achromatic, and they have the greatest possible field of 
view ; they have therefore been constructed for the p of merely 
viewing the celestial bodies by Dollond, Ramsden, and Frauenhofer. 
Mr. Ramsden was the first who constructed eye-pieces with two lenses 
which were capable of being used with a micrometer: this he accom- 
plished by placing the tube containing those lenses so that the rays in 
the pencils, after crossing at the focus of the object-glass, fell ina 


defective, Mr. Dollond endeavoured to soe ya the construction 
eye-glasses between 


, retaining the Huyghenian construction 
eye, used but one lens to perform the 
office of the second and third (in the eye-piece with five glasses), in 
the rays of each pencil convergent after the first had dimi- 
nished divergency caused by the croasing at the focus of the 
object-glass: he thus succeeded in producing an eye-piece of four 
lenses which was nearly aplanatic, or free both from the chromatical 
and spherical aberrations ; and such are the telescopes now in common 
use for viewing terrestrial objects. 
The chief improvements, if they may be so called, which have since 


of the different media which have been used for this pose by 
Dr. Blair, Sir David Brewster, and Mr. Barlow, are paeae under 
TeLescore. ie 
We must, however, briefly notice the attempts that have been made 
of late years to improve what is called optical glass, Flint glass is subject 
to numerous defects resulting from a want of uniform density, which 
defects are so common as to have obtained i names, such 
as atric, or wreath, knots, gets and ich The strie are undula! 
appearances in the glass, whereby the light in passing thro) it 
refracted and dispersed in different directions, producing a rai 
not always apparent until the glass enters into the construction of an 
optical instrument. Knots are opaque particles derived from the glass- 
or particles of glass-gall, or imperfectly vitrified grains of sand. 
and tears also consist of partially vitrified matter. The glass 
may also want clearness from the presence of minute bubbles or seed, — 
as it is called, diffused through the glass in consequence of its not 
having been kept sufficiently fluid. It is said that good results have 
been obtained by horizontal sections of the whole contents of a pot of 


Our space will not allow us to do more than indicate the 
attempts that have been made to improve optical glass, 
discovery of the achromatic principle, it was seen how 
hes ta = glass of cee density. Dollond, and the best 
al yi extreme di ity in obtaining glass adapted 
pe 2 The Academy of Sciences at Paris offered izes i 
unobjectionable optical glass: some of the best chemists 
attention to the subject, but they did not succeed in 
glasses than from 3 to 34 inches in diameter. Manufacturers 
the attempt without success. M. Guinand, a watch-maker of 
near Neufchatel, in Switzerland, was the first to approach the 
of the difficulty. He is said to have got rid of strie b 
stirring and mixing the materials while in a wistalok ae 
success was such as to induce M, Utzschneider, of Munich, to j 
Benedictbaiiern 


fel 
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Society of London. A disc of flint glass, 6 inches in diameter, was 
reported on favourably by Messrs. Dollond, Herschel, and Pearson. 
commission was also appointed, consisting of Messrs. Herschel, Faraday, 
Dollond, and Roget, to inquire into the manufacture of flint glass. 
Mr. Faraday pursued the inquiry for some time, and succeeded in 
producing a borate of lead of remarkable purity. But the excise 
officers were found to be so obstructive in their regulations, as to 
make it very difficult to pursue the inquiry, which was, therefore, 
terminated. Guinand is said to have imparted his secret to his sons 
before he died, and th 


son established works in Switzerland, and were succeeded M. 
Daguet, of Soleure, some of whose products a) — at the 
Exhibition of 1851, The Jury Report, Class XXt +, States that these 


discs “ confirm the belief that there are even more impediments in 
fabricating crown glass of large size, than in making good In 
order to render it free from impurity, it becomes more difficult of 
manufacture, more liable to tension, and to accidents. It requires a 
higher temperature. By increasing the facility of fusion, the 

tion to attract ee to sweat, is increased. In re it too 
hard, ber risk of crystallisation and imperfect vitrification in cooling, is 
incurred.” ; 

Soon after 1848, M. Bontemps joined the house of Messrs, Chance, 
Brothers, and Co., who determined to devote some of their large 
means to the manufacture of optical glass. They succeeded in pro- 
ducing discs of extraordi dimensions—in flint of 29 inches in 
diameter, weighing 2 cwt., and of crown glass up to 20 inches. The 
large flint glass was ground and finished, and was said to be so uniform 
in density and otherwise satisfactory, that the Jury recommended a 
council medal to be awarded to the manufacturers, 

Mr. Ross has called attention to a defect in optical glass, which may 
be detected by the searching agency of velationd light. A glass of not 
more than 6 inches in diameter, undergoes the annealing process with 
difficulty, cooling more rapidly at the surface than in the interior, and 
as this tendency increases with the size, the = of a disc of 
29 inches is justly regarded as a very remarkable work. 

Sir John Herschel, in a recent article on the telescope (‘ Ency. Brit.’) 
suggests that the ultimate perfection of the achromatic telescope would 
be obtained were i possible to manufacture other species of glass 
with a much lower dispersive power than crown or plate glass, or a 
different action on the rays of intermediate refrangibility. The 
fluoric compounds have remarkably low dispersive power, that of 
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__ eryolite and fluate of lime is only two-thirds‘that of plate glass, holding 
nearly the e place with respect to this glass that the latter does to 
flint. The fluoride of strontium is also suggested as a promising 
material. It is also stated that M. Jamin, by using oxide of zinc 

f a of gh as pe Tart eet wie ta 
_- flint glass of exquisite limpidity, of low refractive and dispersive power, 
f Get Meabiy tf Eaing wrought ito dines of any size. 
{ _ Attempts have been made by M. Chevalier to diminish the aberra- 
tions by means of two achromatic object-glasses placed at a certain 
distance from each other in the tube ; and by Mr. of Leith, by 
convex plate-glass, in combination with a double achro- 
matic lens, the convex lens being of plate-glass, and the concave lens of 

i i gentleman proposes to unite the red and violet 

rays at the image of the object by a proper distance between the yey 
and the double lens, and to correct the spherical aberration either by 
giving proper curvatures to the surfaces of the compound lens, or by 
placing the two lenses at a small distance from each other in the 
narrower oN of the converging cone of rays. (‘ Memoirs of the Astron. 
Soc.,’ vol. iii.) : 

This was reduced to tice in 1839 by M. Plossl, of Vienna, 
under the name of the Dialytic Telescope, which is characterised by 
Sir John Herschel as “ a very artificial and beautiful invention, highly 
deserving further trial.” Somewhat resembling this contrivance is 
Mr. Peter Barlow's plan of placing in the narrowing cone of rays from 
Lf ot (oe object- a concave lens formed of two _—— cap- 

of equal thickness, inclosing between them a highly dispersive 
fluid, namely, the bisulphide of carbon, of which the refractive index 
is 1°678, and the dispersive power 0°115, or more than double that of 
This fluid lens is concayo-convex. By proper curves the 

spherical aberration can be destroyed; and by varying the distance 
between the two lenses, exact achromaticity can be produced. The 
end le was tested in a telescope of 8 inches aperture and 12 feet 

‘ Bagity with success: as Mr. Barlow remarks, “ less than an ounce 
of sulphuret of carbon, value three shillings,” was made to perform the 
11) a very costly flint disc of 8 inches. (‘ Phil. Trans.,’ 1828, 1829, 
Sir D. Brewster has suggested (‘ Treatise on New Phil. Inst.,’ p. 400) 


dispersion produced by that lens may increase 
its refraction, so that the dispersion produced by 
; while in each pencil the rays, after 
, may be convergent. 


since, invented a — of achromatic telesco; 
the same kind of glass: the 


edges of the first pair; and each pair formed 
By the refraction in the first pair, the 


four times. : 
The success which Sir W. Herschel obtained in the construction of 


reflecting 

has been by Earl Rosse, who has erected in the grounds of 
Castle, , Ireland, two tev in the leaser of which 

_ the speculum is of three feet aperture, in the greater telescope 


The great tube is of wood hooped with iron, 

and 52 feet in length. It is suspended 
ofty meridional walls of solid masonry, between which 
end is allowed a considerable amount of lateral motion, so as 
it of taking up the view of a celestial object some time before 
its arrival on the meridian, and following it for some time after, with- 
out displacing the lower end. This lower end is supported on a massive 


peetreesed joint of cast iron, resting on a stone pier buried in the 
_ ground, 80 counterpoised as to be easily moved in declination. The 
of the s lum, which wei 4 tons, is described under 


um. The and galleries for the observers are supported 
pier. The first gallery commands a view of objects at 
of 42°. It consists of a strong light prismatic ing 
between two fixed ladders; it is counterpoised, and ean be 
to the required position by means of a windlass, There are 
galleries oyhong ener Be the epee pier, which com- 
to five degrees iow the pole. Each is 
by beams which run between grooved wheels. Foo wan, of 
ements of pase instrument we may refer to a 
Memoir by Lord Rosse, ‘ Phil. Trans.’ 1850. See also Nesuna, 
~ Mr. Laasells’ reflector has a clear diameter of 2 feet, and 20 feet focal 
ength ; it was originally erected at his residence near Liverpool, and in 
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telescopes was unrivalled during many years; but at length 


1852 was removed to Malta, for the advantage of a clearer atmosphere 
and a lower latitude. By means of this instrument, Mr. Lassells 
discovered two of the satellites of Uranus, one of Saturn, and one of 
Neptune. This instrument is erected under a revolving cupola 30 feet 
in diameter, carrying a stage for the observer. The image may be 
deflected towards the eye-glass, either by a small two-inch speculum, 
or by a prism, To prevent dew forming on the latter, a small piece of 
heated lead is placed in a case near it. Metal does not contract dew, 
but glass is peculiarly liable to deposit it; hence achromatics are 
generally furnished with a dew-tube, which is merely a brass cylinder 
blackened within. 

In Mr. Nasmyth’s reflector, the rays from the great speculum are 
received on a small speculum or prism, placed in the axis of the tube, 
between the focus and the great speculum, by which they are reflected 
at right angles, and the image is formed in a tube inserted in one of 
the trunnions, on which the instrument turns. The image is then 
viewed in the usual way by an eye-piece; the advantage is, that while 
the great tube is moved in altitude, the side-tube is fixed, and the 
observer can survey the whole meridian or any other vertical circle 
without changing his position. The instrument is moved in azimuth 
by means of a turn-table, on which is the frame of the instrument and 
the seat for the observer, who can thus command every required 
motion, both in altitude and azimuth. The great tube has a length 
of 28 feet, and a diameter of 54 inches. 

Telescopes for general astronomical purposes are now almost always 
mounted equatorially, and great improvements have been made in the 
mounting, the method of the Astronomer Royal being particularly 
recommended for its lightness, combined with extreme stiffness to 
resist both flexure and twist. 

The history of the telescope may be assisted by reference to the 
following heads; EquatortaL; Transit; SrecuLum; AcHRoMaTIC; 
Licut; Lens; Aptanatic Lens; ABERRATION; Micrometer; Eyr- 
PIECE; ASTROLABE; QUADRANT; THEODOLITE; HeELiostaT; HELIO- 
METER ; OpTomeTER; ReFRaction; Dispersion. 

TELESCO’PIUM (the Telescope), a constellation of Lacaille, in the 
southern hemisphere, surrounded by Ara, Pavo, Sagittarius, and 
Ophiuchus. Its principal star is as follows :— 


No, in Catalogue 
No. in Catalogue of British 
Character. of Piazzi. Association Magnitud 
@ 50 6240 4 


TELLER-BISMUTH. [Tettvrium.] 

TELLERS OF THE EXCHEQUER (failler) were the holders of 
an ancient office in the Exchequer. [Tatiy.] They were four in 
number; their duties were to receive imoney payable into the 
Exchequer on behalf of the king, to give the clerk of the pells (skins 
or rolls of parchment) a bill of receipt for the money, to pay all money 
according to the warrant of the auditor of receipts, and to make 
weekly and yearly books of receipts and payments for the lord 
treasurer. (4 ‘ Inst,’, 108 ; ‘Com. Dig.’, tit. ‘ Court,’ D, 4,14, 15.) The 
office was abolished by act of parliament (4 & 5 Wm. IV.,c. 15), 
together with that of the clerk of the pells and the several offices 
subordinate thereto. 

TELLURETTED HYDROGEN, [Tetivrivm.] 

TELLURIC ACID, [Textvurrem.] 

TELLURIUM (Te) is a rare element, very similar to SELENIUM, 
and closely allied to Sutpuur. It is sometimes found in the free 
state, but usually occurs in combination with metals forming tellurides. 
(Texivriem, in Nar, Hist, Drv.} From the Nagyag ore, which con- 
tains about thirteen per cent., it is obtained by dissolving in nitric acid 
after the sulphides of lead and antimony have been separated by 
digestion in hydrochloric acid. The nitric acid solution is evapofated 
to dryness, the residue treated with hydrochloric acid and filtered, and 
tellurium thrown down from the filtrate by the addition of sulphite of 
soda. 

Tellurium has a silyer-white lustre, and is very brilliant : it is crystal- 
line and brittle, of a lamellar fracture, easily pulverised, and a worse 
conductor of electricity than antimony or bismuth. Its specific 
gravity is 6°65. It is nearly as fusible as antimony, and at a high 
temperature it boils, and may be distilled. When strongly heated in 
contact with air, it burns with a lively blue flame, green at the borders, 
and forms a white vapour, which has an acid odour. 

The equivalent of tellurium is 64°5. 

Telluriwm and oxygen form two compounds ;— 


Tellurous acid . . . . . + Ted, 
Tellurie acid . . . . « + TeO; 


Their constitution is obviously similar to that of sulphurous and 
sulphuric acids, 

TELLURIUM-AMYL. [Orcano-Meratiic Boptes.] 

TELLURIUM-ETHYL. [Orcano-Merattiic Bopres.] 

TELLURIUM-METHYL. (Orcano-Meratic Bopres.) — 

TELLUROUS ACID (TeO,). It has been already mentioned that 
when tellurium is heated in contact with air, it burns, and a white 
vapour is formed: this is oxide of tellurium, or tellurous acid. It 
may also be obtained by the action of nitric acid on the metal; by 
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adding water to the solution, part of the oxide is precipitated, and the 
remainder is obtained by evaporation to dryness. It is a white 
granular anhydrous powder, which slowly reddens moist litmus-paper, 
and is insoluble in water and acids. It is dissolved by a solution of 
potash or soda, and by fusing with their carbonates crystallisable salts 
are formed: when these are decomposed by acids, hydrated tellurous 
acid is precipitated, which, if washed with very cold water and 
dried at a temperature not above 53° Fahr., may be preserved without 
suffering change. The hydrate is soluble in water, acids, ammonia, 
and the alkaline carbonates, which last it decomposes; the aqueous 
solution reddens litmus-paper: when zinc, tin, and some other metals 
are left in a solution of this acid, they deoxidise it, and metallic 
tellurium is precipitated in the state of a black powder. Its salts are 
called tellurites. 

Telluric Acid (TeO,).—This compound is obtained by fusing tellurous 
acid with nitrate of potash, which oxidises it completely, and the result 
is tellurate of potash. When chloride of barium is added to the last- 
named salt, tellurate of baryta is precipitated, which being decomposed 
by sulphuric acid, yields a solution of telluric acid, and this solution 

es he: crystals of the acid. It acts but feebly as an acid, 
the dilute solution ening litmus-paper with difficulty, and its taste 
is rather metallic than sour: the crystals contain water, two-thirds of 
which they lose at about 212°; the remainder below a red heat 
becoming a mass of a fine orange colour, which is completely insoluble 
in water, either cold or boiling, or hot hydrochloric or nitric 
acids, or solution of potash. It is decomposed at a high temperature, 
and converted into a white powder, which is tellurous acid. Its salts 
are called tellurates. 

Hydrogen and Tellurium form telluretted hydrogen (TeH).—When 
tellurium is ay by fusion with tin or zinc, and the compound is 
acted upon by rochloric acid, the hydrogen of the decomposed 
acid dissolves tellurium, and telluretted hydrogen gas is obtained. 
This gas has a smell resembling that of hydrosulphuric acid: it is 
soluble in water, forming a colourless solution, which becomes brown 
by exposure owing to separation of tellurium. As it possesses acid 
properties, though to a slight extent only, it has been called hydro- 
telluric acid, It decomposes many metallic salts, yielding an alloy of 
tellurium with the other metal. Chlorine, nitric acid, and the oxygen 
of the air, all take the hydrogen from the tellurium. 

Chlorine and Tellurium form two compounds, When a feeble 
current of chlorine gas is passed over tellurium at a high temperature, 
the chloride formed passes over as a violet-coloured vapour, which con- 
denses at first into a black liquid, and eventually into a solid of the 
same colour. It is decomposed by the action of water into metallic 
tellurium, which is precipitated, and bichloride of tellurium, which 
remains in solution. 

It is com of one equivalent of chlorine, and one equivalent of 
tellurium (TeC)). 

The Bichloride of Tellurium (TeCl,) is obtained, as above stated, by 
the action of water on the bichloride, but is better procured by 
passing a larger quantity of chlorine over tellurium at a lower 
temperature than in forming the chloride. It is volatile, and any 
excess of chlorine being separated by agitation with mercury and 
rectification, it is obtained as a white crystalline solid. 

Sulphur and Tellurium combine in two proportions ; the disulphide 
(TeS,) is obtained when hydrosulphuric acid gas is passed through a 
solution of tellurous acid, or of a soluble tellurite. It is of a dark 
brown colour, and is soluble in a solution of potash. 

Tersulphide of Tellurium (TeS,) is obtained by mixing a solution of 
persulphide of potassium with one of a salt of telluric acid. It is of a 
deep * ct colour; but it is a very unstable compound, for it 
speedily becomes black, and is conve: into bisulphide. 

TEMPERA (Ital. & tempera), that method of peas in which the 
vehicle employed is composed of a glutinous material (usually glue, 
white of , or gum), diluted (or “ tempered”) with water; gesso, or 
plaster of Paris, being added to the colours to give them greater con- 
ristency, or, as it is termed, body. This was the method employed by 
the ancient Egyptians, the Greeks prior to the introduction of wax as 
a vehicle [Encaustic Pantixa], and by the early Christian painters. 
[Paurrixo.] Distemper-painting, as now practised by scene-painters 
and decorators, is only a less refined form of tempera, from which it 
has indeed derived its designation, (Distemper ; papel | 

TEMPERAMENT (temperamentum, xpaois) is a vague and unsatisiac- 
tory term, but it is one which as Mayo observes (‘ Patho ogy of the Human 
Mind’) has been long and generally adopted as a convenient generalisa- 
tion. The word means literally a tempering, or mizing together, and 
may be defined to be a peculiar state of the system common to several 
individuals, which results from the various proportions in which the 
elementary parts of the human body are mized up together, and which 
gives rise toa tendency to certain phenomena. There is, besides, in 
each individual a further peculiarity of combination, which serves to 
distinguish his temperament from that of any other person, to whom, 
however, he may in other respects bear a great resemblance. This 
individual temperament is called an idiosyncrasy (that is, a peculiar 
mixing together), and, as the two words are sometimes confounded, it 
may be useful to point out the distinction between them. All the 
different systems of organs in the human frame are accurately adjusted 
to each other, #0 as to produce one harmonious whole, If the dispro- 
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TEMPERAMENT. us 
portion be too , disease ‘ensues; but there are many gi 
compatible with ith, where yet this disproportion ivory Sberable 
The predominance of any particular system of organs mi the w 


economy, impresses striking differences on the results of the 

tion; and has perhaps almost as great an influence on the moral and intel- 
lectual as on the physical faculties. This predominance establishes the 
temperament : it is the cause of it, and constitutes its essence. The 


ancients paid considerable attention to the subject of bare erg | 
and pointed out various iarities in the constitution and actions 
the human body, which have been seen so far to coincide with general 
observation, that their nomenclature has continued in very general tie 
even to the present Sy, ES the hypothesis on w! it 1 
founded is universally di They described four temperame: 
corresponding to the four qualities of Hippocrates—hot, cold, m 

and dry. It was supposed that there were four co’ i imar 
components of the human body, namely, blood (alua), phlegm or pitui 
(@Aéyua), and the two kinds of bile Yu v0 xoAal), yellow bile (| y 
xoA%), and black bile, or atrabilis (uéAawa x0A4); and the preponder- 
ance of one or other of these components in different persons produced 
the different temperaments, These four primary Bs gp a living 
bodies were supposed to be compounded of the simple elements or 


qualities of nature thus : hot and moist produce blood ; cold and (es 


phen or pituita; hot and dry, yellow bile ; and cold and dry, black 
ile, Bodies in which blood superabounds are of the sanguine tem- 
pennant if phlegm is in excess, the phlegmatic temperament is 
eveloped ; if yellow bile, the choleric; and if black bile, the melan- 
cholic or strabilious temperament. A minute description of the 
different temperaments is given by Paulus Aigineta,‘ De Re Medica,’ 
lib, i, cap. 61. The due admixture of the different qualities was 
supposed to constitute the best form of temperament or ‘itutior 
(cixpacta), of which the following is Paulus A®gineta’s description :— 
“ That man is in the best temperament of body when it is in a medium 
between all extremes, of leanness and obesity, of softness and hardni 
of heat and cold, of moisture and dryness; and, in a word, who has 
the natural and vital energies in a faultless state. His hair also should 
be neither thick nor thin, neither black nor white. When a boy, his 
locks should be rather tawny than black, but when an adult, the con- 
trarywise.” (Adam’s ‘ Trans.,’ i. 60.) 

Further information respecting the opinions of the ancients on the 
subject of the temperaments may be found in the treatise of Hip- 
pocrates, ‘De Natura Hominis, tom. i., ed. Kiihn; in Galen’s works 
‘De Elementis ex Hippocrate,’ tom. i., ‘De Tempe tis,’ tom. i 
‘De Optima Corporis nostri Constitutione, tom. iv., ‘Dé Sanita 
Tuenda, lib. v., tom. vi, and his ‘Ars Medica,’ tom. i.; Oribasius, 
‘Synopsis,’ lib. v., cap. 43, sq.; Aétius, ‘Libri Medicinales,’ lib, iv., 

Abbas, * Theor.,’ lib. i, ; Averroes, ‘ Collig.,’ lib, vi. ; 
Alsaharavius, ‘ Theor., tract vi. ; and Avicenna, ‘ Cantica.’ 

After the revival of letters, this fourfold division was adopted in its 
most essential parts by all the most eminent physiologists, Stahl 
ingeniously adapted it to the modern doctrines of the humoral patho- 
logy ; and even Boerhaave, although he increased the number of the 
temperaments to eight, and relinquished the erroneous opinions of 
Hippocrates and Galen respecting the constitution of the blood, yet he 
still derived the characters of his temperaments from the principles of 
the humoral pathology, and supposed them to be formed merely by 


ties of organisation and the resulting varieties of pecans ition, which 
are chiefly interesting with regard to pathology. Hoffmann and Cullen 
have, indeed, retained the old division, supposing that the theory of 
the ancients, as to the peculiarities of constitution, was founded origi- 
nally upon facts, though subsequently combined with an e0u 
theory. Haller seems to have been the first who decidedly opposed 
the ancient doctrine, not only by showing that there was no fo 

for the varieties of the temperaments in the peculiar nature of 
fluids, but by substituting in their place the vital actions of 

Darwin proceeded upon the principle of Haller; and, in conformity 
with the hypothesis which he adopted of reducing these actions to the 
four heads of irritation, sensation, volition, and association, he formed 
four temperaments in which these qualities were supposed respectively to 
prevail. The only attempt, however, to aprare upon the 

theory and division which has been attended with any degree of success, 
is that by Dr. G , who, to the four temperaments of the ancients 
added a fifth, which he called the nervous, and bestowed upon three 
of the others the new appellations of the tonic, the relaxed, and 
temperaments. Dr. ee’ pa vian pe restricts env tot oly a 
and designates them by iginal names ; remarking that only four 
deonatpenated diversities of external character present themselves 


to observation ; that the nervous temperament is not so dues achees H 
and that, therefore, as this is an essential part of the o scheme 


ternal r really indicate, more or less , well-ma 
differences of constitution, and, likewise, of morbid predisposition. 
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There is no doubt that persons having the complexion and other signs 
of the sanguine : are more liable to certain classes of 
disorders than the tic or melancholic, while the latter have 
their own peculiar tendencies. The sanguine, having a fully-developed 
vascular structure, and therefore a vigorous circulation of blood, a 
warm skin, and a high degree of organic sensibility, are more liable to 
sudden and powerful impressions from external agents than those of 
more languid vital functions. They are subject in a greater degree to 
severe disorders, and disorders of this class are in 
them more acute: they bear, however, better than persons of more 
languid habit, evacuations of blood and the other measures which are 
found to be the proper remedies for these diseases. The greater 
fulness of blood-vessels, of those at least which are near the sur- 
face, the greater warmth of the skin, and the florid complexion of 
the sanguine, afford reason to believe that the designation given to 
this temperament is not wholly unfounded. We likewise find that 
sanguine persons are more subject to hemorrhages (to those at least 
which are termed active) as arising from excess in the force of circula- 
tion through the arteries, Individuals of the phlegmatic temperament 
are predisposed to disorders arising from, or connected with, a low 
degree of vital energy. Local congestions of blood arising independently 
of general excitement come under this category. Glandular and tuber- 
cular diseases take place in bodies weak in the structures connected 
with the vital functions, and are perhaps more frequent in the 
ic than in other temperaments. Inflamma 


sanguine; the former on ah copied vigour, both in health and 


much more frequently affects the phlegmatic and melancholic, though 
it is occasionally observed in persons who have sonie of the external 
characters of the sanguine temperament. 

adds Dr. Prichard, and those which astern most 


to the character of melancholia, have occurred in 
indi: of a dark leaden complexion, fixed and en aspect, and 
lank coal-black hair. 


Seed tr ena! peculiaritics to the structare of the ly has been 
observed by medical authors of every age, and it has been stated and 
explained in different ways. Hippocrates said that “the soul is the 
same in all men, but that the is different in different individuals. 
The soul is ever like itself both in greater and in less, for it undergoes 
seperate rma but the body is subject to 
continual alterations. The ions of the mind depend upon the 
body ; there are many states of the latter which 
which obtund it.” ( PP De Victts Ratione, lib. i., § 21, tom. i.,, p. 
650.) Democritus, in a letter said to have been addressed by him to 
Hippocrates, asserted that “the intelligence of the mind depends 
Greatly on the body, the diseases of which obscure the mental faculties, 
and draw the latter into consent.” (Hipp., ‘ Epist.’, tom. iii., p. 824.) 

i Animi 


y connection between the ions and desires 
of the mind and the temperaments, wherein he has ed the subject 
very ingeniously and has delivered many profound views of the animal 
economy. But it isin the works of modern writers that we find this 
doctrine most fully developed, and made a foundation for a division of 
human characters, though their views are mingled with many fanciful 
and unphilosophical speculations, 


change together, and the whole effect of temperature is corrected at 
once by lengthening the pipe of which the instrument consists. Other 
instruments require to have the parts of their scales compared with 
each other from time to time, owing to their several parts being 
unconnected and subject to unequal wear or to separate accident, such 
as the organ and piano-forte. Others again are so liable to these 
derangements as to require tuning on every occasion of use, as the 
violin class, the harp, the drums, &c. It is not our intention to enter 
into the mode of tuning instruments in detail, but, as promised in the 
article ScatE, to give some account of the difficulties which are met 
with in the actual construction of any scale, and the ordinary modes of 
meeting them. 

In the article just referred to we have pointed out the mathematical 
commencement of this subject, and have made it evident, from first 
principles, that a perfect* scale is impossible; that is to say, one in 
which all the intervals, or even all the principal intervals, in every key, 
shall be perfect. Let additional notes be introduced to make existing 
keys perfect, and those additional notes would themselves become the 
key-notes of new keys, requiring additional notes to make them perfect. 
Again, the conditions of the ordinary musical instruments require that 
the octave shall consist of only twelve semitones; and though some 
organs have been constructed with more, it is not worth while to 
embarrass the subject by treating of any other scale than that of the 
twelve semitones. We shall use the same notation as before, namely, 
expressing the following note of the treble scale, 
by c, we shall denote the successive cs in ascent by 0, c?, &., and 
those in descent by ¢,, c,, &c.: thus, o, is three octaves below o, and 
oc! is four octaves above it, 

The first point is to fix upon some one note, by the pitch of which 
all others may be determined. The only way of retaining a permanent 

itch for use is by having an instrument which time will not alter. It 
is true that the pitch of a note depends only upon the number of 
vibrations in a second, and can, by the description of this number, 
always be recovered by acoustical experiments. But we might as well 
expect a carpenter to ascertain his own foot-rule for himself by the 
pendulum as an ordinary musician to appeal to the theory of musical 
vibrations. A standard pitch is usually obtained, or professed to be 
obtained, by the tuning-fork, an instrument consisting of two steel 
none gro ing out of a steel handle. When these prongs are sharply 
struck they vibrate; and if the instrument be then held to the ear, or 
placed upon the flap of a table or any other sound-board, a low and 
very pure sound is heard, if the prongs be perfectly equal. These 
tuning-forks are usually made to sound either o! or a, and they would 
answer their p exceedingly well if there really were in existence 
any standard from which they were made. But this there is not; and 
the consequence is, that not only do the tuning-forks of different 
makers frequently vary a little from each other, but the new forks are 
sensibly higher than the old ones. We have already seen how much 
the pitch used in different places varies [Acoustics], and also how 
very much what is now called concert-pitch is higher than it was 
a century ago. [Prre.] This rise, it appears, is still going on, and, 
unless measures be taken to stop it, will not finish until all the com- 
eg of the old masters are played and sung two or three notes 

, than they were really written. 

ere was, we are told, a few years ago, a standard, so called, con- 
structed under the direction of those who manage the Philharmonic 
Concerts; but we are not aware that any account was given of the 
method of selection, or that any experiments were instituted with a 
view to its perpetuation. We are also told that this mysterious stan- 
dard was committed to the charge of one particular tradesman, and 
that the rest of the craft had difficulty in obtaining it. We have seen 
another promulgation of a standard tuning-fork, for the especial use 
of. singing-classes. The aresperm of the seller states that careful 
experiments have determined that the Philharmonic c (the o' of our 
notation) vibrates less than 512 times in a second; how much less is 
not stated. These new tuning-forks are asserted to have had their 
pitch raised to vibrate 512 times in a second ; avowedly for no other 
reason than that 512 is a good number for calculation, and inter- 
mediate between those of tuning-forks now in use; and it is stated 
that every fork is tuned to the true standard by a “ scientific process.” 
But directors of concerts and publishers of music should be aware that 


* This means, of course, impossible so long as only twelve sounds are allowed 
in the octave. General Perronet Thompson, a warm advocate of the total 
abolition of temp » has constructed an enharmonic organ, which is 
publicly exhibited, haying fifty-four sounds in the octave, and perfect in twenty- 
one keys. Ail that can be said about the subject is exhausted in his ‘ Principles 
and Practice of First Intonation,’ 4th edition, 1860 (Effingham Wilson), a 
shilling tract of 112 very full pages. We think that he overrates the admitted 
inconveni ; and we despair of seeing a pianoforte with fifty-four sounds 
which shall stand in tune, so as to preserve the minute differences of neighbour- 
ing sounds, But we decidedly approve of the attempt: and we can only say 
that if there shall be a general demand for the abolition of temperament, we 
havé no doubt the thing is practicable. Buta change of musical scale requires 
Great concerted action; want of instruments puts difficulties in the way of 
concert, and want of concert puts difficulties in the way of getting instruments, 
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no attention is ever paid by those who understand such matters to 
scientific secrets; and that until a full account is published, and 
authenticated copies of the standard are made secure and accessible, 
the science of the standard-makers will rank no higher than that of 
the tailors who cut “ on unerring geometrical iples.” 

Mr. Woolhouse, who made experiments on this subject (‘ Essay on 
Musical Intervals,’ p. 64), finds the “common pitch-note a” to make 
424 double vibrations in a second, from whence he infers that c' gives 
509 such vibrations; but whence he got this pitch-note he does not 
state, nor whether he was aware of the existence of a so-called Philhar- 
monic standard. As matters stand, we should recommend every one 
not to be led into the belief of the existence of a standard without 
some better account of it than yet exists, and also in the mean time to 
do what he can to keep down concert-pitch, so as at least to prevent its 
rising higher than it now generally is. 

There is another matter connected with the tuning-forks which 
requires some attention. These forks (in England, not.on the Conti- 
nent) are differently manufactured: there are c forks and a forks— 
that is, forks which sound c' and a. In the orchestra, which must 
follow the violins, the a fork is always used; while in tuning a piano- 
forte, harp, &c., the c fork is used. It is much to be wished that only 
one, the a fork, should be used. Even if the scale were perfect, it 
would still be desirable not to run the risk of error arising from the 
use of different forks; add to which, that, without extreme care,— 
such care as never is taken,—it is impossible to avoid making the 
temperament depend somewhat upon the note which is first tuned, 
and which must be that sounded by the fork. We do not certainly 
much believe in the temperament of an orchestra; the characters of 
the instruments are various, and the disposition of most of the wind 
instruments to be a little out of tune, each in one or more particular 
parts of the scale, gives them each something so like a tem ent 
(or dis-temperament, if the reader please) of its own, that the united 
body disobeys temperament to a degree which sets the slight differ- 
ences between one and another altogether aside. In the full 

there is too much noise for the ear to be very nice on this 
point, and in the solos the leading instrument marks its own tempera- 
ment upon the whole orchestra. But when a few instruments come 
together, some of which are tuned from a and others from ©, the dis- 
advantage of different temperaments may be sensibly felt. But all 
this must be said with much deference, for circumstances connected 
with the scale or its adjustment may produce very different effects 
on different ears. 

We leave the above as it stood in the ‘ Penny Cyclopedia.’ In 1859 
the French ministry made the settlement of the musical pitch a govern- 
ment business: the c' was settled at 522 vibrations per second, which, 
so much had the pitch risen even in very recent time, was a consider- 
able abatement. in 1859, the Society of Arts took up the subject 
in E d, and a committee ascertained that o' had actually 
546 vibrations per second. Looking at the love of singers and concerto- 
players for iancy,—which, we should explain to those unversed in 
music, means squeakiness,—there was much reason to fear that the rise 
was not near its end. Since 1840 the pitch had risen a semitone. 
For practical reasons, connected with the state of musical instruments 
and the want of power to enforce, the society recommended that 528 
should be the number of vibrations in c'. This pro; was generally 
approved of, and tuning-forks (a and c, the interval being that of equal 
temperament) were accordi There is then some hope 
that at least all further rise will be stopped; and we cordially recom- 
mend the proposal, not without a hope that in course of time a still 
further fall may be found practicable. 

The leading note being settled, the tuner must learn to tune that 
note in perfect unison with his fork, and then to tune the octaves of 
that note both above and below, This seems to be the most plain and 
straightforward part of the whole operation; nevertheless, easily as 
tuners take it, and =e y as they refer to one of their octaves as being 
as good an authority as the original note itself, we cannot help thinking 
that more pains than is usually taken might be well besto A note 
and its octave, when the consonance is ectly well tuned, should 
eound like one note : now considering that in a grand piano there are six 
~ -spledhanbe yw oom = octave is ready, three unisons with the 

wer note ree wi eu , it is not Bo vi to t 
that perfectly indivisible effect w ich a good artist om nt f shilve Sor. 
There is a method (given in Jousse’s work) of tuning twelve semi- 
tones of one octave-interval first, without tuning the octave of any 
note, by proceeding upwards by fifths and downwards by fourths, 
until the whole is completed, and this purposely to avoid depending 
upon notes in the adjacent octaves. This mode, however, or other, 
must be matter of individual selection: it cannot be abet any 
one method would be best suited to all ears, 

Those who are acquainted with the mathematical theory of the 
scale know that all the concords cannot be made perfect : po be may 
learn it in the following way :—Su twelve perfect fifths to be 
tuned w from c, and give results the names of the notes 
which would represent in the scale of twelve semitones, and in 


non nomenclature of sharps, if the scale were perfect. We should then 
ve 


C, G, DY, Al, EY, BY, FS, CZ, Get, Dt, Ake, EME, Beg. 
Now since p% is the same note as co’, it appears that twelve perfect 


y fifths intermixed with six descents by octaves is sharper 
Again, if pe sey thirds be tuned from c, we should haye 


oe Bs OB, O° but it 

flat. The octave derived from the fifths vibrates 223 times where it 
should vibrate 220; and that derived from the thirds vibrates 125 
times where it should vibrate 128. The slight alterations which are 
mando curler Sek sy cue se See Peuirs neve Se 


fit to be used as a key-note, without any shock to ear, constitute 
the of a scale; the altered consonances are said to be 
ti . Some writers call the interval from the false octave obtained 


iy hie iia to See rae ae, Dy the neue of ee ae 
word in this sense, Lord Stanhope contends (and justly) for five 
wolves, one from the fifths, and one from each of the sets of thirds — 


time with utter ignorance 
whom they mrecres that there should be no wolf. 


of the animal: we rather suspect 
because it was hunted from one part of the scale to another like a wild 

bene, 1a Nie 96 Sees nS Bs 
o systems of temperament themselves : first, equal, 
scale are distributed equally 


in which the n defects of 
throughout it ; the second, unequal, in which some mode is 


than others, The most common practice of our day is to endeavour at 
equal temperament, The two systems have their advocates, and the . 
its for one ne Tee SNe fb nen In favour of ba | 
temperament it is eys are made equally good, 
that in no one does 5 tepecinelben amen bpdcagee~ 3 ect: also 
that in the orchestra there is little chance of any uniform tempera- 
ment among the various instruments, if it be not this one. Against 
equal temperament it is urged that it takes away all distinctive 
character from the different keys, and leaves no one single key perfect, 
All these gh eye have force, both for and amen for ourselves, 
we consider those against equal temperament much the, . We 


have often felt that a piano newly tuned has, with much correct- 


ed | ness, a certain insipidity, which wears off as the effect of the tuning 


ually disappears ; insomuch that the best phase of the instrumen’ 

gi sucy, ie caiuiblied daring tha period walsh pecseles tas heereial 
offensively * out of tune. At this time the progress towards the state 
of being out of tune (for which there is no single word, maltonation 
would do very well) can only be called a change of the it ; 
nd the several keys begin to axhilit varieties of eharasber whieh maa 
maltonation arrives, render the instrument more and more agreeable, 
But it must be remarked with respect to equal temperament, that it 
cannot be obtained in the ordinary way of tuning. The only way, 
unless beats be used, of obtaining a given temperament, equal or 
unequal, with certainty, is to take a monochord, and having calculated 
the P agin’ lengths of the different strings, to form the successive notes 
on the monochord, and to tune the several notes of the instrument in 
unison with them. No tuner can get an equal temperament by trial ; 
so that the question lies between the having all sorts of spprnieee 
to equal temperament, according to the propensities of di it ears, 
or as many sorts of approximations to some other systems. Had the 
English nation been as musical as it is mechanical, a portable mono- 
chord, or system of monochords, would have been invented, on which 
any given of temperament could have been readily laid down 
by rule, and thence transferred to the instrument. ¥ 

The mode of proceeding by approximation to equal temperament is 
simply to tune the fifths a little too flat, and the following order of 
a is the most usual, and has often been given. The first 
letter represents the note already tuned, the second the one which is 
to be tuned from it; a chord interposed in parentheses represents the 
trial that should be made upon notes already in tune, in order to test 
the success of the operation as far as it has gone, The first step is to 


put c' in tune by the tuning-fork ;— 

C'; CC; CG; GG,; G,D; DA; AA,; A,E; (CEG); EB; (CEG, DGB); 
BB,; BFS; (DFRA); FRF,S; F,SCt; (A,CkE); ChG%; (EGRB); cr; 
(FAC!) ; FA,3; (A\RDF); A, SAS; ALDE; (DEGAS; DEG,F; (G,FCDz). 
We have written all the semitones as , whether tuned from 

above or from below. Of course, since the fifths are all to be a little 


* A musical critic has stated that we avowedly prefer an instrument out of 
tune, His mistake probably arises from his confounding equal temperament 
with perfect tune, average sin with perfect holiness: perhaps he did not know 


| that any scale with twelye sounds cannot bo in perfect tune in every key, 


of distributing the imperfection so as to make some keys feel it less _ 
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too small in their intervals, the upper note must be flattened when 
tuned from below, and the lower note sharpened when tuned from 


above. In the preceding, the octave co is completely tuned, and 
also the adj; interval F. The rest of the instrument is then 
to be by octaves. thirds should all come out a little 


than perfect, as the several trials are made: 
, some of the preceding oe 

4 first tuned by the fifths, and from which all the others are 
tuned by octaves, are called bearings. 

now show how, by means of the theory of the scale, to 
temperament : the rest of this article is therefore 
have some mathematical knowledge of the scale. 
be expressed in mean semitones, and the following 
convenient :—A major tone is 2°039100 mean semi- 
tones; a minor tone, 1°824037; a diatonic semitone, 1:117313; a 
comma, 3; the excess of twelve perfect fifths above seven 
little than a comma, frequently called a 


subdivisions—by to express the 


required. None is so convenient, in our opinion, as 


ual the wolf is made to 
: here only six—larger ones of course. Now a perfect 
major tones, a minor tone, and a diatonic semitone, is 


. 4078200 mean semitones 
. 1°824037 
+ 1117313 


Perfect fifth . . . 7°019550 


The imperfect fifth of this temperament is to be flattened by the 
sixth part of ‘234600, or -039100, and 7°019550 —°039100 is 6-980450, 
the imperfect fifth required. We are then to proceed as follows :— 


Minortone . ., 


Six fifths downwards Six fifths upwards 
perfect. imperfect, 
ot 1200000 P. © 000000 
7°01955 698045 
1sF 498045 lL o@ 698045 
¥' 1698045 698045 
“01 
the os pt 13°96090 
2. ag .9°96090 2 »D 196090 
7701955 698045 
3. De — 204185 3. A 894135 
Dy eeatate . 698045 
“0 
2 EY 1592180 
4, of 792180 4. E 392180 
701955 698045 
5. of  0:90225 5. B  10°90225 
og oes 698045 
“01 
rg 1788270 
6. Fe 5°88270 6. FZ 5°88270 
There is no doubt, at least in this world,* much surplusage in 
carrying the results to five decimals, or the hundred-thousandth part 
of a mean semitone; but all calculators are aware of the desirableness 
of more places than will ultimately be wanted. Collecting the 
above results, we have, for the interval of every note from ©, as far as 
c!, as follows :— 
C 0-00000 E 392180 Gt 7-92180 
Ch 090225 F 498045 A 8°94135 
D 1-96090 Ft 5°88270 At 996090 
DE 294135 G 698045 B 1090225 


We shall now examine the effect upon the several keys. We have 
ey oe the effect of making an interval too small 
is to ghar pense a more Log ey opera while 
we may too an intery: a somewhat contrary 
effect, Ke toe most insporiast chord of every key ia that of the key 


in extatio hallelujahs, when systems of tuning shall no longer perplex d 
temperament shall be no more,” : ee 


r system, the 


note, its third, and fifth, we must form our idea of the effect of each 
key from observing the effect of the temperament upon the common 
chord of the key-note, judging of the character of the key by the 
amount and direction of the temperament of the third and fifth. 
Now a major third is made of a major and minor tone, and is there- 
fore 386314 mean semitones; while a minor third, or a major tone, 
and a diatonic semitone, is 3°15641 mean semitones. Hence the 

rincipal chord of a key, according as it is major or minor, has the 
following intervals from the key-note :— 


Major 3°86314, 
Minor 3715641, 


To examine any particular key, take out the numbers from the pre- 
ceding table opposite to the notes of the principal chord (adding 12 to 


701955 
7°01955 


make the octave when am ; subtract the number of the key-note 
from each of the other two, the remainders will give the tempered 
intervals, Com the tempered intervals with the preceding correct 
intervals, and the amount and direction of the temperament will be 
seen, For instance :— 
Key of A major. 

A 8°94135 CF 12°90225 E* 15°92180 

894135 894135 

Tempered intervals . 396090 6°98045 

Perfect intervals . . - 3886314 7°01955 

Temperaments . ty » +°09776 —*03910 


and + means sharper than perfect, — flatter than perfect. We might 
describe this chord (keeping three decimals, which is more than 
sufficient) as having a temperament pe yen by the following symbol 
(+ °098 — 039); and if we examine the keys in the same manner, 
we shall have the following account of this system of temperament. 
(A person who is used to the subject, and to calculation, might proceed 
more shortly by considering the law of the system, but the beginner 
had best take each key by itself. We have preserved the use of sharps 
only, for the sake of symmetry.) 


Major Key, Temperament. Minor Key. Temperament. 

c, D, G (+°059, —-039) A,B,E (—*098, —+039) 

ci, Fi, Gt (+°215, 0) Ag, Dg, F (—*215, 0) 
Dg (+7176, 0) C (—*215, —*039) 
E (+°137, —+039) Ch (-—"137, 0) 
F (+098, 0) D (—*137, —*039) 
A (+*098, —*039) Fe (—*098, 0) 


At (+°137, 0) 
B (-+°176, —*039) 


The rules for the verification of every such process are six in 
number, and as they express relations which may be made of si 
use in searching for systems of temperament, we give them at length, 
In all these rules it is supposed that the fifths and minor thirds are 
tempered flat, the major thirds sharp, and that the signs are neglected. 

1, The sum of the temperaments of all the fifths in the twelve keys 
must be the excess of twelve fifths above seven octaves, or ‘23460 of a 
mean semitone. 

2. The sum of the temperaments of all the thirds in the twelve 
major keys must be the excess of the octave above three major thirds 
taken four times, or 1°64236 mean semitones; the sum of the tem- 
peraments of the thirds in any three keys whose tonics are successive 
thirds being the excess above mentioned, or °41059 of a mean 
semitone. 

8, The sum of the temperaments of all the thirds in the twelve 
minor keys is three times the excess of four minor thirds over an 


G (-"176, —-039) 
Gt (--176, 0) 


-octave, or 1°87695 mean semitones; the sum of the temperaments 


of the thirds in any four minor keys whose tonics are successive minor 
thirds being the excess above mentioned, or ‘62565 of a mean semi- 
tone. 

4, The temperament of the third in any major key, increased b: 
the temperaments of the fifths in that key and the She nuceiiies 
dominant keys, makes a comma, or ‘215063 of a mean semitone. The 
dominant of a note is the fifth above it; so that the successive domi- 
nant keys of c major, for instance, are those of G, p, A. Thus, in the 
above system, the temperament of the third in at major is ‘137, and 
those of the fifths in a2, Fr, 0, G, are 0, 0, 039, ‘039: put these together, 
and we have ‘215, a comma, as asserted. 

5. The temperament of the minor third in any key, together with 
the tem; ents of the fifths in the three succeeding subdominant 
keys, ¢ a comma, or ‘21506 of a mean semitone. The subdominant 
of a note is the fourth above it; so that the successive subdominant 
keys of 0, for instance, are those of r, at, p#. Thus, in the above 
temperament of the third in aft minor, for instance, is 
‘215, and the temperaments of the fifths in p#, at, ct, are severally 0: 
these put together of course give ‘215, a comma, as asserted. 

6. The temperament of the flat seventh in any key is the difference 
of those of the fifth in that key and the minor third in the dominant 


key. 

The algebraist may easily see how these rules are deduced, and also 
that they are all which can be obtained. They amount altogether to 
25 equations of condition ; for the first, fourth, and fifth rules contain 
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the second, third, and sixth. Now, the pitch var ab tes die 
there are eleven notes to be determined, and there are 3x 12 or 36 
equations between the values of those pl yee ee oooh 


Ine system of temperament which deserves the name, the fifths 
must be flattened, and also the minor thirds; while the major thirds 


Th te nei ahily Wo Datebahese the temperaments of the thirds, major 
and minor, from those of the fifths. From a comma subtract the sum 
of the temperaments of the fifths in any one key and the three 
following dominant keys, and the remainder will be the temperament 
of the major third in that yer Agin, from a comma subtract the 
sum of the tem ents of the in the three subdominant keys 
following any gen key, and the remainder will be the temperament 
of the minor in that key. Hence we may without ay trouble, 
lay down at pleasure the temperaments of the fifths, and deduce those 
of the thirds. But we cannot, from the temperaments of the thirds, 
deduce those of the fifths. It must be remembered that a succession 
of fifths, setting out from a given note, runs through every note of the 
seale before it reaches that note again; while the major thirds are 
brought up, so to speak, by the original note, in three successions, and 
the minor thirds in four, There are then four distinct parcels of 
major thirds, and three of minor ones, sv that it is impossible to pass 
out of one into another by thirds alone. It would be ible to tem- 
per all the major thirds equally, and yet to retain an unlimited number 
of modes of tempering the , depending upon the manner in which 
one system of thirds is joined on to the others; and the same of the 
minor thirds, 

We have, from the scale, shown how to construct the temperaments: 
we now take the inverse question, namely, from the temperaments to 
construct the scale. Let the rer Mier stil Pp ot daa 
above the letters: thus a’ ts af, and so on. t the tempera- 
ments of the fifths, in the several keys, be denoted by the small letters: 
thus a represents the tem; ent of the fifth in the key of a, or is 
the portion of a mean se! rely Rage crstsad cx ag eet sa tmgetce | 
short of a fect fifth. And, for abbreviation, let simple commas 
denote addition ; thus a, may mean a+b. Also let the notes them- 
selves be descriptive of their intervals from co: thus c means 0; a’ 
means the interval between of and c: we haye, then, vy meaning the 
number of mean semitones in a perfect fifth, 


c= 0 
. ¢= v—@e 

p= 2v-—12—¢e,9 

a= 8v—12-—e¢,9,d 

E= 4v—24—c¢,9,d,a 
B= 5v—24—¢,9,d,a,¢ 
¥= 6v— 36 —¢,9,d,a,¢,6 


c= Tv—48—c,9,d, a,¢,b,f’ 

@= 8v— 48 —¢,9,d,a,¢,b,f',¢ 

y= 9v— 60—¢,9,d,a,¢,b,f',¢,7 

a’= 10 v — 60 -¢,9,d,a,¢,b,f',¢',9',d’ 

¥ =llv—172—¢,9,d, a,¢, 6,7’, cg’, a’, a 


That is, the interval from c to B, for-example, is found by deducting 
from the excess of five ‘ect fifths above two octaves the sum of the 
ta of the in the keys of c, 6, D, a, and B. Towards 
the end, in isolated ———* trouble will be saved by remembering 

e 


that the sum of all Senpareanata 06, the Siihe ib ORE Sameeee 
semitone, and that we thus have— : 


9, d, a, ¢, 4,f', c’,g', d’, a’, = “2346 —f 
¢, 9, 4, a, ¢, 5, f',¢,9', @’, = 2346 — f, a’, &e. 


Sieisal els yotees of toe of SL eee 
a system of temperament w! we should like much to 
see tried. We are for variety in the several keys, and against equal 
temperament ; but we do not like variety without law. We do not. 

to find the greatest tem ent in one key, and 
an adjacent key, as that of the dominant ghar 


Hl 


F 
3 
5 
; 


, 
those of ¥’, c’, 0’, D’, a’, ¥.| And, as a first step, let the incrementa 
ts. of the fifths be equal, or letc=m, 
y= 2m, d=3m, a= dm, e=5m, b=6m, f/=7m, ¢ =6m, 7’ = 5m, d’=4m, 
a@=3m,f=2m, Here, as far as are concerned, the effect of 
modulation into the dominant or subdominant keys is the same every- 
ee en ea ee , from the first rule, 
we have 48m = ‘2346, or m= 75, and the greatest temperament 
of a fifth is seven times this, or ‘034. Now, if we compute the tem- 


peraments of the thirds, major and minor, from the fourth and fifth Fc 
Palos, we may exhibis tbe tocaperaasonta of ll the keys, an liom fee ™ ; 


~~" 
‘> ‘ 


Key. Temperament, Key. Temperament, 
— + - -_ 
c 186 | 166 | 005 | Fg | +127 
G 191 | “147 | 010 || cg | +192 
D isc | “197 | -015 || GE 127 
A 171 | 108 | 020 |) DE | -142 
E 156 09s |--04 | A 156 
B | -142 | -098 | -029 || F “171 


— "156, + *137, — *020, 

Now, to form the scale in this system. Proceeding 

given above, of which we take a few steps as an example, 
c= 


0°000000 
v = 7019550 


7019550 
c=n= “004888 


A = 7014662 
Vv = 7°019550 


27034212" 
a=2m= +009775 


p= 2024487, &e, 


Proceeding in this way, we find for the intervals of the several ‘4 
tones from the key note, expremed in mean semitones, the following 


table :— 
c 0000 E 47029 Gt | 7990 i 
ct | 1-000 F | 4990 A 9-029 Db xi; 
D | 2-024 || Fe! 6-015 |] at | 9-985 ton 
Dt} 2-985 G | 7015 B | 11-024 on GP 


To carry this or any other system strictly into practice without 
comparisons with the monochord, or the use of beats, bet} i tet 
scribed, would be impossible; but the following might be a, oe 
an approximation. In t 7 
made perfect, or all but 3 let there be greater temperament in 

remaining 


The system of temperament is sometimes described b giving 
number of vibrations made by the several ‘ottlicnes, or Salas dae by 
portional to them. It is easy enough to deduce the number of mean 
semitones in each interval from such data, either by the common tables 
of logarithms, or by that given in Scar. tous 

First, by the common table of logarithms. From the logarithm of 
the number answering to the higher note, subtract that ing to 
the lower ; from the result take its three-hundredth and touligigle 
the remainder by 40. The product is the number of mean e8 
in the interval, with an excess of little more than the thousandth __ 
of a mean semitone in an octave. ‘or example, to find the intervals, — 
in mean semitones, of a fifth and of a comma; in the former of which _ 
the lower note makes two vibrations while the higher makes three, and 
in the latter 80, while the higher makes 81 ;— 7 


For the Fifth. For the Comma, 
log. 8 = “47712 log. 81 = 1:90849 
log. 2 = 80103 log. 80 = 190809 
300) 17609 300) 08540 
00059 %) 
17550 00 
10 "40 
Result 7-02 Result -2152 
More exactly 7-01955 More exactly +2151 
Error 0°00045 | Error 0001 . 


Next, by the table in Scatx. If the numbers be in 
simply subtract the logarithm of the lower number fro 
the higher, and the result is the answer required, within about the 
hundredth of a mean semitone. But if the numbers be not in the 
table, divide both by any number which will bring them the 


table, accurately or approximately, and then subtract as before : ints, 


* Throw out the twelves as fast as they arise, 


aa ee 
le lh 
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ion may of course be employed, but if the skill of the computer 

o not reach so far, he must be content with a less accurate result, 
or must use the common table, in the manner just explained. For 
instance, one note makes 4622 vibrations, while another makes 5033 ; 
required the interval between them. Divide both by 30, which gives 
1541 and 167°8 ; if without interpolation, say 154 and 168. Opposite 
to 168 is 88°70, and opposite to 154 is 87°20, differing by 1°5, ora 
_ mean semitone and a half. The interpolated logarithms are 88°68 and 
ard aenee ing by 1°47. The more accurate result of the former rule 
is 1- : 

The tuning of a piano-forte is generally done by ear, but in that of 
an recourse is had, though not very often, to the beats which 
he a consonances always give. In the temperament of this last- 
named king of instruments, less liberty is allowable than in that of the 
stringed instruments; for not only do the beats become unpleasantly 
frequent when a consonance is too imperfect, but the imperfection of 
the consonance itself is more perceptible when notes are held, as in the 
organ, than when they die rapidly away, as in the piano-forte. These 
beats are described in Acoustics, and when the lower note is known, 
and also its number of vibrations, the number of beats which are made 
in a given time, as ten seconds, a minute, or any other which is con- 
venient, can be calculated from the known imperfection of the con- 
sonance, and the number of vibrations of the lower note. Theoretically 
speaking, it makes some little difference whether the consonance be 
tempered sharp or flat, but not to an extent which it is worth while to 
consider. The rule for determining the beats is as follows: let the 
lower note of the (perfect) consonance make n vibrations, while the 
upper note makes m, the fraction m + n being in its lowest terms, and 
let w and ™ be the actual numbers of vibrations in the lower and higher 
notes, per second: then mN=amM. Let mu be the fraction of a mean 
semitone by which the consonance is tem ; then the number of 
beats in a minute is found by taking the fraction ¢ of the production 
m& or 2M, multiplying by 1109 dividing by 320, or by 4, 8, and 
10. The algebraical formula is 


1109 1109 1109 
“Fa9 UMN OF “gop MnM ES = 84650) 


For example, let the note c' make 512 vibrations; it is required to 

find the number of beats per minute in the consonance c'a!, when tem- 

as in the of mean semitones. Here n=512, m=3, 

ms =1536. The perfect fifth is 7°01955 mean semitones, whence the frac- 

tion yu is “01955, since the tempered fifth has seven semitones exactly. 

Multiply °01955 by 1536, which gives 300288; multiply by 1109 and 
divide by 320, which gives 104°07 (say 104) beats in a minute. 

Tables for facilitating the calculations might easily be made, but it 
is hardly worth while to insert them here. These beats are usually, 
we believe, simply counted with a watch, but it would be both conve- 
nient and exact to have some such machine as Dr, Smith recommended, 
a pendulum which could be easily altered in vibration, and first ad- 
justed to move exactly with the beats; the pendulum might then be 
subsequently com: with the watch. Without such a contrivance 
it is very difficult to tune the piano-forte by beats, since they do not 
last enough in sufficient intensity ; with it the last-named instru- 
ment it easily be tuned on any — of temperament ; and those 
who practise the art would have the advantage of hearing different 
systems, knowing at the same time what those systems are, At pre- 
sent the few organ-builders who use beats are the only tuners who 
make any approach to science: all the rest ju only by ‘the ear, 
which may vary from time to time, or even with the state of the body, 
or the weather. We have many reasons for thinking that the ear 
alone is a variable judge in so nice a matter as temperament. 

Persons desirous of information on this subject may consult Jousse 
*On Temperament,’ London, 1832; Hamilton, ‘ Introduction to the 
Art of Tuning’ (no date); Stanhope, ‘ Principles of Tuning,’ 1806 ; 
Marsh, ‘ Th of Harmonics, 1809; Woolhouse, ‘ On Musical Inter- 
vals,’ 1835; Sir J. Herschel, ‘On Sound’ (Zncyclop. Metropol.) ; 
Young’s ‘ Lectures, vol. i, cap. 83; Smith, ‘On Harmonics,’ first 
edition, 1749; second edition, 1759. This work of Dr. Smith is most 
difficult and confused, but is still the most extensive separate treatise 
on the subject; that of Mr. Woolhouse is sufficient, and much more 
intelligible. On the rag ab beats, - co eau as to 
temperament, see a paper essor De Morgan, ‘ Beats of 
Oi ri ” (Camb. Phil. Trans., vol. x., part i.), 

TURE, [Armospuere; Cirmate; Isoruenma Lrygs.] 

TEMPERATURE OF THE SEA. [Sga.] 

TEMPERATURE, TERRESTRIAL, DISTRIBUTION OF. [Trr- 
BESTRIAL TEMPERATURE. 

TEMPERING OF STEEL. [Steet Mayuracturn; Curiery. 

TEMPLARS, KNIGHTS TEMPLARS, or KNIGHTS OF THE 
TEMPLE, are the popular designations for the Brethren of the Temple 
of Solomon at Jerusalem, also called the Soldiery of the Temple 
(Militia Templi) and the Soldiers of Christ. The three great religious 
military Orders, the Knights of the Hospital of St. John of Jerusalem 
— called the Knights Hospitallers), the Templars, and the 

eutonic Kni of St. Mary of Jerusalem (or German Knights of the 
Cross), all origin in the 12th century ; the two former towards its 
commencement, during the first crusade, the last not till near its close. 


The founders of the Order of the Templars, which is held to date from 
the year 1118 or 1119, were nine knights, all French, of whom the two 
chief were Hugues-de Payens (or de Paganes) and Geoffroi de St. Omer 
(or St. Ademar). One account makes all the nine to have been pre- 
viously members of the Order of St. John; but it is at least doubtful 
if this were the case. At all events, the Hospitallers were not yet a 
military order; their distinguishing profession was to entertain pil- 
grims and to attend the sick and wounded: the idea of adding to the 
three common vows of chastity, poverty, and obedience, an engagement 
to fight against the Infidels, appears to have been first put in practice 
by De Payens and his brethren. Up to this time, when a knight 


entered the society of the Hospitallers, he seems to have laid aside his ~ 


arms. Nor probably did the nine knights forming the new association 
at first contemplate either the extensively military character which 
their order eventually assumed, or even the establishment of an order 
which should extend and perpetuate itself. Their original vow was 
simply to maintain free passage for the pilgrims who should visit the 
Holy Land; and they did not proceed to add to their number till six 
or seyen years after their association. In another respect, also, their 
early condition and pretensions were remarkably contrasted with their 
subsequent state; for at this time they made the greatest show of 
poverty, even De Payens, who was styled Master, and his friend 
De St. Omer, keeping only one horse between them, a circumstance 
commemorated in the seal of the order, which represents two armed 
knights mounted one behind the other on the same horse. Indeed, 
the name which they took, and by which they were commonly known, 
was the Pauper Soldiers (Pauperes Commilitones) of the Temple of 
Solomon ; and they professed to have no source of subsistence but the 
alms of the faithful. The king of Jerusalem, Baldwin II., gave them 
their first place of residence—a part of his palace ; to which the abbot 
and canons of the church and convent of the Temple, which stood 
adjoining, added another building for keeping their arms, whence they 
acquired the name of Templars. 

The new principle of their association, however, immediately drew 
general attention ; so much so, that in 1120 the Hospitallers got their 
order remodelled by Pope Calixtus II. on the same principle. The 
first regular embodying of the Templars was by Honorius II., who in 
1128 confirmed a rule for them which had been drawn up and decreed 
that same year by the Council of Troyes, on the requisition of Hugues 
de Payens and several of his brethren, Honorius at the same time, to 
distinguish them from the Hospitallers, who were arrayed in a black 
mantle, assigned the brethren of the new order a white mantle for 
their peculiar dress, which they wore plain till Eugenius III., in 1146, 
appointed them to wear a red cross on the left breast, in imitation of 
the white cross worn by the Hospitallers, This bloody cross was also 
borne upon their banner, which was formed of cloth striped black and 
white ; whence it was called Bauseant, an old French term applied to 
a horse marked with these colours. This word consequently became 
the famous war-cry of the Temple chivalry. 

The new order speedily rose into consideration. Members of the 
noblest families in every nation of Christendom eagerly sought to be 
joined to it ; legacies and donations in lands and money were showered 
upon it by persons of all ranks ; and in course of time it acquired ample 
possessions in nearly every country of Europe. At the head of the 
order was the Master, or Grand Master (Magister, or Magnus Magister), 
who was, however, not only elected by the Chapter, or general body of 
the Knights, but very much controlled by that body. The Grand 
Master had immediately under him his Seneschal, or lieutenant, and 
other high officers were the Marshal, the Treasurer, &c. The several 
countries in Asia and Europe in which the order had possessions were 
denominated Provinces; and each of them was presided over by a 
resident chief, called, indifferently, a Grand Prior, Grand Preceptor, or 
Provincial Master. Under the provincial masters were the Priors, 
otherwise called Bailiffs, or Masters, who had charge each of one of the 
districts into which the province was divided; and, finally, under the 
priors were the Preceptors, each of whom presided over a single houge 
of the order (or sometimes over two or three adjoining houses which 
were considered as one establishment), hence called a Preceptory, The 
head province was that of Jerusalem ; the affairs of the order, in fact, 
were for the most part directed by the chapter of this province, which 
was invested by the constitution with all the powers of a general 
chapter at all times when such a chapter was not assembled. The 
Grand Prior of Jerusalem was ex-officio treasurer of the order; and 
in this province the Grand Master resided so long as the Christians 
retained any footing in the country; and on the fall of Acre, and the 
final extinction of the Latin power in Palestine, in 1192, the Knights 
took refuge in the town of Limisso (otherwise called Limasol) in 
Cyprus. The other provinces in the East were Tripolis and Antioch ; 
to which Cyprus, till then included in one of these, was added after 
that island became the head-quarters of the order. The western pro- 
vinces were Portugal, Castile and Leon, Aragon, France and Auvergne, 
Normandy, Aquitaine or Poitou, Provence, England (in which Scotland 
be — were included), Germany, Upper and Central Italy, Apulia, 
an iy. 

For some time after its institution, the Order of the Templars con- 
sisted exclusively of laymen; but in the year 1162, the famous bull 
entitled ‘Omne Datum Optimum,’ issued by Pope Alexander III., 
among other important privileges which it bestowed upon the order, 


17 TEMPLARS. 


TEMPLARS, 


—*, it to receive as members any spiritual persons who were not 
by previous vows, These spiritual members were called Chap- 
lains. They did not fight, nor take the mili vow; but, in lieu of 
that duty, they not only celebrated mass and o' religious offices in 
the houses of the order, but usually also acted as secretaries to the 
chapter. Alexander's bull also allowed the order to have its own 
burial-grounds ; released it from all spiritual obedience, except only to 
the holy see ; freed it from the payment of tithes, and even authorised 

hibited any 
e order unless 


it to receive them if the bishop gave his consent; and 
one who had once become a Templar from ever leaving 
to enter into 4 stricter one. 

At a date a little later the society still farther extended its scheme 
and its influence, by admitting as members many persons who were 
not knights or of noble birth, but who were desirous of participating 
in the advantages of belonging to so powerful a body, on condition of 
acting as the squires and servants of the knights. These were styled 

ing Brethren ; and in this class were sometimes found individuals 
both of great wealth and eminent station, though not of high birth or 
tly rank. The serving-brethren, however, could not be pre- 
ceptors, or hold any of the higher offices in the order. Latterly, they 
were divided into two classes—those of arms and those of trades; the 
former attending the knights to the field as esquires ; the latter exer- 
cising various handicrafts in the houses or on the lands belonging to 
the order. The order also associated to itself many persons under the 
name of Affiliated Members, who took no vows, assumed no peculiar 
dress, nor became subject to any duties or services ; but, continuing to 
rsue their ordinary secular occupations, merely purchased enrolment 
4 the ranks of the powerful and highly-privileged soldiery of the 
Temple for the sake of the protection and A se advantages, both tem- 
poral and spiritual, which even such a mere nominal membership 
ensured. The affiliated comprehended women as well as men. 
Finally, there were the Donati and the Oblati, consisting of children 
dedicated to the order by their parents or other relations ; and also 
* of persons of all ranks, both laity and clergy, who, without entering 
the order, pledged themselves to stand by it, and to maintain its 
ights. 


The history of the Knights Templars would embrace the history of 
the wars of the Christians against the Infidels in the East for all the 
time they lasted after the establishment of the order. For more than 
a hundred and seventy years the soldiers of the Temple formed the 
most renowned Me of the Christian troops, and almost every 
encounter with the enemy bore testimony to their unequalled prowess 
and daring. But it may nevertheless be questioned whether the 
establishment of this and the other religious military orders proved 
advantageous to the attempt so perseveringly made to wrest the Holy 
Land from the dominion of the Infidels. The Templars and Hospi- 
tallers probably damaged and weakened the cause for which they 
fought, as much by their rivalry, jealousies, and frequently open con- 
tention, as they aided it by their valour. Then, the immense wealth 
and worldly power which the Templars in particular speedily acquired, 
altogether changed the original character and spirit of their institution 
long before it was half a century old. Within thirty or forty years 
from the origin of the order, two at least of the four vows which the 
members still continued to take had become a mockery and a profana- 
tion ; instead of poverty and chastity, they were already distinguished 
by their pomp and pride, and the general luxury and licentiousness of 
their lives. But the vast material forces of the association, the extent 
to which it had projected its ramifications in all directions, and its 
other elements of strength, might have long withstood the principle of 
a thus at work within it, if it had not drawn upon itself an 
assault from without by which it could not fail to be overpowered. 

The destroyer of the Templars was the resolute and vindictive 
Philip [V. of France. Philip, who came to the throne in 1285, at the 
age of seventeen, was the enemy of the church by education, by 
temper, and by circumstances. He had already proceeded to extremi- 
ties in a quarrel with Pope Boniface VIII., which was terminated only 
with the life of ee pone His successor, Benedict XL, is supposed 
to have been poisoned at the instigation of Philip. Benedict was suc- 
ceeded by Clement V., who is believed to have purchased his elevation 
from Philip on condition, among other compliances, of co-operating 
with him in the destruction of the Templars. This was in 1305. In 
1306, Jaques de Molay, the Master of the Temple, was drawn to Europe 

a summons from the pope, who professed a desire to consult with 

m on the expediency of a union of the two orders of the Templars 
and the Hospitallers. The following year, while Molay was at Paris, 
the first di t accusations against the Templars were made by two 
individuals lying in aa under sentence of death ; Squin de Flexian, 
who had formerly been a member of the order and prior of Mont- 
faucon, but had been ejected for heresy and other offences, and a 
Florentine called Noffo Dei, also, according to one account, a degraded 
Templar, by general admission a person of the worst character. They 
made their revelations to Philip himself, and were immediately libe- 
rated from } poe Their charges, imputing to the order the systematic 
practice and encouragement of all sorts of secret immoralities, as well 
as the strangest confusion of heresy, idolatry, and infidelity, are far too 
absurd for examination. Very soon after this, on the 12th of Septem- 
ber, 1307, royal letters were issued, sealed, to all the governors of 
towns and other officers of the crown in authority throughout the 


kingdom, and transmitted along with orders to them to arm themselves 
and the persons under their command on that day month, and then to 
open the letters in the night, and to act as they should find 
erein directed. The result was, that the next day (Oct. 13) 
all the Templars in France, De Molay included, were in custody. Th 
houses and were also everywhere seized; the vast stronghold 
of the Temple at Paris, the chief seat of the order in that kingdom, 
was entered and taken possession of b in Seepee 
An act of accusation was forthwith published; and Philip at the 
same time wrote to the pope, and also to the king of England, inti- 
mating what he had done, and calling upon them to second him. 
Edward II., on receiving letters from Clement, yielded, and the nee 
Templars were seized and thrown into confinement about the of 
December. Meanwhile, the examinations had been going on in France 
under the direction of the king’s confessor, Imbert, a Dominican y 
and, as such, the inveterate enemy of the order of the Templars. Con- 
fessions, in many cases incredible from their inherent absurdity, were 
extracted from many of the knights at Paris and elsewhere by the 
most savage tortures. This went on for many months. In August, 
1308, Clement, whose person re, 4 had now contrived to get com- 
pletely into his power, issued a bull, calling upon all Christian princes 
and prelates to aid him in examining into the guilt of the order; and 
about the same time his holiness ——— a commission, consisting of 
the archbishop of Narbonne and other prelates and dignitaries of the 
church, to meet at Paris to try the case. This commission, however, 
did not commence its sittings till the 7th of August, 1309. A few 
months later, examinations under ju deputed or nominated by the 
pe, commenced in England and other countries, Altogether many 
undreds of knights were examined by these commissions during the 
years 1309, 1310, and 1311; but it was only in France, where torture 
was made use of, that any admissions were obtained of the crimes laid 
to the charge of the order, except such as were manifestly unworthy 
of regard. Even the Paris commission, however, did not satisfy the 
its 


impatience of Philip: on its requisition a great number of kni 
stood forward to defend the order, among whom were several of 
who had confessed and afterwards retracted. Philip, having forced 
the pope to nominate Philip de Marigni, bishop of Cambray, the 
brother of Enguerrand de Marigni, his prime minister, to the arch- 
bishopric of Sens, which had just become vacant, and then included 
the diocese of Paris, the new archbishop to convoke his provincial 
council in the capital, on Sunday, the 1 of May, 1310; and this 
body, on the Wednesday morning following, had fifty-four of the 
defenders of the order, who had formerly made confession, brought out 
as “ relapsed heretics” to a field behind the abbey of St. Antoine, and 
there committed to the flames. They all died asserting their inno- 
cence and that of the order. These ings and others of a like 
kind in the provinces of Rheims and Sens, put a stop to the attempt 
at defending the order: the rest of the knights who had undertaken 
this task now all declared their renouncement of it. Meanwhile, a 
general council met by order of Clement at Vienne, October 13, 1311, 
but it was not found so compliant as Philip and the pope had expected ; 
and Clement, having put an end to the session, assembled the cardinals 
and a few other prelates upon whom he could depend, in a secret con- 
sistory, and abolished the order by his own authority, on the 22nd of 
March, 1312. The bull of abolition was formally published on the 
2nd of May following. On the 18th of March, 1314, Molay, the grand 
master, and Guy, commander or grand prior of Normandy, who had — 
all this while remained in prison at Paris, were brought before the 
archbishop of Sens, condemned to death, and burned on one of the 
small islands in the Seine, about the spot where the statue of Henry IV. 
is now erected on the Pont Neuf. ; ‘ 
After all, Clement and Philip, the former of whom died suddenly 
about a month, and the latter, of a fall from his horse, within a 
after the martyrdom of De Molay, were able to secure to themselves 
only a small Seow of the plunder which they had probably hoped for, 
The king of France seized and kept, or divided with his co 
the moveable property of the Templars in that country; but there, 
and also in England, and os the rest of Europe, with the 
exception of Spain and Portugal, it was found n to transfer 
their landed possessions to the Hospitallers, or Knights of St, John 
(at this time commonly known, from the place where they had fixed 
their head residence, as the Knights of Rhodes). In § 
of the Templars were bestowed upon the Knights of Our Lady of 
Montesa, a new order, founded in 1317; and in Portugal the society 
merely took the new name of the Order of Christ, which still subsists. 
It has been calculated that the entire revenues of the order when it 
was dissolved did not fall short of six millions , though it seems 
impossible that this should not be a great exaggeration. Their pos- 
sessions in England were even at a comparatively early period of great 
extent and value, as may be seen from an “ inquisitio,” or account of 
their lands, taken by royal authority in the year 1185, which Dugdale 
has printed in his ‘Monasticon’ (vol. vi., pt. ii.). They are supposed 
to have been settled in the Old Temple, at London, which stood on the 
south side of Holborn, near the present Southampton Buildings, by 
the beginning of the reign of Stephen: they removed to their new 
house at the western extremity of Fleet Street, the site of 
retains the name of the Temple, in 1185. This was the chief seat of 
the order in England, 


~ 0 peta PY 


128 TEMPLE. 


TEMPLE. — 130 


much discussed in modern times; and although it may be said to be 
i admitted that the particular charges u 


er cones his Minas 9 Orient, bes ars ge ar to conve _ 
order of a icipation in the apostacy, idolatry, and impiety of the 
Gnostics and Optianites. Von Hammer's Essay was answered by 
M. Raynouard, in a long note printed in the fifth volume of Michaud’s 
* Histoire des Croisades,’ &c.; and also in two articles in the ‘ Journal 
des Savans’ for March and April, 1819 ; and in two others published 
in the ‘ Bibliothéque Universelle,’ tom. x. The documents relating to 
the condemnation of the Templars were first published in a work 
entitled ‘ Traitez concernant la Condemnation des Templiers,’ par M. 
Du Puy, 8vo, Paris, 1654; reprinted, with additions, under the title 
of ‘ Histoire de la Condemnation des Templiers,’ &c., Pierre Du 
Puy, 2 vols. 8vo, Bruxelles, 1713; and under that of ‘ Histoire de 

Militaire des Templiers, avec les Piéces Justificatives,’ 4to, 
Bruxelles, 1751. Other works on the subject are—‘ Nicolai Giirtleri 
Historia Templariorum,’ 8vo, Amst., 1691, and, with large additions, 
1703; ‘ Christiani Thomasii Dissertatio de Templariorum Equitum 
Ordine Sublato, 4to, Halae, 1705; Raynouard, ‘ Monumens Historiques 
relatifs & la Condamnation des Templiers, 8vo, Paris, 1813 ; Munter, 
‘Statutenbuch des Ordens der Tem ;’ Wilike, ‘ Geschichte 
des Tempelherrenordens ;’ and ‘ The History of the Knights Templars, 
the Temple Church, and the Temple,’ by C. G. Addison, 4to, London, 


1842. 
TEMPLE (the Latin “ Templum”) a building set apart for religious 
uses. What is known of the columnar architecture of the nations 
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Instead of being composed of a variety of and com- 
bined together, Grecian tem: meatal Sly of seeigle. poralislograt, 
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distinctions may be reduced all those subordinate ones for which 
technical terms have been invented: but whatever be their 
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respective denominations of temples and porticos according to the 
number of columns in front. The one “in antis” is a distyle in antis, 
there being only two columns between the ante, or three intercolumns, 


ee ee 


PERIPTERAL — 
AMPH PROSTYL ES PERIPTERAL 

as in the two tetrastyle examples (prostyle and amphiprostyle) ; 
whereas were there four columns between the anti, it init ee 


the side walls enclosing that part of the es (pronaos), which may be 
described as a dipteral or double tetrastyle in antis, having a distyle in 
antis behind it, and a diprostyle decastyle in front of it. 

Still there is no variety whatever as to external form, no individual 
character as to outline or even the general proportions, nothing of 
combination or of design, as the last term is ly understood ; but 
the difference of effect Sp competent) upon the actual dimen- 
sions of the structures, upon ial and execution, upon circum- 
stances of detail and finish, and on the degree and particular kind of 
decoration in regard to sculpture and polychromic embellishment. 
The only instance of combination and grouping is that afforded by 
the Erechtheion, or triple temple on the Acropolis at Athens, which 
has two distinct porticos, namely, an Ionic hexastyle monoprostyle at 
its east end, and a le diprostyle of the same order on its north 
side, and upon a lower level; besides which there is a smaller attached 
or projecting structure at the south-west angle, forming a tetrastyle 
diprostyle arrangement of caryatic figures, raised upon a screen-wall or 
| ager In this combination no regard has been paid to symmetry ; 
‘or which reason however it is the more striking, as forming a decided 
contrast to the unvaried and even monotonous uniformity pervading 
the temple-architecture of the Greeks. It is almost the only Grecian 
structure that can be said to be as much distinguished by picturesque- 
ness as by elegance of architectural detail. This edifice moreover 
affords almost the only instance in the Grecian style of distinct 
porticos or Laem ig projecting from a building [Portico], other 
porticos being ei in antis, so as to be recessed within the main walls 
forming the sides of the edifice; or are only the end or ends of the 
colonnades continued throughout the whole exterior : consequently in 
neither case does such portico show itself as an ‘actual prostyle. The 
only other known examples of Greek prostyles are the two small Ionic 
fee my at Athens, that on the banks of the Ilissus, called the temple 
of Panops ; and that-dedicated to Nike Apteros, or Wingless Victory. 
Both these were amphiprostyle, and not in antis, consequently had a 

jecting portico at each end; and in both the porticos were tetra- 
style, Of the former nothing now remains, but it is well known from 
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Stuart's delineations, and the order itseli—of Fic and bold but 
elegant character—has been adopted as the type of most of our modern 
Grecian Ionic. Though amphiprostyle, the porticos were not exactly 
similar in plan; for while the one was a mere mono tyle, that 
forming the entrance end was also deeply recessed wi! the main 
walls, after the manner of a portico in antis without columns, The 
other temple, that of Nike Apteros, was a 4 Ages structure, a 
mere votive chapel, close by the west front of lg | oa of the 
Acropolis, with its hinder portico the south wing of that edifice, 
but turned obliquely from it. For although they carried regularity 
almost to excess, the Greeks seem to have paid no regard to it what- 
ever in disposing buildings relatively to each other, for there is a 
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The Greeks, on the contrary, certainly did not 
attempt to imitate or rival the Egyptians in the extent and complex | to them 
there can be little doubt that | greater dignity to the whole temple or 
ebted to them for much of their architectural | architectural group, they elevated it upon not a 


beauty of detail and finish of 
to 


not only detached from but altogether unconnected with adjacent 
ones, instead of forming with them a symmetrically arranged assem- 
blage or group. It seems however to have been in some degree the 
practice with the Greeks as well as with the Romans to erect several 
ee ree Neer each other, and in a ee 
i district of a city, as was the case in the Forum and Capitol a‘ 
Rome, where temple succeeded to temple almost uninterruptedly ; 
and the ruins of Pastum, Agrigentum, Selinus, and other places show 
a somewhat similar concentration of sacred edifices about the same 
t. Temples were frequently surrounded by a sacred grove or 
tation of trees, temenos, or else placed within an enclosure, per- 
tbolos, formed either by mere walls or by colonnades, but there are 
searcely any examples of the kind now remaining; and they are 
iefly Roman works, namely,the temples at Baalbec and Palmyra, 
Similarly enclosed and standing in the centre of a peribolos or piazza 


spreading-out platform, constitu a terrace on every side. 
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the principal edifice or temple there were several subordinate ones, on 
the different 


mere 
ples were almost invariably single structures, | substructure with an ascent in front or at both ends, ies 


the Greeks. Besides ! 
pteral, which have been shown , there were other varieties and 
combinations. For a notice of some of them we refer to Roman 
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(therefore very different in plan from an Egyptian temple preceded by 


Instead of entering 
a fore-court), were the temples of Jupiter and Juno, Venus and Roma, 


| Athens . -| Theseion . : +| Doric . «| Hexastyle, peripteral, with 12 intercolumns on sides, 46 x 105 feet. : 
” + «| Parthenon ‘ + »+| Dorie. a ao alate hypethral, 100 228 feet; Ictinus and Callicrates, architects, [Exox 
ARBLES, 

|» + «| Propylaa . . -| Doric . .| Hexastyle on both fronts, with wings of a smaller order, at right angles to west front, Mnesicles, 

| architect, 437-432 z.c, 

ia » «| Erectheion . « «| Tonic. Hexastyle, prostyle at east end, with a tetrastyle, diprostyle on north side. 

mh < . | Panops = ® «| Tonie . «| Tetrastyle, amphiprostyle, A well-known example, though no longer extant, having been 

/ destroyed by the Turks since Stuart’s time, 

” + «| Nike Apteros , + «| Tonic. «| Tetrastyle, amphiprostyle. Recently rebuilt. 

ae +} Jupiter Olympius . Corinthian . | Decastyle, peripteral, columns 60 feet high, 96 x 259 feet, Enclosed by a peribolus. A Roman 
work originally begun in the time of Pisistratus, continued by Antiochus Epiphanes, and | 
completed by Hadrian. 5 

| Eleusis . Demeter +| Doric. .| A square building of about 180 feet on each side, with a dodecastyle colonnade forming the y j 

front, This temple begun by Ictinus; colonnade added by Philo, archi! about 315 B.o, 4 

no S| Prepon 5. Doric . «| Hexastyle on both fronts, with inner Ionic order as at Athens, 50 x 66 A second and | 
smaller propyleon within the peribolos, distyle in antis, See ‘ Unedited Antiquities of Attica,’ 
None of these buildings now remain. 

Thoricus . .|. 6 ‘ +} Dorie, 4 Meeting; bal aiprand ts Sat aah atae andie Wie & eens aoe 
remaining ; supposed to have a double temple, with a passage thro centre, 
from the sides, dividing the cella into two. 

Rhamnus + | Nemesis . Fs Doric . «| Hexastyle, peripteral, 11 intercolumns on sides, 33 x 70 feet. 

» on Teenie, or lesser Temple | Doric. . | Distyle in antis, : 
° Athene ° +| Doric . .| Hexastyle, peripteral, hypmthral, 41x90 feet, [Aorneran Mannies.) , 

Olympia -| Zeus Olympius . + | Doric. + | Hexastyle, peripteral, hypmthral, 95 x 230 feet, Completed about 435 nc. Libon, architect, 

Pe -| Apollo Epicuriuns . .| Doric . ,| Hexastyle, se ea hypethral, 47125 feet, Date about 430 n,c. Ictinus, architect. In 
interior, Jonic columns. 

Tegea «| Athene Alea + +) Tonic, .| Peripteral, hypwthral, Doric internally ; with upper Corintbian order, Scopas, architect. 

Nemea +} ® Doric . «| Hexastyle, peripteral. 

Maeya-Graecia and Srotty. 
} 
Pwestum + Poseidon Doric . + Hexastyle, peripteral, hypwthral, 79 x 195 feet. 
: + | Demeter . . + +| Doric . . Hexastyle, peripteral, 47 x 107 feet. 

Agrigentum .| Zeus Olympius . +} Dorie. + Apteral, or with engaged columns, eptastyle, 182 x 369 feet, Wilkins, in his restoration of it, 

makes this temple hexastyle amphiprostyle, 
+ +| Hera . . . «| Dorie . . Hexastyle, peripteral, 57 x 124 fect. ~ 
ee +| Concord +» «4 «| Dorie. . Hexnstyle, peripteral, 31x93 feet. Deep pronaos and opisthodomus. 

Segeste , . ” . . + +| Dorie . . Hexastyle, peripteral, 76190 feet, All the external columns (unfluted) standing, but no 
remains of cella, . 

Selinus . «| Great Temple . .| Dorie.  . Octastyle, dipteral, 160 x 330 fect, There are remains of five other temples, two of which appear 
to have been hexastyle peripteral, 

Syracuse ‘| Athenee . . . «| Dorie , . Hexastyle, 13 intercolumns on sides: now converted into a church with a modern Italian 

' Corinthian facade, 
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Ephesus . .| Artemis . . +| Tonic . le, dipteral, hypzthral, ; columns 60 feet high; one of the largest Grecian temples, being 
220% 425 feet. Ctesiphon and Metagenes, architects. Date about 340 B.c. 
Miletus , «| Apollo Didymeus . .j| Ionic . . Dagosty Se pid hypethral, 164x308 feet. Col 9} diamet Peonius, architect. 
b> ars + +| Artemis ‘ ‘5 +| Tonic . . | Octastyle, pseudo-dipteral, 106 x 198 feet. Hermogenes, architect. - 
fiene . « |*Athene Polias , - «| Tonic . .| Hexastyle, peripteral, 64116 feet. Pytheas, architect, about 3408.c. The order the best 
lhe z example of Asiatic Ionic. This temple had a peribolos and propyleon; the latter tetrastyle, 
with two rows of square pillars within. Y 
Teos . « «| Dionysos . . «| Tonie . . | Hexastyle, peripteral. Hi architect ; about the time of Alexander the Great, 
Samos . «| Hera. « &» «& 4| Tonic. Decastyle, dipteral, 189 x 346 feet. 
Roman. 
Rome . Concord . . «| Ionic. + | Hexastyle. Appears to have been a diprostyle, but nothing of the cella remains. 
sé é Fortuna Virilis » «| Tonie . «| Tetrastyle, diprostyle, cella pseudo-peripteral, about 24 x 44 feet. 
» ¥ «| Jupiter and Juno . + | Corinthian .| Two separate temples, alongside each other, in centre of a col ded peribol Similar in 
dimensions, but the one octastyle, peripteral; the other octastyle, diprostyle. Erected by | 
Metellus Macedonicus, about 140 8.c, No remains; but the authority is the ancient plan of | 
Rome in the capitol. | 
» + «+ «| Jupiter Stator. . .) Corinthian’. | Supposed to have been octastyle, peripteral, The celebrated ‘ Three Columns,’ in the Forum, are 
as all that now remain of this very fine example. 
” ‘ +| Jupiter Tonans . + | Corinthian .| Octastyle, dipteral, 92x 115 feet, Columns 47 feet high, 
w+ + «| MarsUltor . . ,| Corinthian .} Of this temple, sometimes called that of Nerva, only three columis remain; but it is said to | 
ie ted can | 
& r . | Venus and Roma . . Corinthian .| Decastyle, pseudo-perip , enclosed within a peribolos formed by double colonnades of a lesser, 
» + « «| Antoninus and Faustina | Corinthian . | Hexastyle, triprostyle, 33 x 55 fect. | 
”s + «| Pantheon +  « «| Corinthian .}| An octastyle, triprostyle, a{tached to a rotunda. } 
Pr a « Py - Corinthian .| A circular peripteral of 20 columns. 
Tivoli . «| Vesta, or the Sibyl . .| Corinthian .} A circular peripteral of 18 columns around cella, The order a very peculiar and fine example. 
Preeneste . . . ° ‘ No remains of this celebrated temple itself, but merely of the series of terraces and flights of 
steps on which it was elevated. 
Pompeii Jupiter . : + +| Corinthian .} Tlexastyle, tetraprostyle, about 50 x 110 feet.’ 
Nismes Mast dae tas Leon Corinthian . | Hexastyle, triprostyle ; order continued along the cella, making it a pseudo-peripteral, 38 x 77 feet. 
Baalbeec . Great Temple .| Corinthian .| Decastyle, peripteral, 160 x 290 feet. 
P ‘ Lesser Temple . + «| Corinthian .| Octastyle, peripteral, 118 x 225 feet. 
Helios, or the Sun «| Corinthian .| Octastyle, peripteral, 95 x 180 fect. Enclosed within a peribolus about 740 feet square, formed 
by an outer wall and two ranges of Corinthian columns, a double col d 
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Ephesus . . . + 220 feet 425 feet 
Agrigentum, Great Temple . . . 182 4, 369 ,, 
Selinus, Great Temple . . . « 160 ,, 330 4, 
prreeiyg bee . ‘ ‘ ‘ +e ” Pn ” 
7 3 28 ,, 
Temple of Jupiter. ©, §. °. | 9, 259 5, 
By way of affording a standard of , we add the dimen- 
sions of St. Paul's, London, and La at Paris, namely: the 


former, 130 by 500; the other 138 by 328 feet. 
_ TEMPLE, SOLOMON’S. For 447 years after the Hebrews had 


| 
: 
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tion of the immense treasure which his victories produced. He 
may be said to have provided all, or all, the materials before 
his death ; consisting of large but vario' estimated quantities of 


gold and silver, brass and iron, stone and timber. He also secured the 

of skilful mechanics and artificers for every branch of the 
work, and furnished the design, plan, and site of the building ; so that 
more of the credit of this work seems due to David than to Solomon 
} xxii.; xxviii. 11-19). 

of the Temple was laid in B.c. 1012, being the fourth 

’s reign; and in seven years a half it was com- 
this time 183,600 persons were employed on the 
there were 30,000 serving by rotation of 10,000 
and of Canaanites there were 153,600, of whom 70,000 were 
80,000 hewers of wood and stone, and 3600 overseers of the 
To save eager gr cpa A “ranger he vag ieee 
use at a distance from the site of the building, and when they were 
brought together, the structure was reared without the sound of 
hammers, axes, or tools of iron (1 Kings, vi. 7). 

The site of Solomon’s Temple was the summit of Mount Moriah, 
one of the are gg om ag eres ro -_ eminence ~~ _ 
to no great height withi city, but was high and steep above 

of Ret teien, which it Gulecked It faced the Mount of 
Olives. The |Mosque of Omar now occupies the same site; and the 
imposing figure which it makes in every view of Jerusalem shows that 
amore advantageous situation could not have been chosen. The top 
of the hill was levelled, and the sides banked up to afford a sufficient 
area. This area was divided into two (but in 
courts, in the outermost of which stood the people. It was separa’ 
by a low wall (or, as some think, by a latticed fence or trellis) from 
the inner court, called the Court of the Priests; in which was the 
great altar of burnt offerings, and where the priests and Levites 
officiated in view of the people, and in front of the holy house, or 
proper temple. The proper temple, as previously indicated, was an 
oblong building. It was 70 cubits in length, 20 in width, and 30 in 
height : this last was however only the elevation of the house or holy 
place, for the innermost sanctuary was but 20 cubits high (1 Kings, vi. 
20); and eee ne pee (pronaos) is said, in 1 Chron., iii. 4, to 
have been 120 cubits high, or four times the height of the main 
building, the numbers in that text are now generally admitted to be 
corrupted ; 20 cubits, which we find in the ancient versions, is 
the true number; being the same height as the sanctuary. 
The porch covered the breadth of the building 20 cubits, and was 10 
cubits deep: the holy place was 40 cubits long by 20 wide; the 
was a perfect square of 20 cubits. The building fronted the 
east. the north and south sides, and the west end of the 
stracture, was an upper story, or gallery of wood, and certain buildings 
called “ side chambers,” in three stories, each five cubits high. This 
made 15 cubits of total elevation, which was not more than half the 
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height of the main building, in whose walls, above, there was there- 
fore room for the splayed windows which gave light to the temple. 

The sacred utensils were of the same description and occupied the 
same relative — asin the tabernacle: but some of them were 


larger,as the altar, candlestick, &c., in proportion to the more extensive 
establishment to which they belonged. The principal of the new 
utensils was the great brazen laver for ablutions, which rested on the 


backs of twelve oxen of the same metal, 

The inner sanctuary was separated from the holy place by a rich 
curtain or veil. The whole of the interior was wainscoted with cedar, 
carved with figures of cherubim, palm-trees, and flowers, and then 
overlaid with the finest gold. The doors were also covered with gold : 
all the utensils in the house were of that metal; and even the floor 
appears to have been overlaid with gold (1 Kings, vi. 30). It is this 
lavish e i of precious metal upon the building, and the 
elaborate workmanship bestowed upon it, which, rather than its 
architectural effect, accounts for the reports of its surpassing magnifi- 
cence, and for the immense wealth consumed in its erection. The 
popular impression concerning it, however, being based rather 
upon the exaggerated statements of Josephus than upon the more 
sober accounts in Scripture, does, no doubt, greatly exceed the truth. 
More might be said of its richness than of its grandeur. Its wealth is 
indeed attested by the spoliations of successive kings and conquerors ; 
and it may be well to remember that this was not, as in other nations, 
one of many temples, but was the sole temple of the whole nation, and 
in the production of which the whole nation could therefore concen- 
trate its resources. 

The Temple of Solomon retained its pristine splendour only for 


forty years, when its treasures were plundered by Shishak, king of | them 


Egypt. After undergoing various other profanations and pillages, it 
was finally destroyed by the Chaldeans under Nebuchadnezzar, B.c, 
588, after having stood 417 years. After the Captivity, the temple 
was rebuilt, on the same plan, and on a more extensive scale, but with 

y diminished splendour. This temple stood until some years 
before the birth of Christ, when Herod the Great, to propitiate his 
subjects, whom most of the measures of his reign had tended to 
exasperate, undertook to rebuild it on a scale and with greater 
magnificence. In nine years, during which 80,000 workmen were 
constantly employed, he accomplished his original design; and pro- 
duced a fabric, which, while the same in its essential characteristics, 
much supassed the Temple of Solomon in extent and architecture, 
although the precious metal may have been less lavishly displayed in 
the interior rations. Many years after, the Jews kept workmen 
employed in embellishing the pile, and in the erection of additional 
buildings (John, ii. 20). In a.p, 64, nothing remained to be done ; but 
six years later (a.p. 70) the temple and city were involved in one 
common ruin. 

TENACITY (from the Latin tenacitas, “the power of holding”), a 
property of material bodies by which their parts resist an effort to force 
them asunder, 

This property is the result of the corpuscular forces acting within 
the insensible spaces supposed to exist between the particles of bodies ; 
it is consequently different in different materials, and in the same 
material it varies with the state of the body with respect to tempera- 
ture and other circumstances. 

Those corpuscular forces consist of attractions which vary according 
to unknown laws with the distances of the particles from one another, 
and even at certain distances they become repulsions [ArrRracTion] ; 
but in all bodies except the elastic fluids, the combined actions of all 
the particles produce that coherence which constitutes the tenacity of 
the masses. In those fluids the particles have no coherence, and when 
the pressures to which they are subject are removed, those particles 
immediately separate from each other with forces tr probably, 
u the quantity of caloric with which they are combi In non- 
e fluids and in solids, tenacity exists, but in very different degrees ; 
its force depending upon differences in the intensity of the attracting 
powers between the particles, upon differences in the distances of the 
particles themselves, upon the action of the caloric, and, in some cases, 
upon variations in the pressure of the atmosphere. 

The molecules of liquids adhere to one another, and generally to 
those of solid bodies, by attractive forces which decrease very rapidly ; 
and, at insensible distances from the supposed places of contact, the 

adhesion entirely disappears [Carituary Arrraction]: the real 
tenacity of the molecules being, as Dr. Young observes, equal to the 
excess of their mutual attractions above the forces of repulsion arising 
from the actions of the calorific icles. It is on account of the 
small distance to which the attractions of the fluid molecules extend, 
and to the freedom with which the particles move on one another, that 
fluids appear to have so little tenacity ; but from the weight of water- 
support in glass tubes, Dr, Robison has estimated that the mutual 
attractions of the particles of water on a surface equal to one square 
inch must far exceed 190 pounds. 

Grains of dust or sand, while dry, have no power of adhering toge- 
ther, probably because their forms do not permit a sufficient number 
of points on their surfaces to be brought within the distance at which 
corpuscular attractions take place ; bat, if slightly wetted, the mutual 
attractions between the dust and the liquid produce a certain degree of 
tenacity. This is very sensible in clay moistened with water ; for, 


coincide with a horizontal plane 


pe’ : 
viscid fluids, as oil, gum dissolved in water, &c. Sealing-wax and glass 
also, when heated, lose their brittleness, and acquire plasticity, whereby 
they become capable of being moulded into any form, while their par- 
ticles retain a considerable degree of adhesive power. 

The tenacity of solids constitutes, in part, the subject of the power 
of bodies to resist strains; and under Mareriats, Srrenoru or, will 
be found a table of the weights which would overcome the force of 
cohesion in rods immoveably fixed at one end and pulled in the direc- 
tion of their length. Those weights may be considered as the measures 
of tenacity in the different kinds of material; and it may be added 
that, from a mean of several experiments made by Telford on the 
tenacity of forged iron, the breaking strength, when reduced to that 
which it would be if the area of a transverse section of the bars had 
been one square inch, is 29} tons, The bars were cylinders or - 
lelopipeds varying in length from 1 foot 5 inches to 2 feet 3 in 
and in area of section from 0°56 to 3°14 square inches; they 
in length from two inches to four inches before they broke, Telford 
found, also, that a bar of cast-steel bore, suspended from it, 27°92 tons, 
a bar of blistered steel 17°27 tons, and of cast-iron (Welsh pig) 7°26 
tons ; the area of the section in all being one square inch. T 
in solid bodies varies greatly with their temperature. Coulomb took a 
piece of copper-wire, which, when cool, carried 22 Ibs. from 
it - and, upon bringing it to a white heat, it would scarcely bear 
i2Ibs. 


The tenacity of wood is much greater in the direction of the length 
of its fibres than in the transverse direction, the fibres being united by 
a substance having little cohesive power. Few experiments have been 
made on the tenacity of wood perpendicularly to its grain, as it is 
called ; and from those of Mr, Emerson it appears to vary from one- 
tenth to one-seventh of the tenacity in the other direction. When a 


irregular 

With respect to metals, the processes of forging and wire-drawing 
increase their tenacity in the longitudinal direction ; the augmentation 
of friction and lateral 


tenacity than those which are 
simple ; the tenacity varies with the different proportions in which the 
metals are mixed; and the proportions which produce the greatest 
are different in different metals, The only experiments on 
this subject with which we are acquainted are those of Muschenbroek ; 
and from these we find that a compound of which § were gold and 
copper, had a tenacity, or force of cohesion, more than double that of 
the gold or copper alone: brass, composed of copper and zinc, had a 
tenacity more than double that of the copper, and nearly twenty times 
as as that of the zinc: a metal of which } were block-tin and 
} lead, had a strength more than double that of the tin ; and a mixture 
of which § were lead and } zinc, had a tenacity nearly double that of 
the zinc, and nearly five times as great as that of the lead alone. 
TENAILLE, in Fortification, is a rampart raised in the main ditch, 
immediately in front of the curtain between two bastions; and in its 
most simple form, it consists of two faces coinciding in direction with 
the faces of the bastions, and, consequently, forming with each other 
a re-entering angle. Generally, however, it consists of three faces, of 
which two have the directions just mentioned, and the third forms a 


curtain which is 1 to that of the enceinte. See P, jig.1, Bastion, 
and Pp (in the plan), Fortrrication. . 
This work was originally proposed by Vauban, in order to serve the 


purpose, in part, of a fausse-braye [Fausse-prayve], since the fires of 
musketry on its faces may be employed, in conjunction with those of 
artillery and musketry on the flanks of the bastions, to oppose the pas- 
sage of the enemy across the main ditch when about to mount a breach 
in the ramparts of the place. 

The relief of the tenaille, or the elevation of its crest above the 
bottom of the ditch, is determined consistently with the intention of 
thus defending the main ditch ; and in order that the defenders of the 
tenaille may not be injured by the shot fired over their heads, from 
the flanks of the bastions, it is usual to make the crest of that work 
ing three or four feet below the 
point where a line of fire from one of those flanks would cut a vertical 
plane, bisecting the angle of the tenaille or its curtain, The height 
thus determined will allow the parapet of the work to be elevated 
from two to four feet above the terreplein of the ravelin in its front; 


§ 


TENAILLON. 


TENANT AND LANDLORD. 138 


and, uently, from the curtain of the tenaille a grazing fire of 
musketry might be employed to protect the interior of the ravelin, or 
of its reduit, if there is one, should the defenders of either of those 
works abandon it (in consequence of an assault being made) before the 
has time to cover himself in it by a lodgment: that fire will 
also contribute powerfully to prevent the enemy from attempting to 
enter the ravelin by its gorge. 
, at first, gave to his tenailles short flanks nearly parallel to 
e bastions, but he soon abandoned that construction, per- 
ing that though the defenders might thus fire correctly along the 
in ditch, yet the parapets of those flanks were liable to be destroyed 
the fire from the enemy’s counter-batteries [, jig. 1, Bastion], and 
enfiladed from the rampart of the ravelin (Q), or from the 
f the places of arms (L). 
affording additi fires for the defence of the main ditch, 
tenaille serves to cover, in part, the revetment of the curtain in its 
prevent it from being breached by fire from any lodgments 
enemy on the glacis. Its parapet serves also to mask the 
i curtain of the enceinte, which would otherwise be so 
exposed to the fires from the counter-batteries, that the de- 
ight be unable to communicate through it with the outworks. 
account the breadth of the ditch between the curtain of the 
and that of the enceinte is made such only as to allow the 
the former, with the relief determined as above-mentioned, 
the postern from the view of the enemy on the glacis. This 
is advantageous in mene, the defenders of the tenaille from 
injured by the splinters which may be detached from the flanks 
curtain behind it; and, when dry, it serves to cover bodies of 
which may issue from thence and attack the enemy while 
crossing the main ditch, previously to making an assault. If the main 
ins water, the tenaille serves to cover the boats and rafts by 
which the defenders of the enceinte communicate with the outworks. 
tenaille has been considerably improved by Bousmard, who, 
respect, to the original idea of Vauban, has given 
the work in the main ditch may be directly de- 
bev eega yes are raised high enough to cover the 
flanks o 
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formed with sone ap ragaiann rpm for musketry, as usual, 
each flank of ‘the tenail le is provided sie coetedent no ie for 
four of artillery which are placed nearly on a level with the 

in of the covered-way. These guns are consequently capable 
of directed against the counter-batteries (H) of the enemy, as 


i against 

well as of defending the foot of a breach in the face of the bastion. 
This construction was adopted by Chasseloup de Laubat in the 
tenailles of the detached works which he executed about Alessandria, 
in ag ad when Napoleon (after the battle. of ) proposed to 
make that city the base of his operations beyond the Alps. But, in 
order to avoid the mischief which results from a fire directed against 
casemates (the shot in striking the cheeks or sides of the embrazures 
detaching them spli 


: 


i in such directions that, in defending 
the ditch, the shot the casemates could be fired through the 
apertures, while the mass served as a mask which would prevent the 
enemy from seeing the embrazures in the flanks of the tenaille. - 

Any work belonging either to permanent or field fortification, which, 
on the plan, consists of a succession of lines forming salient and re- 

les alternately, is said to be @ tenaille, 

TENAILLON, or Great Tenaille, in Fortification, is a species of 
exterior work which has been occasionally constructed before the faces 
of a small ravelin, with a view of — the strength of the latter, 
procuring additional space beyond the ditch, or covering the shoulders 
of the bastions. were invented by Vauban, who, however, very 
seldom constructed them; and subsequent engineers have generally 
considered them as inferior in defensive qualities to a counterguard 
[@ @, Forttrication, fig., cols. 171-172,) placed over the faces and 
salient angle of the ravelin. 


The objections to tenaillons are, that the besieger would experience 
little difficulty in establishing a lodgment on that part of the covered- 
way or glacis which is immediately in front of the salient angle of the 

Z in this situation he would be able to breach the faces of 
the two half-bastions in four places, by fires of artillery directed along 
the ditches of the ravelin those on the side faces of the tenaillon. 
The salient angles of the tenaillon, and of the ravelin which it covers, 


may be breached at the same time, and, when the ditches are dry, it 
would be possible to attack and carry the ravelin at the time of making 
the assaults on the tenaillon: then, the enemy having got possession 
of the former work, any retrenchments which may have been made in 
the tenaillon must necessarily be abandoned by the defenders. 

The re-entering space between the two faces which are in the pro- 
longation of the faces of the ravelin, and which constitute the head of 
the tenaillon, is sometimes occupied by a small redout, consisting of 
two ramparts perpendicular to the faces which have been just men- 
tioned ; and thus there may be obtained a good crossing fire for the 
defence of that part of the covered-way which is concealed by the 
salient angles of the tenaillons from the defenders of the bastions. 

Demi-tenaillons are works placed also on the sides of a ravelin, and 
) ing of two ramparts which are perpendicular to and nearly 
opposite the middle of the faces of the bastions and ravelins: these are 
usually accompanied by counterguards which cover the salient angles 
of the latter works, and are called Bonnets. 

TENANCY. [TeEnant. 

TENANCY IN COPARCENARY. [Esrare.] 

TENANT. Tenants, in the more extended legal sense of the word, 
are of various kinds, distinguished from each other by the nature of 
their estates; such as tenants in fee simple, in fee tail, for life, for 

ears, at will, and at sufferance. [Estare; TenurRE.] 

TENANT AND LANDLORD. The word tenant, in the more 
limited legal sense, which is also the popular sense, is one who holds 
land under another, to whom he is bound to pay rent, and who is called 
his landlord. The word Land means not only land itself, but also all 
things, such as buildings, houses, woods, and water, which may be 
upon it. Any one who has an estate in land, provided he is also in 
possession, may let the land to another. Where the letting takes 
place by an express contract between the parties, the contract is called 
a Lease, the nature of which is explained generally under Lzase. 

But the relation of landlord and tenant may be created otherwise 
than by a formal lease. If one man with the consent of another occu- 

ies his land,a contract of letting is assumed to have been made 
betwee them, and the occupier becomes tenant at will to the owner. 
Such tenants are, after payments of rent as in annual tenancies, con- 
sidered to be upon the same footing as if the lands had been let to 
them for a year dating from the commencement of their occupation. 
And at the end of the first year, a second year’s tenancy begins, unless 
six months’ notice of the intention to determine the contract has been 
given by either party to the other, and so on from year to year. The 
same rule of law applies to cases where a tenant continues to occup 
land after the expiration of a lease made by deed; but in this case Ait 
the covenants of the expired lease as to payment of rent, repairs, 
insurance, and the like, are in force unless the lease is cancelled by 
destroying the seal; and even if there should be a verbal agreement 
for a different rent, still the old covenants subsist, unless the lease is 
cancelled. [Dexp.] 

Inevery case where the relation of landlord and tenant exists, either 
by express or by implied contract, certain terms are implied by law 
to have been agreed upon by the parties as forming part of the con- 
tract. It is of course in the power of the parties, where the contract 
is express, to qualify these terms so implied by the language of the 
contract itself, But it may be “observed that as these terms are 
comprehensive in their nature, and distinctly understood in law, the 
interests of parties are often better consulted by leaving them to the 
general protection afforded by these implied terms than by attempts to 
define by enumeration in detail the respective rights and duties of the 
landlord and tenant. The terms implied on the part of the landlord 
are, that the tenant shall quietly enjoy the premises without let or 
hindrance from the landlord; on the part of the tenant, that he will 
pay rent, keep the premises in repair to a certain extent, and use the 
land, &c. in a fair and husbandlike manner. 

When the landlord is himself tenant of the premises to a superior 
landlord, and neglects to pay his rent, and the occupying tenant is 
called upon to pay it to the superior landlord, he may do so, and set it 
off against the rent due from him to his own landlord. If a tenant 
has covenanted without exception or reservation to pay rent during 
the term for which the lease has been granted to him, he will be bound 
to pay it even if the premises should be destroyed by fire or other 
casualty. If he should have assigned his lease to another and ceased 
to be in possession, he will still remain liable under his covenant to 
i Bhp ‘ 

he rules of law as to the repairs of premises may be determined by 
the terms of the lease. If they are not determined by the terms of 
the lease, they are somewhat uncertain and depend on a variety of 
circumstances, which are laid down in law treatises. 

No tenant, in the absence of an agreement to that effect, is bound to 
rebuild after accidental destruction of the premises by fire. But under 
a general covenant to repair, and leave repaired, the tenant is bound to 
rebuild even in the case of destruction by fire. 

In agricultural tenancies the lease generally determines the mode in 
which the farm is to be treated. [Lxase.] Unless also the lease 
expressly or impliedly excludes the operation of the custom of the 
country, the tenant is bound to conform to it. The custom of the 
country means the general practice employed in neighbouring farms of 
asimilar description, with reference to rotation of crops, keeping up 
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feces, and other like matters, In leases of farms it is 
practice to protect the landlord against certain acta of the tenant, su 


logy used, either to assign a ty or to determine the liquidated 
agreed to be paid for the act done. It is often a matter of 
greet tn ce and of some to determine under which class 

e provisions fall, If under the first, the landlord is not entitled to 
the whole penalty upon the act one, but he can only recover in 
an action the amount of the damage which has accrued. If 
under the second, he is entitled to the whole amount of the 
agreed on, A covenant by a tenant not to plough up meadow under a 
penalty of 5/. for every acre ploughed, is an ce of the first class : 
a covenant to pay 5/. rent for every acre of meadow ploughed up, is of 
the second class. The right to timber and timber-like trees belongs to 
the landlord i loppings of pollards and bushes, to the tenant. Different 
definitions pi in different counties of timber and timber-like trees, 
and various customs prevail as to what amount of wood the tenant 
may be allowed to employ (after the landlord has been called on to 
select it) for the purposes of the farm. No tenant, unless he one: 
the land as a nurseryman or gardener, can remove any kind of shrub 
from the soil. Neither can a tenant remove fixtures, though put down 
by himself, A fixture is a chattel which is let into the soil, or united 
to some other which is let in. There are some exceptions to this rule 
in favour of fixtures used for the purpose of trade or agriculture, or 
merely ornamental purposes, where the removal will cause little or no 
damage. (Amos and Ferard, ‘ On Fixtures,’) 

The tenant in occupation of the premises is, in the first instance, 
liable for all taxes and rates of every description due in respect of the 
premises. The party, therefore, who is authorised to collect them 
may proceed against the tenant in occupation to recoyer them. It is 
generally a matter of agreement between the landlord and tenant that 
the tenant shall pay all rates and taxes except the land tax ; and some- 
times it is that the landlord shall pay the sewer rate also. If, 
however, the landlord has undertaken to pay the tenant the rates and 
taxes, and fails to do so, the tenant may deduct the amount from his 
rent, or bring an action to recover it; but this should be done during 
the current year, and if the tenant allows a considerable time to elapse 
without claiming a deduction or bringing an action, he will be held to 
have waived his claim to recover them from the landlord. 

Where a fixed rent has been upon, has become due, and is 
paid nor tendered, the landlord, with certain exceptions, can 
growing crops, any kind of stock, goods, or chattels, upon the 
premises, or pasturing common enjoyed in right of the premises, 
whether such things are the actual property of the tenant or not ; and 
if the rent remains unpaid, he may sell them. It follows from this 
general rule that a landlord can Sietrain on goods of a lodger 
who occupies under his tenant, [Distress ; Rent.) 

A tenant ceases to be so if he incurs a forfeiture, which may arise 
either by a breach by the tenant of one of those conditions which are 
implied b or attached to the relation of landlord and tenant, as where 
a tenant Risclaims or impu the title of his landlord by acknow- 
ledging, for instance, the right of property to be vested in a stranger, 
or asserts a claim to it himself, or by a breach of a condition which is 
expressly introduced into the lease, the breach of which is to be 
attended with a forfeiture of the tenancy, as a condition to pay rent 
on a particular day, to cultivate in a pe Hh manner, &, To thi 
head may be referred proviaoces in a lease for re-entry by the landlord 
on the doing or failure in doing of certain acta by the tenant, such as 
the commission of waste, the failure to repair, &c. The courts are 
gaid to be unfavourable to forfeitures; therefore, when the landlord 
has notice of an act of forfeiture, or an act which entitles him to re- 
enter, he must immediately proceed in such a Wy as to show that he 
intends to avail himeelf of his strict legal right. If after the commis- 
sion of the act he does anything which amounts to a recognition of the 
tenancy, as by the acceptance of rent subsequently due, he will have 
waived his right to insist upon the forfeiture. 

A yearly tenancy, where no period of notice ig agreed on, must be 
determined by a notice to quit at the expiration of the current year, 

ven six months previously. In the case of lodgings, the time, when 

than a year, for which they are taken, will be the time for which a 
notice is n Thus lodgings taken by the month or week 

uire a month's or week's notice. 

he notice to quit need not be in writing, though, from the greater 
facility of proving it, a written notice is always better. It should 
distinctly describe the premises, be positive in its announcement of an 
intention to quit or require possession, be signed by the party giving 
it, and served personally upon the party to be affected by it, 

If a tenant, after having given notice to quit, continues to occupy, 
he is liable ny coat fbi ye one ws me, freak notice is 
necessary. ¢ continues to occupy after the ord has given him 
notice, he is liable to pay double yalue for he premises, " 

At the expiration of the lease, the tenant ia bound to deliver up 

ion of the premises; but if either by special agreement or b 
the custom of the country the tenant is entitled to the co i 
standing on the land, and which are called away-going crops, he may 
enter for the purpose of gathering them, and use the barna and 
stables for the purpose of threshing them. Tho in-coming tenant may 


eiyeer 


ae ents daring the tenancy of the preceding tenant to plough and 


the 
Tf the tenant refuses to deliver the possession of the land, the land- 
lord may bring an action of ejectment, Jar Lee, 
TENANT AT WILL, FROM YEAR TO YEAR. 
at will,” says Littleton, «. 68, “ is where lands or tenements 
one man to another to have and to hold to him 
Vesna, ly Scece of which Jenee She leases 18.58 Sonnent n 
the lessee is called tenant at will because he no certain or sure 
estate ; for the lessor may put him out 
An estate at will may arise by 
words. Thus, where a 


: 
l 
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person who has the legal title. 
Where a mortgagor cantons £2 paeeenl his land with the con- 

sent of the m after default in payment of principal and in- 

terest at the time stipulated in the m deed, he is tenant at 

So also, where the legal estate is v in a trustee, the 

owner, or cestuique trust, if he be in possession, is considered at law as 

tenant at will under the trustee, 


If either party die, the tenancy, if it be of a house 
rae reatolagt andl i of Eoek ciael the sowanen gootex ave ooceleadt 


a tenancy from year to year regulated by the terms of the agreement. 
A : from hel year, when once constituted, is binding not, 

only upon the reyersioner, but his assignee, and does not cease upon 

the death of the tenant, but goes to his executors or i 

The tenant is entitled to six months’ notice to quit, ending at the 

expiration of the year, and thus a new year is continually added to the 

term as often as the half year’s previous notice is omitted to be gi 


at the proper time. 
this TENANT FOR LIFE. Tenancy for life of lands or tenements is. 


the possession of a freehold estate or interest, the duration of which is 
confined to the life or lives of the teank oy some chen paves or persons, 

The estate of the tenant for life is either (1) such as is created by 
dens or some other legal assurance, or (2) such as arises by operation 

Ww. 
(1) An estate for life may be created by lease with livery of seisin, 
or by any other conveyance at common law which might be St ; 
in conveying the fee, or by a declaration of a use, or by will, 
estate so limited may be either to a n for his own life, or it may 
be given to one for the life of another, or for any number of lives 
mentioned in the grant, In the last case, the estate is in effect one 
for the life of the survivor of the persons so named. On the o 
hand, an estate may be granted for the joint lives of A and B, in wi 
case it is in fact an estate for the life of the person who dies first, 

When lands or tenements are coavanes by deed, without any express 
limitation of the quantity of estate to be taken by the grantee, he takes 
an estate for life only. This however is the case only when the grantor 
might lawfully create such an estate; for if he be tenant-in-tail, the 
conveyance, unless it be a lease within the rer of the statute 
$2 Hen, VIIL., ¢. 28, will pass only an estate for the life of the grantor, 
Before the 1 Vict., c. 26, a devise without words of limitation conferred 
on the devisee a life estate only; but now by sec, 28 of that act, a 
devise, though without any words of limitation, poe the fee simple, 
or the whole of such other estate as the testator power to dispose 
of, unless a con intimation appear by the will. 

Formerly, when lands were given to A for the life of B without any 
words of limitation, if A, or the person to whom he had assigned his 
went ban ned to die in She Peeks of B, the psy rng 
as a kind of Aereditas j: onging to whoever possession ; 
and o person who | 3 pty was called the general occupant. [Ocou- 
PANCY. 


TENANT FOR YEARS. 
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Fs vated their lives is an estate in joint tenancy, 
the survivor, if the parties continue joint tenants ; 
j be severed, each has then ah estate in the moiety 


eration of law are, the estate 
the estate by courtesy and 
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ithout leaving any issue of their two bodies 
, A, from tenant-in-tail special, becomes tenant-in-tail after 
i of issue extinct; which is in effect nothing more than a 
tenancy for life, with certain peculiar privileges i the nent of 
i e t 


Sunrenver. 

The name tenant for life is also applied to the person to whom, in 
fa el ed lr al hc ph add an interest for life 
only in the fund which is the subject of the settlement or will. [Srt- 
TLEMENT ; WILL. 

TENANT FOR YEARS. [Estate; Lease; TENANT and Lanp- 


LORD. 

. TENANT AT SUFFERANCE, says Lord Coke, “is he that at 

first came in by lawful demise, and after his estate endeth continueth 

wrongfully holdeth over.” Thus a tenant pur autre 
after the death of i 


! 


amount with the of years W has since 
= Seiad ths vhsracter ss ti) periuanelad Wf ietentoremenh, 

following table may be takeri as describing a not uncommon set 
allowances :— 

Description of f pensation 
Improvement, | Cmaions Annexod. Me hiewel See 


1, Fine ground bone On drained or naturally Two-thirds of the cost of what 

dry tillage land has been used in the last 
year of tenancy, and one- 
third of that used in the 
year preceding, 


Rate of Compensation to be 


Conditions Annexed, Allowed on Quitting. 


On dry or well-drained|Seven-eighths of the cost of 
pasture or meadow| that used in the last year of 
land, the same not be-|  ¢ y, and diminishi 

ing afterwards mown| One-eighth every previous 
year subsequent to the 


application. 
3. Dissolved bones or/On dry or well-drained|/One-fourth of the cost of that 


guano : +} land . . | Used in the last year of te- 
nancy for turnips and rape. 
4,Lime . . ./On dry or well-drained|Three-fourths of the cost of 
land . . « «| that used in the last year of 
tenancy, and one-fourth of 
that used in the preceding 
year. bd 
5. Linseed-eake  .|Consumed on the farm .|Three-fourths of the cost of 
that uséd in the last year of 
tenancy. The manure being 
carefully preserved in the 
foldyard. 
6. Draining —lahd-|Provided the drains are|Four-fifths of the expense of 
lord finding tiles} not less than 3 feet} cutting, laying, and filling 
deep at regular dis-| in the drains made during 
tances, and cut under} the last year of tenancy, 
the superintendenceof; and diminishing one-fifth 
the landlord or his} for every crop grown on the 
agents, and are in| land since it was drained. 
perfect order at the ; 


7. Draining—tenant!Same proviso as above .|Six-sevenths of the cost of 
those made in the last year of 
the tenancy, and decreasing 
one-seventh for every crop 
grown since it was drained, 
the same are|Nine-tenths of the cost of those 
erected in the last year of 
the tenancy, and decreasing 
one-tenth for each year’s 
occupation after erection, 


8, New buildings or|Provided 
walls — landlord 


.|Nine-tenths of the cost of those 
made or filled up in the last 
year of the tenancy, and 
decreasing one-tenth for 

_ each year’s occupation after 
completion, 

Nineteen-twentieths of the cost 
of those made in the last 

delivering up in a of tenancy, and decreas. 

materials . .| repair . g one-twentieth for each 
hd occupation after erec- 


fences f|Provided they have been|Nine-tenths of the cost of those 
properly protectedand| made in the last year of 
cleaned * . «| tenancy, and decreasing one- 
tenth for each year’s occu- 
pation after completion, 
Provided proper seeds|The invoice cost of seeds sown 
«| have been sown in a| in the last year of tenancy. 


ll. New 


| 


The advantage of such a set of allowances to the owner of the land 
consists in its tendency to produce vigorous and intelligent cultivation; 
its advan to the tenantry and labourers are obvious. 

Tenant Right is the name for a species of customary estates peculiar 
fo: the northern: pari ct Buglend,, in which, bois sacrowe. aapias® 
Scotland were anciently perf: before the political union of the 


countries. Tenant-right estates were holden of the lord of the manor 


by peymeent of certain rents and the render of the services 
above mentioned, are descendible from ancestor to heir according to a 
customary mode differing in sonie from the rule of descent at 


common law, and were not devisable by will either directly or by 

means of a will and surrender to the use of the same, though they are 

now bare So wee by 1 beer Bere v2 8. 3. ee h these a 

appear to have many incidents whi not properly belong to villein- 

age tere or eopyhold nt beng holden atthe wil of the lor, or by 
rou, 


y of court being alienable by deed and admittance thereon, 
ib hos toe that they are not freehold, but that they fall 
under same rules as copyhold estates. (Doe d. Reay v, 
Hunt 4 East, Ey ; y 

TENANT IN FEB-SIMPLE. A tenanoy in feo-simple is the 
greatest estate which a subject can have in land. (Tenure) The 


possession of an estate in fee-simple involves a complete power of dis- 

postion over the bend i and after a grant made in fee-simple the grantor 
with his whole interest. , 

words necessary for transferring an estate in fee-simple may be 


3 TENANT-IN-TAIL. 


TENOR. ia 


reduced to this form: “I give this land to and your heirs.” 
(Litt, 1.) The addition of the word “heirs” is absolutely necessary 
in a deed, and no other expression will serve; for any such words as 
“T give the land to you;” or “to you for ever;” or “to you in fee- 
simple,” would carry to the grantee more than an estate for 
life. But words of limitation, such as “ ," are not now necessary 
to a fee-rimple by devise. (1 Vict., c. 26, s. 28.) 

in fee-simple in the hands of the heir were subject at common 
law to the debts of the ancestor due to the crown and to specialty 
debts. By the 11 Geo, IV. and 1 Wm. IV., c. 47, a complete remedy 
was given for all kinds of _ wag! lebts, both against the heir and 
devisee; and by the 3 & 4 Wm. IV., c. 104, estates in fee-simple are 
made liable in the hands of the heir or devisee for payment of the 
simple contract debts of the ancestor. 

Estates in fee-simple are forfeited to the crown for high treason. 
(Co. Litt., 390 b.) In cases of petty treason and felony the forfeiture 
to the crown is only for a year and a day, called the annus, dies 
et vastum; after which time the estate escheats (in cases of petty 
treason and murder) to the lord. By the 54 Geo. III., c, 145, the 
forfeiture and escheat consequent upon attainder for felony, except in 
cases of high treason, 
life-interest of the offender. It would seem that this statute leaves the 
offender the power of disposing of the estate after his decease. Trust- 
estates in fee-simple may be forfeited to the crown, but are not liable 
to escheat. 

An estate to a man and his heirs may be given upon conditions or 
limitations, which are capable of abridging or defeating it. The estate 
cannot then properly be called a fee-simple ; but is, according to the 
circumstances, a conditional, qualified, or base fee. (Co. Litt., 1 b.) 

TENANT-IN-TAIL. The origin and general nature of estates tail 
have been already described. (Estate; Remarnper; SetrLeMenr.]} 

The estate of the tenant-in-tail has some essential characteristics. 
He has a right to commit waste of all kinds by felling timber, pulling 
down houses, opening mines, and doing other like acts; and this right 
of the tenant-in-tail cannot in any manner be restrained. The tenant- 
in-tail is also entitled to the custody of the title-deeds, which the Court 
of will order to be delivered up to him. He is not bound to 
pay off incumbrances affecting the fee of the estate, as he has only a 
particular interest, and not the entire property in the land; and it 
seems that he is not in general even bound to keep down the interest 
on such incumbrances; though if he do pay off such incumbrances, it 
will in general be presumed to have been done in exoneration of the 
estate 


By the statute De Donis the tenant-in-tail was restrained from alien- 
ating his estate in any manner for a longer period than his own life, 
that is to say, the estate of the alienee, though not ipso facto deter- 
mined by the death of the tenant-in-tail, became thereupon defeasible 

his issue or the remainder-man or reversioner. 

If the tenant-in-tail conveyed his estate by lease and release, cove- 
nant to stand seised, or bargain and sale and grant, the right of entry 
of the issue and remainder-men was not affected by the conveyance, 
But a feoffment or fine made or levied by the tenant-in-tail in posses- 
sion by virtue of the entail, caused what was called a discontinuance of 
the, estate tail, whereby the issue and the persons in remainder and 
reversion lost their rights of entry and were driven to their action. A 


fine duly levied with ions was an absolute bar to the issue, 
though not to the remainder-men, creating what was called a base fee ; 
and by means of a common recovery duly suffered, the tenant-in-tail 


might bar his issue and all the remainders over, and make an absolute 
conveyance of the estate. [Rxcovery.] 

By the 3 & 4 Wm. IV., c. 74, fines and recoveries were abolished ; 
and by the Statute of Limitations (3 & 4 Wm. IV., c. 27) it was enacted 
“ that no discontinuance or warranty should thereafter defeat any right 
of entry or action for the recovery of land. It seems therefore that 
no discontinuance, properly so called, can now be produced by any 
mode of conveyance, for, whatever may be the form of discontin- 
uance, the last-mentioned statute takes away its effect. [Frve; 
Recovery. 

In ee with the principle which prevented a tenant-in-tail 
from alienating his estate for more than his own lifetime, leases b 
tenants-in-tail might be avoided after their death by the issue in 
But by the 32 Hen. VIIL, c. 28, tenants-in-tail were enabled to make 
leases for three lives or twenty-one years, which should bind their 
issue, though not the persons in remainder or the reversioner. 

The estate of the tenant-in-tail is not subject to any of the debts or 
incumbrances of his ancestor, except debts due to the crown, by the 
32 Hen. VIIL, c. 39, 8, 75. 

Estates tail are subject to the bankrupt laws, and to forfeiture for 
high treason by the 26 Hen, VIIL, c, 13. By attainder for high treason, 
the estate of the tenant-in-tail, of his issue, and of all such of his 
collateral heirs as would have been entitled to take under the estate 

are forfeited, but not the estates in remainder or the reversion. 

26 Hen, VIIL. extends only to cases of high treason, and there- 
fore as to felonies the statute De Donis is still in force, and the for- 
feiture by attainder for felony extends only to the life interest of the 
tenant-in-tail. (Co. Litt., 392 b.) 

—_ or TENANCY IN COMMON. [Common, Tenancy 
IN. 


treason, and murder, are limited to the |\not 


TENDER. A tender is the offer to perform 
it generally consists in an offer to pay money on 
et er reger pe te rn oe 

uw 

A tender to the amount of 40s. may be in silver ; 
amount it must be in gold, or in Bank of England 
bearer on demand for any sum above 5l. (3 & 4 W: 
tender be made of a larger amount in silver, 
and no objection be taken at the time to 
tion to the tender on that ground 
Seen ne tee bag ee ae The heed 

own, or the or other thing which contains it to the 
to whom it is intended to be given, i with by 
some declaration or act of the creditor, 
such strictness, that even So 
about to pay him so much, 
duce the money, yet if the creditor leave de 
before the money is actually produced, no tender will have been made : 
but if the itor refuse to receive 
ground that it is insufficient in amount, 


4 


som shall be done on 
tenders ; an offer of a larger sum absolutely without a demand of 
is good. A tender may be made either to the 
entitled to .receive it, or to an agent or servant au’ 
it, or to a managing clerk ; and a tender will not be invalidated even 
though before it is made the creditor has put the matter into 
hands of his attorney and the managing clerk of the creditor refuses 
receive it, and assigns that circumstance as his reason for doing so. 
the attorney write to the debtor the money, a 
afterwards made to him or to his managing clerk is good, unless at the 
time when it is made disclaim authority to receive 
A tender ought to be on behalf of the 
money is due; if the agent appointed by him to 
a larger sum than he is authorised to do, the tender will nevertheless 
be for the full amount to which the tender is made. 

If the defendant in an action plead a tender, he must state that he 
has always been ready to pay the money, and he must also pay it into 
court, effect of the plea is to admit the existence of a cause 
action in the plaintiff. plea goes only in bar of 
plaintiff, therefore, in such case can never be nonsuited : but 
taken on the mere fact whether or not the tender has been 
and that fact is found for the defendant, it is a good defence 
action, 

By various statutes, magistrates, officers of excise, &c., 
Soniecel, atver ithe Oe action to be brought against them, to 
amends; and if the amount tendered is sufficient, the 
defence to the action. 

TENEMENT, in its usual and popular acceptation, is app! 
to houses and other buildings; but in its original, pro 
meaning it includes everything of a permanent nature may be 
object of tenure, or may be held in the legal sense, whether corporeal 
or incorporeal. It is sometimes applied in a more confined sense to 
objects of feudal tenure; in general, however, it includes not bey fe 
but every modification of right concerning it. Thus the 
“ Liberum tenementum,” frank taneanenih, oF Preshol is applicable not 
only to lands and other solid objects, but also to offices, rents, com- 
—_ a the like. [Estars; Tenure] (Harg., ‘Co. Litt’, 154, 
a. n. 7. 

TENNIS, a game in which a ball is driven to and fro by several 
persons striking it alternately, either with the of the hand, naked 
or covered with a thick glove, or with a small bat called a racket, held 
in the hand; the aim being to keep the ball in motion as long as 
a without allowing it to fall to the ground. P the 

istorical notice of the game in is that which 
introduced, almost in the words of Holinshed (who, however, called 
them Paris balls) in his ‘Henry V.’ (act i, sc. 2), where the 
sends a present of tennis-balls in answer to Henry’s demand for the 
sovereignty of France. Henry VII. was a tennis- 3 and, 
entry ina MS. register of his expenditure in the 
his reign mentions an item of twelve-pence for his loss at 
three-pence for the loss of balls, it may be inferred that the 
played abroad, as the loss of balls is not likely to have happened 
tennis-court. Be this as it may, in the 16th century 
were common in England, very po; 
nobility, which it continued to be down to the reign of 
who uently diverted himself by 
courtiers, A similar e@ was 80) 
from con plage SEE py striking og wild tse ben, or with aaa 

m one player to e , or a 
bracer fixed upon the and Further particulars 
ing these and other old games played with a ball may be found 
in Strutt’s ‘ Sports and Pastimes.’ 

TENOR, the name of the most common of adult male voices, that 
which is between the extremes of highest and lowest, or Contratenor 
(Atro] and Base. [Base-Vorce.] compass of the Tenor is from 
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©, the second space in the base, to G, the second line in the treble. 
Example, in the tenor clef :— 


u a 
T 
Tt t —= sv we | et (a 
| T t a 
x2 2 ‘so 


1 

Hence it will be seen that the tenor and treble are reci ly at 
the distance of an octave; consequently, what is calculated for the one 
secre nog 5 de homage abbr 
suit ‘ 

The word is derived from Teneo, to hold ; for in ancient part-com- 
positions, the plain-song, or air, if it may be so denominated, was 
given ere or oe Tenor. [Crer.] 

is ©, or mean clef, placed on the fourth line for the 
use of the tenor-voice, as in the above example. 

It is also occasionally used for the violoncello: and the part of the 
tenor trombone is written in this clef. 

Tenor is also the English name for a larger instrument of the 


TENSION (Mechanics), the name given to the force by which a bar 


or string is pulled, when forming of any system in equilibrium or 
in motion. hci wher’ a weight 0 by a string, the tension 
of the string is the t which is suspended to it. Every point of 
the string may be as a point of application of two equal 
and ite * and upwards, each equal to the weight 
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known as the “ King’s ” ‘Tenths under the act 1 Vict, ¢. 20, are 
einen o-. we Governors ot Queet-eaaen ; 


payment. In case of a living being vacated 
the Ex is ered act 26 Hen. VIIL, c. 8, & 18, to 

arrears ly executors and administra- 
tors, but also from the successor of the last incumbent, [BENEFICE; 
Finst-Fevtrrs.] 2 
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TENURE. The general nature of tenure and its origin and history 
in England are explained in the article Feupat Law. 

All land was and is held of the crown either mediately or imme- 
diately, the tenure being either free or base ; Frank-tenement or free- 
holding, and Villeinage. The act 12 Car. II. ¢. 24 abolished military 
tenures, which were one kind of free services, and changed them into 
the other species of free services, namely free and common socage ; 
socage tenure being thus established for all lands held by a free tenure, 
which compre! ed all lands held of the king or others, and all 
tenures except tenures in frankalmoigne, copyhold, and the honorary 
services of grand-serjeanty. 

Tenure is still therefore a fundamental principle of the law relating 
to land in England; for the owner of land in fee simple, which is the 
largest estate that a man can have in land, is not absolute owner : he 
owes services in respect of his fee (or fief), and the seignory of the lord ~ 
always subsists. This seignory is now of less value than it was, but 
still it subsists. The nature of the old feud was this: the tenant had 
the use of the land, but the ownership remained in the lord ; and this 
is still the case. The owner of a fee has in fact a more profitable 
estate than he once had ; but he still owes services, fealty at least, and 
the ownership of the land is really in the lord and ultimately in the 
crown. For all ical purposes the owner’s power of enjoyment is 
as complete as if his land were allodial; but the circumstance of its 
not being allodial has several important practical consequences. 

No land in can be without an owner. If the last owner of 
the fee has died without heirs, and without disposing of his fee by will, 
the lord takes the land by virtue of his seignory. If land is aliened to 
a person who has a capacity to acquire but not to hold land in England, 
the crown takes the land; this happens in the case of lands being sold 
to an alien. Ifa man commits treason, his freehold lands are liable to 
be forfeited to the crown, and his copyhold estates to the lord of the 
manor, And if a man commits a felony, his freehold and copyhold 
lands are also subject to certain forfeitures, these forfeitures being 
all consequences of tenure. 

Church lands are held by tenure though no temporal services are 
due. This is the tenure in frankalmoigne, which is now exactly what 
it was before the 12th of Charles II. was Church lands, how- 
ever, owe spiritual services, and the lord of whom they are held must 
be considered the owner ; but the beneficial ownership can never revert 
to the lord, for all spiritual persons are of the nature of corporations, 
and when a parson dies, the corporation sole (as he is termed by an 
odd contradiction in terms) is not extinct, and it is the duty and right 
of some definite to name a successor, When,then the parson dies, 
the freehold may be considered to be in abeyance till the appointment 
of his successor, one of the few instances in the English law in which 
it is said that a freehold estate can be in abeyance. 

No sei can now be created except by the crown; for it was 
enacted by statute Quia Emptores (18 Edw. I. c. 1), that all 
feoffments of land in fee simple should be so made that the feoffee 
held of the chief, that is, the immediate lord of the aliening tenant, by 
the same services by which the tenant held. But tenure of an 
imperfect kind ma: be created. Thus wherever a particular estate is 
created, it is held of the reversioner by an imperfect tenure: as in the 
common case of landlord and tenant. If no rent or other services,are 
reserved from the tenant of the i estate for life or years, the 
tenure is by fealty only, and he may be required to take the oath of 
fealty. But the ng of the reversioner to whom services are due is 
solely incident to the reversion, and is created at the same time with 
it. perfect tenure originated in the pure feudal system, in which 
the seignory of the lord was the legal ownership of the land, and the 
tenant owed his services for the enjoyment of it. The only perfect 
tenure now existing is Socage tenure, / tpapamcl yc of which are certain, 
and consist, besides fealty, of some certain annual rent. And if the 
services due in respect of it are not rendered, the lord may distrain, 
that is, take any chattels that are on the land in respect of which the 
services are due. An imperfect tenure so far resembles a perfect one, 
that a reversioner can distrain for the services due from the tenant of 
the particular estate, 

A right still incident to a seignory such as a subject may have is 
that of escheat, which happens when the tenant in fee simple dies 
without leaving any heir to the land, and without having incurred any 
forfeiture to crown, as for treason. Forfeiture is another right 
incident to a seignory, and it may nm in uence of any act by 
which the tenant breaks his fidelity (fealty) to his lord of whom he 
holds. It therefore extends to other cases than treason and felony. 
core Esouzat; Frupau System; Forrrrrure; Manor; 

ENT. 


TE'RAPHIM (O°)34); Sept., fra), This is a word of somewhat 


uncertain etymology and signification. That the teraphim were of 
human form seems evident from 1 Sam. xix. 13. They appear to have 
been su itiously, if not idolatrously, reverenced as penates, or 
household gods. (Gen. xxxi. 19, 34, 35; 1 Sam. xix. 13-17; 2 Kings 
xxiii. 24.) In some shape or other they were used as domestic oracles. 
ary . Zech. x. 2; Judg. xvii. 5; xviii. 5, 6, 14-20; Hos, iii. 4.) 
confirmed by 1 Sam. xv. 23, where teraphim are mentioned in 
connection with the arts of divination. - 
TERBIUM, (Tr) a peculiar metal discovered by Mosander in the 
L 
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state of oxide in gadolinite, orthite, &c, associated with yttria, and 
with oxide of erbium, another new metal. 

The oxide of terbium has not yet been reduced to the state of 
metal; it is distinguished from that of erbium in not becoming of a 
dark orange-yellow colour when heated in the air. The oxide of 
terbium is insoluble in water and in the caustic alkalies; it is soluble 
even after heating to redness in a boiling solution of carbonate of soda, 
but after a few days it separates from solution in the state of a double 
salt; the carbonate of terbium is soluble in solution of carbonate of 
ammonia, and after saturation forms with it in a few hours a double 
salt, which separates in such quantity that very little of the oxide 
remains in solution; the salts of this oxide are colourless and have a 
sweetish taste. The sulphate is more soluble in cold water than in 
hot; the nitrate yields by evaporation a crystalline mass which 
deliquesces in a moist atmosphere, : 

The oxide of terbium has hitherto been obtained in small quantity 
only, and its oo are but little known, 

TEREBEN (Tunrentine, 

TEREBENTHIN. [Torpentive.} 

TEREBENZIC, [Turpzntixe.] 

TEREBIC ACID. [Turrentrye.] 

TEREBILIN. [Torrenrie.] 

TERECHRYSIC ACID, [TusrentrNe.] 

TERENTIAN METRES. Few subjects connected with Latin 
literature have been treated with less success than the principles and 
laws which govern the metres of Latin comedy. The majority of 
readers seem to look upon the writings of Plautus and Terence as 
mere humble prose arbitrarily distributed so as to present to the eye 
the appearance of verse without its realities. For them it would be 
better if the whole were printed consecutively, and such an arrange- 
ment would in fact be supported by not a few of the existing manu- 
scripts, On the other hand, there have been writers who have laboured 
to remove the difficulties that obscure the subject, among whom none 
before Bentley and Hermann appear to have had any success, Since 
their time, Bothe, Ritschl, and Fleckeisen have done good service, 
although the first and second of these recent crities have too frequently 
been rash in their innovations. Even the writer of the Life of Terence, 
in the ‘ Biographie Universelle’ (published in 1826), gave the following 
extraordinary criticism upon the metres of Terence :—* The sole rule 
which he observes with tolerable regularity is to end each verse with 
an iamb; and even this limitation he often disregards, as, for instance, 
in the terminations hic consiste ; si vis, nunc jam; audio violenter ; hue 
adducam ; hanc venturam, &e. With regard to the other feet, he 
freely substitutes for the iamb or spondee, a trochee, anapest, dactyl, 
double pyrrhic, or four short syllables, and a cretic or short between 
two longs,” &c. This writer thus started with the false impression 
that all the verses of Terence are reduced by critics to the single 
metre, called trimeter iambic; whereas in fact all who have dealt with 
the subject, except himself, are aware that the poet has at least three 
forms of verse which end trochaically; and his second exception is 
disposed of by the more correct orthography nunciam. In 
again, so late as the year 1837, we had a scheme of the Terentian 
meters, which for the commonest of those metres, the trimeter-iambic, 
gave us the following scale :— 
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with the additional remarks that quo quid hune may be a dactyl, that 
hie ites eat, rag par, - =" three first syllables of voluptati, pa 
pass for anapests, &e., &e. is is exceedingly unsatisfactory, 

it would be better to abandon the problem as insoluble, than to give 
currency to extravagancies which would enable us to find in any given 
chapter of Cesar a series of trimeter-iambics. 

It must be admitted that the metres of the Greek dramatists, and 
more particularly of the tragedians, gratify the ear with rh, 
which, comparatively speaking, are smooth and appreciable. But it 
should be recollected, in the first place, that the Greek is 
distinguished from among other languages by its abundance of words 
which end in a short syllable, and the advantage to the poet is increased 
by the large number of instances where these short final syllables have 
a vowel ending. Compare, for instance, the accusatives singular uovsay, 
SovAov, roAw, Saiwova, with the Latin musam, servom, navim, leonem ; 
the nominative and accusative plural daioves, Saovas, with the Latin 
leonés ; the numerals érra, 5exa, with the Latin septem, decem ; the 
verbs tumrere, turrove:, with the Latin scribitia, scribwnt ; the pro- 
nouns Me, oe, é, with mz, tz, e@. In fact the Latin language exceeds the 
Greek in the number of long syllables, as much as the English and 
German languages exceed the Latin. 

A still more important matter is the question whather, and how far, 
the written language of the Romans is an exact representative of the 
spoken language. It seems to be a condition of language in general 
that its pronunciation should always be passing a series of 
changes, and that those changes should consist for the most part in the 


gradual omission of letters and even syllables. Thus the Roman 
hrase mea domina is in Italian madonna ; in French, madame; in 
lish, madam, ma'am, and even mum and mim. Meanwhile, for the 
most part, the changes in orthography are slow, and consequently 
nearly always in arrear of the orthoepy. Thus it will be found that 
the sounds of English and German words which appear to the eye so 
weighed down with consonants, are in the mouth of a native tolerably 
harmonious, Was such the case with the Roman also? We answer 


i Thus Suetonius says, in his ‘Life of 
Augustus (c. 88), “ —that is, the laws and principles 
writing laid down by grammarians—he was not very observant of, 


It should be observed, too, that Suetonius had himself seen the hand- 
writing of the emperor. (Ibid, ¢. 87.) Again, Quintilian (‘Inst.,’ 
8, 33) says, “As, on the one hand, it is essential that eyery word 
should be clearly articulated, so, on the other hand, to reckon up, 
we may so speak, every separate letter, is painful and wearisome.” 
the same chapter he further observes, “ Not only is a coalition 
vowels very common, but some too of the consonants are 
(dissimwantur), when a yowel follows;” where he must 
other letter than m, pro! the final s generally 
neuter pronouns. Moreover, Priscian, who by the way appears 
written when the Latin language had to be spoken as a 
tongue, at times throws out such conjectures as the following :—* 
think that vigil, vigilis, should rather be pronounced per 
We might appeal to Cicero’s authority for the fact that a 
Seqenviy coon * pene or map But there are 
ments in support o: ‘or which we are contending. 
Within the limits of the Eatin language iteelé we find such changes 
actually in progess—as, magis, nisi, ipsus, neque, atque, si 
viderunt, providens, mihi, nihil, quibus, populus, ren opera, potesse, 
mavolo, noverit, novisti, coventio, becoming severally mage, ni, 
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nay seceaid <neele ae So aivey ae i 
and this still more, if w loyed the analogies of 
Again, the languages are acknowledged to be derived 
Latin, such as that of the Troubadours, the Italian, 
Portuguese, and one portion of the ish, by their 
firm our views. And this will be found to be i 


French should thus take precedence in our 
the answer is, that the French is pro i 
completely than even the Italian; for 
fea mie in France wagren the mee conquest mpl pret! 
were 0: oreign & character mix wil ie uerors: 
or to supply the place of it in the intercourse of the uirinsiale with 
their 3; Ww “in Italy there existed dialects which 
were intelligible to those who came from Rome, and for that very 
reason were not supplanted by that icular form of the Italian lan- 
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guage which hap to prevail in the metropolitan city. In the 
same way the authorised dialect of our own tongue is more li to 
become the current language of Calcutta than of Yorkshire, to 


— that the language now called Italian belongs to Tuscany, not to 
me, 


its enclitic character. This very word enters into the composition of 
the Latin qguomedo, which again in the languages derived Latin 
assumes various forms: in the Romance, com ; in Spanish, como; in 


Italian, come ; and in French, comme. To this we now add the 
that the Romans themselves represented the simple word by the abbre- 
viation mé, Again, -n-is the manuscript of denoting 
junction enim, a word which must often be pronounced like en to fulfil 
the conditions of Terence’s metre. We may observe of this word, ag 
of modo, that an enclitic should not attract the attention of the ear, 
A third example shall be a third enclitic, namely, — Bentley 
himself observed the trouble caused by this word in the verses of 
Terence (‘ Andr.,’ i, 8, 20), and his remedy is to drop the final m, 
which however still leaves the verse encumbered with a superabundance 
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our suspicions be 
meaning. IF 

ic pra jation for quidem, We have already 
basete ts Gab chareher i 


, 

to give tone to the word which les it. 

equidem, 

lable 
the 


may be represen’ 
ot i a 2 asada We will 
observe, in passing, our pronunciation of quidem suggests a 
_correction of a corrupt passage in Persius, Sat. i. 10 :— 


“Littera. Per me quidem sint omnia protinus alba,” 


ey say, upon the length of sylla- 
distinction we believe to be wholly 
n’s 

ing of 


scanning 
the ‘ Aineid,’ because, as has been already said, that 


ly arrived. 
I. In words of more than two patios, if, according to the received 
or more short syllables, exclusive of the final syllable, 
oceur together, the second of those short syllables, counting from the 
beginning of the word, was slurred over. For instance, in some cases 
the changing a vowel i or ¢ into the sound of a y, or of a vowel a, 0, or 
# into the sound of a w, would be the simplest mode of effecting such 
a adtribitre, périimus, consilium, would, upon our 
theory, be pronounced adtribwere, peryimus, consilyum, the last of which 
by Horace’s use of the same word in his odes, and the 
Italian consiglio, Fr. conseil, Sp. consejo ; and at any rate our pronun- 
of two former is more consistent with the quantity of the 

mode usually adopted, namely, per-t-imus, i 
himself observed (‘Eun.,’ ii. 2, 36) that the words mulier, 
, &e., are always so placed in Terence as to have the accent on 
age gee which, by the way, is consistent with the Italian 
the muger. e doubt, however, whether the 
ablative plural would be found to obey the law laid down 
In those cases where the second short vowel is followed 
i becomes impracti 
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accent on the first syllable, and in 
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Hermann has not attempted to reconcile the two assertions, but the 
fall at ohce into agreement if we are right in dropping the second syl- 
lable, for then the first becomes virti an antepenultimate ; and we 


what is common in our own language, as in évery, 

. This principle, moreover, may be clearly traced in forms 
ror berg 4 to be Latin. Thus, from populus should be formed 
populicua, but that becomes poplicus or publicus. If pello has a perfect 
ap cado a perfect cecidi ; the compounds with re should strictly 
us ', rececidi ; but we find reppuli, reccidi. , in con- 
nection opifex we t to have opificium and ; but 
these been supplanted by offcium, oficina. So, too, the Greek 
emme}ov becomes in Slatin A 6 spa as opposed to the arz, or citadel ; 
ememeBoo! es the form of oppido, an equivalent in 


e accent of a Latin dissyllable or ey agp will fall upon 
{ i Where that penult is long by the nature of the 
vowel, and at the same time the final syllable is short, the accent upon 
the penult is called a circumflex; in other cases an acute accent. 


os 


Secondly, if the penult be short, put an acute accent upon the ante- 
penult, always performing the previously mentioned abbreviation, if 
need be ; the necessary effect of which is to give a long antepenult, if 
the penult itself be short. 

Ill. The preceding rules dispose of every case except two classes of 
words, namely, dissyllables with a short penult, and monosyllables. 
The former are either to be pronounced as monosyllables, or else to be 
attached to the preceding or following word; and the double word 
thus formed to be accentuated as a polysyllable. When a word is 
attached in pronunciation to that which it precedes, it has already 
received in common use the name of enclitic. Hermann, who first 
observed that there are also words which attach themselves to those 
which follow, has proposed to give them the name of proclitics. The 
Greek article, for instance, belongs to this class, as also not unfrequently 
the Latin hic, hee, &c. The same is true of prepositions, when really 
prepositions, that is, when they precede their noun; and the Latin non 
or née, like the Greek ov, should perhaps in many cases be pronounced 
in immediate connection with the following verb, just as we, who are 
accustomed to place our not after a verb, write cannot as a single word. 
Many little conjunctions also may probably require such treatment, as 
si, ut, &e.; in confirmation of which it should be observed that Latin 
manuscripts, even of a late date, almost habitually write these little 
words in immediate connection with the following word. Again, the 
list of enclitics should be extended so as to include most of the con- 
junctions which require to be placed second in a sentence, and even 
conjunctions in general, together with the relative itself when they are 
forced, if the word may be used, into a second place, as, for instance, 
in the first line of the ‘ A£neid, which acquires additional power by 
the pronunciation Zroiaé-qui. In the same way a postponed preposi- 
tion becomes an enclitic, as in the phrase altis-de montibus. In this 
way many dissyllables and monosyllables will coalesce into polysyllables, 
at be accentuated accordingly. We even entertain a strong suspicion 
that a verb in the middle of a sentence must often be treated as an 
enclitic, to give tone to some important word before it. Such a pro- 
nunciation was indeed demanded by Carey, in his ‘ Prosody,’ for the 
Virgilian /evis-volat. The verb est, again, is known to have been very 
generally an enclitic ; and the best Sanskritists have held that the verb 
must very frequently in verse be so attached to the word which pre- 
cedes it. We trace the same law in a fact which governs the order of 
words in the Latin and Hungarian, and probably many other languages, 
namely, that when a verb oceupies a place in the middle of its clause, 
it is safe to infer a strong emphasis for the word which precedes it. 

IV. The principle of elision will often ne the accent of a word. 
Thus, cumprimum, saribéndum, arguménto, would in ordinary circum- 
stances have the accent as marked. But if elision take place, they 
sometimes have the accent displaced. - In this way the first and 
eleventh lines of the Prologue to the ‘ Andria’ should be read : “ Poéta 
cim-prim, fm’ adscribend’ ddpulit;” and “ Non it’ dissim’li sunt 
argiment’ ét-tamen.” It should also be observed that elision often 
destroys the initial vowel of the second word, instead of the final 
syllable of the preceding word, as nune tuéimst officium, rather than 
nunc tu’ ést officium. 

VY. The pronunciation of Latin words in the days of Plautus and 
Terence differed in several from that which holds good for the 
later and this for the most part in one direction—syllables being 
long in the old Latin drama, which afterwards became short. Thus, 
larité and militiis, gratits and nunciam, were always trisyllabic. The 
first syllable of Acheruns was already in a state of transition, generally 
long, yet at times short; cacula is another word of varying quantity 
in the same syllable. Then, again, nominatives in o7, as uxor (Plaut., 
* Stic.,’ v. 140), stultior (Ibid., ‘ Bace.,’ v. 123), may have the last 
syllable long, and this with the more reason as they really stand for 
uxors, stultiors. In the same way, pater, like the Greek rarnp, has a 
long final syllable in the ‘Trin.,’ v. 645, if we follow the Ambrosian 
palimpsest. Then, again, in verbs we have a long final in the first 
person of the reflective, as perpetiar (* Most.,’ v. 621), and in the third 
person singular of the active, provided the other parts-of the tense in 
question prove the vowel to be in itself long, as sit (‘ Mil.,’ v. 242), 
adflictat (‘ Merc.,’ v. 648), habet, not aut habet (‘ Trin.,’ v, 206), desideret, 
expectet, for so the MSS. (‘ Mil.,’ 244), and, above all, in perfect tenses, 
as optigit (‘ Stic.,’ v. 384), astitet (‘ Mil.’ v. 213), repperit (‘Stic.,’ v. 
462), vendidit (Capt. Prol. 9). Indeed, Virgil and the later poetsfurnish 
not a few examples where such syllables retained their original length, 
as, pater, amor, in Virg., perrupit, subitt, Hor., reditt, preteriit, Ov. On 
the other hand, a short vowel in what is called doubtful position, 
remained invariably short in Plautus and Terence, although the 
later poets took the liberty of treating such a syllable as long. Thus, 
lacruma, sacrum, lucrum, patrem, have always a short first syllable in 
Latin comedy ; and if mediocris has a long 6, it is because the o vowel 
of this word is in itself long. 

If now the principles we have assumed on the grounds above men- 
tioned be applied to the plays of Terence, we arrive at the result, that 
the verses, with very few exceptions, acquire the desired rhythm ; and 
that there should be exceptions must be expected where the text of an 
author is not yet established upon a careful comparison of manuscripts, 
and where even the transposition of two words will often alter the 
accent. Moreover, it should always be recollected that in the comic 
drama it may be even desirable to avoid the purer rhythm of verse, 
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and approach somewhat to the of natural conversation, as Cicero | was heard, even above stairs, in what was supposed to be a to the 
has himself remarked (‘ Orator.,’ 55), ‘That what we now say may be | tune of ‘ Unfortunate Miss Bailey.’ The doctor was to 
put to the test, we will give a list of those words requiring abbrevia- | them some specimen of Terence's Comic Septenarius, or, to use a 
tion which most commonly occur, observing at the same time that a | harder the Iambic Tetrameter Catalectic. 

word at the end of an iambic trimeter, or after a m lable, is HTHALIC ACID, [Turrentive.] 

often to be pronounced with all its syllables, though elsewhere liable | TERETINIC. ACID, 

to contraction. Of this an example may be seen in the tenth line of (Algebra). A simple term in an algebraical ion means 
the prologue already referred to, which contains both noverit and | all that involves multi on, division, and extraction of roots without 
norit -— addition or expression, 

senex § = sen. Compare the genitive. aia? —Qabs? + /ab. x, 

pater = pére. Com r 

suror = seur, as in the terms are a*b*z*, Qaba*,and «/ab.z*. But quantities 


Compare tis = vélis and invitus = involitus, 
lacruma =larma. Compare the French larme and serment, from 


sacramentum., 
hodie == oggi, as in Italian. 
dies = jes. Compare jour, journée. 
ego = yo. Compare Italian io. 
cave == cau. Compare Cicero's story about the word cauneas. 
tace = tai, as in French, tais. 
quibus = quis. Compare the loss of } in the dat. pl. of the first and 
second declensions, 
tibi = 
sibi = si. Com: the Romance, Italian, Fr., Sp., and 
abi =itory. thi = mi. 
whi = ou. 
abi = ai, 
jube = ju. Compare the perfect jussi. 
inde = in. Compare the French en, and Latin dein, exin, for 
deinde, exinde, &c. 
redé = rei. 
magis = mais. Compare mai It., mais Fr.,mas Sp, 
minus = mins. 
alius = alyus. Compare Greek a@AAos, and Sanskrit anya. 
facere = fare. Compare Fr., It., Sp. 
vigilare = vigliare. Com Fr., It. 
vide = vi. Compare Fr. wi-ci, voi-la. 
novos = nous. Compare Greek veos, English new. 
sine = sin, Compare Fr., It., Sp. 
duo = do, Compare Greek dw-dexa, Fr., Eng, 
diag = wtheg le, &e. Compare It., Fr., Sp. 
= bon, i 
= somints, as in French. 
bene = ben. 
male = mal. 
homo = homme, as in French. 
rei = re. Compare the forms of the fifth declension used by 
Cesar, Virgil, &c. 
puer = pur or por, Compare Greek mais, Spartan oi, Latin 
Lucipor. 
suus, &c, = sus or 808, 


= Compare It., Fr., Sp., and also the forms used 
meus, &. = mus, &c. At, > 
tuus, &e, = tus, &e. by Ennius, and in Greek. 


Suit = fut. Compare It., Fr., and Latin fore. 

i = dmus, Compare It., Fr. 

= dnus. Compare Fr. 

= epol. Compare ecastor, ecere, &c. 

= lere, Compare Fr. 

= q@ilus. Compare Fr. 

= genris, Compare Fr. 

= aprire. Compare It., Fr., Sp. 

= opra. Compare the form in Ennius, and Fr., Sp. 

= sim'lis, Compare Fr. semble, Eng. resemble. 

= ta’n. Compare tametsi for tamenetsi, and tandem for 
alqu Compare Te. alowno, Fr from aliquis- 

= is. mpare It. , Fr. aucun, from aliquis-unus, 

= his, Compare the abbreviation of nullius into nullius and 

nu, 
= is, 


For a more detailed exhibition of these words, see ‘Journal of Edu- 

cation,’ vol. ii., p. 344; and on the subject of Latin prosody generally, 
same work, vol. iv., p. 336, 

It should be added, that of modern editors, Hermann, Bothe, Linde- 
mann, Ritschl, and Fleckeisen, alone seem to have a distinct idea of the 
nature of the metres of Terence and Plautus; for all that has been said 
applies to Plautus as well as Terence. The author of the ‘ Varronia- 
nus” borrowed his article on the subject, and that without acknow- 
1 ent, from the ‘ Penny Cyclopwdia’ and the paper in the ‘ Journal 
of Education;’ all, at least, except the paragraph about puella, and 
that, oddly enough, is the one paragraph in the said chapter which 
the recent editor of Terence has justly condemned. Among older 
writers, Bentley certainly possessed a clearer insight into the subject 
than some of his notes would lead one to suppose. That this is the 
case is proved by an anecdote in Bishop Monk's ‘ Life’ of that scholar. 
The reverend doctor, at a friend's house in London, kept the 
gentlemen longer over their wine than was thought proper by the 
jadies in the drawing-room, and added to the when his voice 


animus 
asinus 
legere 
oculus 
generis 
aperire 
opera 
similis 
tamen 
ali 
hujus 
ejus 


oor cleo alia Sona es See ee a form that additions 
a oe ° 
= subtractions are subordinate to subsequent multiplication, division, 


(a+b) att? + SA (a? —b*). zy 
has two terms, (a+b), x¢t4, and 4/(a?—2*). ay. 
agetd 4. bated + a/(a2—*). ay, 


the ion then has three terms. Most frequently, however, there 
is one in powers of which the whole expression is and 
then all that involves any one power of this principal letter is a term, 
Thus a+bz+cx + ex has three terms, namely, a, (b+¢) x, and ex*, 
When one quantity is said to be expressed in terms of another, it 
ly means merely that the first is to be an explicit runction of 
the second, Thus, in z+y=a, we have 2+y in terms of a: 
deduce y=a—x, and we have y expressed in terms of a and 2, 
is the distinction between y exycenpes in Saran ot Se 
a function of z: if, for instance, y=a—z, c=2*+72, y is a function 
x, but it is not expressed in terms of 2, but of 2; substitute for z its 
Gat beanies tet coma terms of 2, RV eded lg apron 
yy saying a quantity is expressed in terms of 2, it 
‘saath thal a ix the ants lalher ein enters, but that no other letter 
if there be any, is a function of z. Thus, in the preceding, . 
obtain y=a—x—2*, y is expressed in terms of # if a be no function of 


If the form be 


terms of x, until the value of a has been substituted, gi =23—z2, 
ERM. The law Terms are those portions of the year during which 

the courts of common law sit for the di of business, are 

four in number, and are called Hilary Term, Easter s 7 

Term, i Term; they their names from 

festivals of the Church which imm the 

of each. Various acts of ent have passed relative to the 


uary ; Easter begin on the 15th of April and end on 
; Trinity begin on the 22nd of May end on the 12th of June ; 
ichaelmas begin on the 2nd and end on the 25th of November. 


follows : —When we say, for example, a circle is a regular polygon 
with an infinitely great number of infinitely small sides, the 

used is that of an end arrived at, a transformation actually made; the 
circle is described as consisting of straight lines; and the 
language is terminal (expressive of S cuseetiiy Bald attained), But 
the meaning of this language is, or is ly held to be, false: no 


a me 
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coincide with the circle within any degree of nearness we please to 
assign: or the following proposition—‘“the area of the inscribed 
polygon may be made to differ from that of the circle by less than 
the nth part of the latter"—may be made true for every value of n 
that can be named, however great. Terminal language, properly 
employed, may be made the means of abbreviation of all those truths 
whose announcement contains interminable approximation: the 
deyelopment of this sentence is the object of the article Inrmi1Te. 

TERMINALIA, the festival of Terminus [Terminvs], celebrated 
at Rome annually on the 23rd of February, the last day of the old 
Roman year. The festival was either public or private, according as 
it was held at the boundaries between the fields of private persons, or 
at the boundary of the Ager Romanus. In the former case persons 
possessing adjoining lands met with their families and servants at the 
stone which divided the properties, adorned it with’ garlands and 
offered sacrifices, and a feast in which the neighbours partook was 
intended to renew the friendly relations existing between them. 
(Ovid., ‘ Fast.’ ii., 643, &c.) Dionysius states that down to his time 
the Romans did not offer any bloody sacrifices on this occasion, but 
only cakes and fruit. But we have authentic statements which show 
that the assertion of Dionysius can only apply to the early period of 
the republic, and that subsequently a lamb or a sucking pig was sacri- 
ficed. (Dionysius ii., 74; Plutarch,‘ Numa’ 16; ‘ Quaest. Rom.’ 15; 
Horatius, ‘ Epod.’ ii. 59.) The public Terminalia were solemnised in 
a similar manner by the whole people on the boundary of the Ager 
Romanus. (Ovid., ‘ Fast.’ ii. 679, &c.) 

TERMINUS, a Roman deity whose worship was said to have been 
introduced by Numa Pompilius, when he ordered the fields of the 
citizens to be separated from one another, and the boundaries to be 
marked by stones which were to be considered as sacred to Terminus, 


temple on the Capitol, and the part of the roof just above the symbo- 
lical pillar was left open. (Festus; Servius, ‘ Ad Aen.’ ix. 448.) 

TERMINUS, or TERM, signifies, in sculpture and architecture, a 
pillar statue, that is, either a half statue or bust, not placed upon, but 
incorporated with, and as it were immediately springing out of the 
square pillar which serves as its pedestal. If they be mere busts, 
figures of this kind are usually distinguished by the name of Hermm 
(‘Epuaz) ; and busts which, instead of having a circular moulded base, 
resemble the upper part of a terminus, are called terminal busts. 
There are many such busts and also some termini in the Graco- 
Roman Saloons of the British Museum ; among others a terminal bust 
of Dionysus, and a double terminal bust of Bacchus and Libera, both 
of which are engraved under Dionysus; also a terminal statue of 
Pay. The terminus, or pillar part, is frequently made to taper down- 
wards, or made narrower at its base than above, which mode of 
diminution, the reverse of that employed for columns, was no doubt 
intended by way of similarity to the general outline of the human 
figure, whose greatest breadth is at the shoulders. By modern artists 
the pedestal part is usually made taperiig downwards or narrowest 
just above its base; when it is called the gaine, from its resemblance 
to the scabbard of a sword. 

In architectural design Terms are employed in lieu of Caryatides, not 
however as insulated pillars, but as pilasters forming a small order or 
attic, or a decoration to gateways, doors, &c. ‘They frequently occur 
in the Renaissance and our own Elizabethan style. 

TERMS, ATTENDANT AND SATISFIED. The assignment of 
satisfied terms on the purchase of property being frequently accom- 
panied by great difficulty and expense, the Act 8 & 9 Vict. was passed 
to render the assignment of Satisfied Terms unnecessary. 

TEROPIAMMON. [Oprum, ALKALOIDS oF.] 


or as Dionysius calls him Zeds dpios. (Festus, s. v. ‘Terminus,’ Diony- TERPIN. [Turrentrne.]} 
sius, ii, 74). A careful examination of the worship of this god shows TERPINOL. [Turrentine.] 
that Terminus was only a surname of Jupiter, who was worshipped TERPSICHORE, [Muszs.)} 


under this name as the guardian of boundaries. The stone pillars were 
regarded as symbolical representations of the god himself, and hence 
perhaps the severe law mentioned by Festus, that whoever displaced 


such a pillar should, together with his oxen, be devoted to the god. | magnetic phenomenon. 


In the same manner in which the boundaries between the lands of 
ivate individuals were marked, the original territory of Rome (Ager 
us) was separated by pillars from the territory of neighbouring 
tribes. In the direction of Laurentum there was such a pillar (ter- 
minus) between the fifth and sixth milestones from Rome on the 


TERRA SIENNA. [CoLourtye Marrers.] 

TERRESTRIAL LIGHT. Aurora borealis, or northern lights, as 
they have hitherto been called, is now generally admitted to be a 
(TerrestRIAL Macnetism.] As lightning 
shows a restoration to equilibrium from a disturbance in the electrical 
condition of the atmosphere, so these northern and southern lights 
denote the conclusion of a magnetic storm which has foretold its 
approach by its universal influence on a freely-suspended magnet, even 
at places far distant from the place where the phenomenon itself is 


Laurentine road. This was the public Terminus, The god had a | visible. 


Fig. 1.—Aurora Borealis. 


The appearances which ordinarily present themselves during a dis- 


with his accustomed accuracy :— Deep in the horizon, nearly in the 
play of terrestrial light are thus graphically described by Humboldt 


situation where it is intersected by the magnetic meridian, the heayen, 
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neato = : oe 
up to this moment clear, grows black. There is a kind of hazy bank 
or screen produced, which rises gradually and attains an altitude of 
from 8° to 10°. The colour of the dusky segment passes over into 
brown or violet, Stars are visible in it, but they are seen as ina 
portion of the sky obscured with dense sthoke ; a broad bright lumi- 
nous aro or seam, first white, then yellow, bounds the dusky segment. 
The highest point of the luminous arc, when it has been carefully 
measured, has been found to be not exactly in the magnetic meridian, 
but to vary between 5 and 18 degrees from it, towards the side on 
which the magnetic declination of the place of observation lies. The 
luminous bow, in constant motion, flickering and changing its form 
incessantly, sometimes remains visible for hours before anything like 
rays and pencils of rays shoot from it and rise to the zenith. The 
more intense the discharges of the northern lights, the more vividly do 
the colours play from violet and bluish-white, through every shade and 


r 
’ 
| 


| 


gradation, to green and purplish-red. The magnetic fiery columns shoot 
up, at one time singly from the luminous arch, even mingled with black 
rays like thick smoke ; at another, many columns arise simultaneously 
from several and opposite points of the horizon, and unite in a flickering 
sea of flame, to the splendour of which no description can do justice, 
and whose luminous waves assume another and a different shape at 
every instant. The intensity is at times so great that Lowenirn per- 
ceived its oscillations, in bright sunshine, on the 29th of January, 1786, 
The motion increases the brilliancy of the phenomenon, Around the 
point of the vault of heaven which corresponds with the direction of 
the dipping-needle, the rays at length collect together, and form the 
corona or crown. This surrounds the summit, as it were, of a vast 
canopy, the dome of heaven, with the mild radiance of its streaming 
but not flickering rays. It is only in rare instances that the pheno- 
menon, proceeds the length of forming the corona completely. With 


eres ) 


its appearances, however, the whole is at an end. The rays now 
become rarer, shorter, leas intensely coloured. The crown and the 
luminous arches break up. By-and-bye nothing but broad, motionless, | 
and almost ashy-gray pale gleaming fleecy masses appear irregularly | 
dispersed over the whole vault of heaven: these vanish in their turn, | 
and before the last trace of the murky fuliginous segment, which still | 
shows itself deeply on the horizon, has disappeared. Of the whole | 
brilliant spectacle, nothing at length remains but a white delicate cloud, | 
feathered at the edges, or broken up, as a cirro-cumulus, into small | 
rounded masses or heaps, at equal distances.” (‘ Cosmos,’ v. i.) | 

The two illustrations given above are selected, for their dissimilarity, | 
from the work of M. de Mairau. Fig. 1 represents an aurora as seen | 
at Breuillepont, in Normandy, nearly in the latitude of Paris, on | 
September 26th, 1726. It consisted entirely of streams of light, | 
without any darker meteor. Fig. 2 shows an aurora as observed at | 
the same place, and which lasted for several minutes, on Oct. 19, 1726. | 

It has been a subject of some dispute whether any sound accom- 
panies the development of the terrestrial light. The Greenland | 
sledgers and Siberian fox-hunters are positive in their assertions that 
there is; and intelligent observers engaged in the Arctic magnetical 
and meteorological expeditions have recorded their evidence in the | 
affirmative, On the other hand, Parry, Franklin, Richardson, and 
others state to having witnessed thousands of surore without perceiving 
any attendant sounds, 

According to Dalton, the southern lighta have been frequently seen 
in England; and the northern lights were seen in 45° §, lat. on 
January 14, 1831. Humboldt remarks, however, that “ It is necessary 
to distinguish between the sphere of a simultaneous apparition of the 
phenomenon and the zone of the earth in which the phenomenon is | 


Fig. 2.— Aurora Borealis, 


displayed almost every night of the year. As each observer sees his 
own rainbow, 80 also, doubtless, does he see his own polar light. A 
great portion of the earth engenders the radiating light-phenomenon 
at the same time.” 

The intensity of the terrestrial light diminishes with the decrease of 
latitude, or, more strictly, with the decrease of magnetic latitude. In 
Iceland, Greenland, and on the banks of the Slave Lake, it appears at 
certain seasons every night. In Italy it is rare. On the shores of 
Siberia there appear to be “ special regions of the northern lights.” 

There is great difficulty in determining the altitude of the terrestrial 
light, in consequence of the incessant oscillations of the luminous rays ; 
so that the results of different observations “ vary between several 
miles and three or four thousand feet.” Moreover, it is probable that 
its altitude differs at different times. 

Our observations and knowledge of the terrestrial light leads us to the 
important and interesting conclusion that our earth itself is luminous ; 
and it is supposed that the degree of luminosity is a little greater than 
that of the moon in her first quarter. These considerations, compared 
with the observed fact that the planet Venus “ glows occasionally with 
4 proper phosphorescent gleam” in those parts which are not illumi- 
nated by the sun, lead us to inquire whether the moon and planets 
may not likewise be magnetic, thus keeping up a mutual influence 
between themselves and our earth. 

Why the phenomenon of the terrestrial light should confine itself 
especially to the polar regions is readily explained on the supposi- 
tion that it is a luminous discharge of superabundant magnetism ; 
and since heat is destructive of magnetism, the magnetic intensity 
will be greater in the colder regions of the earth, [TERRESTRIAL 
MaonetisM.] An illustration of this may be given by taking a bar- 
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and dipping it in iron filings, when the filings will be found to 
near the poles of the magnet, presenting the appear- 
shown in the following figures. 
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found 

the and the magnitude of this angle will depend upon the 
prado gee Looe is made. The unknown influence 
which produces these is derived from the earth itself, and 
is called Terrestrial ee ee a 
reducing terrestrial magnetism to a theory, although various attempts 

been made—and some with partial success. But the labours of 
mathematicians and observers have not been lost, for a mass of 
evidence on this important subject has been accumulated, which in 

time will form the basis of a theory more wonderful even than 
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Whether the magnetic condition of our earth has undergone any 
recent change we cannot say; but it is remarkable that we can find no 
yery early accounts of the phenomenon we haye been describing. It 

Aurora Borealis. 


ee 

Sf 6 
FP oe 
na 


/ 
a 
“8 
‘. 
\ 


Aurora Australis. 
Magnetic Intensity, and the direction of this force is inclined to the 
horizon at an angle called the inclination or dip. These two elements 
to be independent of each other, and to vary with the position of 
the place of observation. Again, the needle does not point exactly north 
and south, but to points situated at some little distance from the poles 


of the earth—w! points are called the magnetic poles, The angle 
between the meridian of the place of observation and the vertical 
cirele in which the axis of the needle lies—that is, the vertical circle 
passingsthrough the magnetic poles—is called the Declination or Varia- 
tion, Thus, let a} represent a magnet freely suspended from its eentre 


of gravity at any place P, whose zenith is z, Let zN HK represent the 
rf lace, HM K the horizon, z nN’ M the meridian, 

the axis of the needle lies: n and ’ the 

true north pole and magnetic north pole ively, Then the 
ition the position n’ ab 
The angle yn’ ar is the 
inclination: and the angle between the circles zNu, ZN’ M, which is 


o of the magnetic observer is to determine the 
absolute values of these magnetic elements, and then to trace the laws 
which regulate their hourly, daily, annual and secular 

It would be a difficult matter to construct an instrument which 
should at once give the absolute value of the intensity, and its periodical 
changes ; but this object is readily attained by the application of the 
principle of the resolution of forces. For let F be the absolute value 


of the magnetic intensity, x and y its horizontal and vertical com- 


ponents, @ the inclination or dip : 
Then vF=Xs80c 0 
and Y=xtan@ 
Now, as we shall see, there is no difficulty in determining the 
horizontal component x, and the inclination @: hence, also, the vertical 
component ¥ and the total force ¥ may be found, 
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Determination of the Horizontal Component of the Magnetic Force.— 
This clement is obtained by a combination of two made 
with an instrument ones. Se See! = ie = 
experiment, the time of vibration of a suspended magnet is observ 
Tn the second experiment we observe the amount of deflection which the 
same magnet produces in a second magnet suspended by a single thread. 
Let 7 denote the time of vibration of a ed magnet, deter- 
mined much in the same way as the oscillation of a pendulum might be 
observed, that is, by observing the time of the passing and repassing of- 
a fixed point on the magnet past a vertical line placed in the focus of a 
fixed telescope. Let m be the magnetic moment of the bar, k its 
moment of inertia, then by the principles of Dynamics we have 


rK Ql) 


mx= —. 
=) 

Next let this same bar s, be placed on a support in such a position 
that its axis lies in a straight line, passing ugh the centre of 


another magnet n’ 8’, suspended by a single thread, and its direction 
io) pening 3 to the axis of the latter magnet. Then the magnet Ns 
ill deflect the magnet »’s’ from its normal position into a position 
x"s". Let u denote this angle of deflection n’oNn”, r the distance 
between the centres of the two magnets, Then the condition of equi- 

librium will be given by the equation 

mn ‘ 
“Yes 4 sin 
combining this with equation (1), we have 
® Pak 


x= Tr rsin u 


(2) 


7r Behe, 
Fp and m = + Varksinw. 


It is to be observed that the units of time, space, and mass referred 
to in these investigations, are by universal consent taken to be, a 
second, a foot, and a grain respectively. 

But though we are thus enabled to determine the absolute value of 
this horizontal component x, and, therefore, also the changes it under- 
goes from time to time, yet it is not adapted to give those very minute 
changes which take place from hour té hour, and day to day, Such 

are called horary and diurnal variations ; and the instruments 
by which they are observed are called differential instruments. The 
variation in the horizontal force is denoted by the symbol 4x; and is 
observed by means of an instrument called a Bi etometer. 


8 is a magnet suspended by two threads hanging from a screw 
& 
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which can be turned horizontally, so that the axis of the magnet can 
be constrained to assume a position approximately Bei protein to 
the magnetic meridian. Beneath the magnet, a grad transparent 
scale, c, is suspended, and the readings of this scale are viewed by 
means of a telescope, T, whose axis is in the ic meridian. Now 
the horizontal force, x, evidently acts perpentiouleny: te the magnet, 
hence every change that it undergoes _cause the magnet to be 
deflected from its normal position, These deflections are read off by 
means of a vertical wire placed in the focus of the telescope; hence, 
having determined the change in the horizontal force which corres- 
ponds to one division of the scale, the reading of the scale at any time 
will show us the increase or decrease of the horizontal intensity—the 


vero ing of the scale co nding to the normal value of 
SS Shapers peas 


orce, 


The Vertical Force Magnetometer is another differential instrument 
N 
a 


for observing 4 ¥, a small variation in the vertical component y, It 


used, the instrument is adjusted so that the 


effects of friction. The axis of the bar ina en Pee 
dicular to the magnetic meridian, thus i it independent the 
inclination or dip. A small shifting weight is attached 
and is so adjusted as to bring the axis into a 


mined from the formula y = x tan 0, 
The Inclination or Dip is determined by means of a light 
whose extremities taper to a point, and through the centre of 


+s 


two 
magnet moves in a vertical 
ugh each of the four quadrants nes nee 90°. 
° 
circle, together with the axis of the . 
magnetic meridian, acelin: et: ‘ 
the direction of the 


horizon. In practice, the means of both readings 
pairs of observations made, These and many other 
ado} in order to eliminate, as far as possible, the m 
in the instrument, and errors of observation, 

The Declination or Variation is determined by the following very 
simple process ;—Let c T denote the magnetic meridian ; cP, the astro- 


? 


‘tions are 


nomical meridian, Then the axis of a magnetic bar, a ¢B, suspended 
by a single thread attached to a point above its centre of gravity, 


scale being attached to the magnet, its zero-reading, 
indicate 


meridian, and is measured by a theodolite 
axis is made to coincide with the poo taal Parse 


meridian of the place, the uthal angle thus measured is the n 
declination, 

This instrument, which is sometimes called the Unifilar 
meter, likewise serves to make differential observations of the 
tion; for there is no difficulty in the an; , 
each division of the scale attached to the magnet: hence, if the’ 
wire in the telescope coincides with the zero-reading of the scale 
specified time, when the needle is supposed to be in its normal 
any other reading will denote the angular deviation of the 
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its original position, and therefore determines the corresponding | been assigned to the southern poles are alittle to the south of Australia, 
yariation of the reti idi and south-south-east of New Zealand. This hypothesis, however, must 


ic meridian. 

Such is a brief outline of the methods employed in determining the 

absolute value of the magnetic elements, and in watching the periodic 
changes they are constantly found to undergo. It is obviously beyond 
the limits of this article to enter into the numerous and elaborate 
details of the cautions which must be adopted by the observer ; the 
methods employed to diminish the effects of instrumental errors ; and 
the corrections which are applied to many of the observations to 
‘counteract the influence of temperature, which has the effect of 
changing the magnetic condition of the bars, For a more complete 
description of the magnetometers, and all the practical details necessary 
for observing and computing the observations, the reader is referred to 
the ‘Instructions of the Royal Society to the Directors of Magnetical 
and Meteorological Observatories.’ 

We now proceed to notice some of the most prominent phenomena 
in connection with terrestrial magnetism. It has been already stated 
that the magnetic elements are subject to periodic changes. These 
changes are generally slow, and exhibit a certain amount of regularity, 
though the laws which govern them have not yet been arrived at. One 
of the most apparent, perhaps, of these fluctuations is seen in the 
declination magnet, that end which is towards the north moving slowly 
westward during the forenoon, and returning to its normal position 
about ten in the evening. It then moves towards the east, and returns 
to its former position about ten in the morning. These changes evi- 
dently establish the fact that the motion of the magnetic meridian is 
in some way connected with that of the sun. The other magnetic 
elements also undergo similar though less striking changes ; and it is to 
be observed that each succeeding day will not show exactly the same 
set of hourly variations as its predecessor, nor are the observations of 
one year identical with those of another. 

But, besides these known periodical fluctuations, which past expe- 
rience teaches us to look for from time to time, there are sudden and 
unaccountable disturbances in the magnetic elements arising, it is 
supposed, from some sudden derangement in the magnetic condition of 

earth. 


. which the position of the magnet is viewed is completely carried out 
of the field of the telescope. On some occasions the magnet seems to 
fr be acted upon by a succession of rapid jerks; at other times a quivering 
; is detected, so much so as to render the scale indistinct. These 
unusual disturbances, the iculars of which have, when observed, 


be adopted with caution. 
The following is a comparative view of the value of the magnetic 


elements at some places where they have been determined with the 
greatest accuracy :— 


Declination, Dip. Total Force, 
Greenwich . ° . 22° 51’ west 68° 59° 10°4 
Toronto . oe ee 75° 17’ 13°9 
St. Helena . 22° 46’ ,, 21° 37’ 6°3 
Cape of Good Hope . ae. 8> = 53° 35” 76 
Hobart Town 9° 47’ east 70° 36’ 13°5 


The causes of terrestrial magnetism have still to be developed. 
Various theories have been from time to time proposed, some of which 
have indeed successfully accounted for a few of the known magnet- 
ical phenomena, but fail under the tests which science and obser- 
vation supply us with. The elaborate theory founded on the 
supposition that the earth is an actual magnet, is overturned by the 
discoveries of Faraday, Arago, and other philosophers. Although 
there does not appear to be a simultaneous occurrence of magnetic and 
electric storms, yet there can be little doubt of the connectidn between 
these phenomena, even if etism be not “one of the numerous 
forms under which electricity developes itself.” The experiments of 
Faraday and Oersted have shown, not only that “ electricity induces 
magnetism in the vicinity of the body which conducts it,’ but 
that “free magnetism gives rise to electricity.” Assuming, what is 
highly probable, that the interior of the earth is a mass of liquid fire, 
then the idea of a magnetic nucleus in the earth must be abandoned, 
for it is found by experiment, that the magnetism of a body is de- 
stroyed when it reaches a white heat. It is, therefore, the earth’s 
crust ony which we may assume to be the seat of magnetic currents. 
That such currents do exist, is by no means improbable, and experi- 
ments seem to show that they are immediately excited by unequal 
distribution of heat. If we regard the aurora borealis [TERRESTRIAL 
Licur] as a luminous discharge of superabundant etism, we can 
understand how this phenomenon should be confined to the vicinity of 
the colder regions, where the earth’s surface is least heated, and the 
magnetic intensity, therefore, the greatest. No less than 146 years 
ago, Halley (‘ Philosophical Transactions’) had boldly ventured to con- 
jecture, that the terrestrial light was a magnetic phenomenon. But 
when the fact became established, that the aurora indicated its 
— by the disturbed state of the magnet in all parts of the 
globe, and the brilliant discovery was made by Faraday, that light 
could be evolved by magnetic power, then a passing conjecture ac- 
quired a degree of probability amounting almost to certainty. 

It is curious that Galileo was inclined to account for the parallel 
direction of the earth’s axis, on the supposition of a distant magnetic 
point of attraction in space. Without entering upon the consideration 


| 

. magnets at 
. different places are found to take place during a display of the aurora 
borealis RESTRIAL LIGHT], 


us connecting that phenomenon 
with terrestrial 


Some philosophers have supposed that earthquakes are accompanied 
by magnetic disturbances; but the great Humboldt doubts this, though 
he was startled by observing, during the violent earthquake of Cumana 
in 1799, “ that the dip was diminished by 48’,” 

Magnetic phenomena appear to be immediately connected with 
meteorological ch Hence it is that meteorology forms an 
important part of the work of a magnetic observatory ; and observations 

‘ of the thermometer, barometer, wind, and weather are made simul- 

with those of the magnets. Violent gales, sudden changes 

of temperature, and rapid barometric fluctuations are generally accom- 
panied by magnetic disturbances, 

Each place on the earth’s surface has its own distinct 


etic 
elements. We have alread 


stated that the freely suspended needle 
does not point exactly ni and south, but to two points near the 
terrestrial poles. These points are called the magnetic poles. When 
the meridian of any place likewise passes through the magnetic poles, 
it is evident that the magnetic meridian coincides with the ial, 
and there is no declination or variation; and the locus of all such 
places is called “the line of no variation.” Again, at places near the 

, the dip needle is horizontal, and the locus of all such places, 
which locus does not coincide with the equator, nor is it an exact circle, 
is called the “line of no dip.” As we proceed towards either of the 
terrestrial poles, the needle becomes more and more inclined to the 
horizon, until we reach the magnetic poles, where it assumes a vertical 


Likewise, also, the absolute intensity of the magnetic force depends 
upon locality. It appears to increase as we proceed from the equator 
to the poles, and the curves which pass through all those places where 

the intensity is the same, are called “isodynamic lines,” These lines 
do not coincide exactly with parallels of latitude, nor with lines of equal 
dip. According to the most recent determination, the north etic 
le is situated very nearly in latitude 70° 5’, and west longitude 96° 47’. 
have supposed the existence of two magnetic poles in each hemi- 
: , the position of the second northern pole being in Siberia, about 
north latitude, and 102° east longitude, The positions which have 
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of a question which we usually refer to dynamical principles, yet it is 
pretty certain from recent observations, that both the sun and moon 
do exert an influence upon the magnet, and philosophers are strongly 
oe to connect the variable phenomenon of the spots on the sun 
with the magnetic condition of our earth. 

For further and more complete information on this subject, and 
subjects closely allied to it, the reader is referred to the following 
authorities : Humboldt’s ‘Cosmos,’ Sabine’s translation; Somerville’s 
* Connection of the Physical Sciences ;’ Young’s ‘ Lectures on Natural 
Philosophy ;’ Brewster’s ‘ Magnetism;’ Faraday’s ‘ Researches;’ 
‘Reports of the British Association for the Advancement of Science, 
on Magnetism and Meteorology ;’ ‘ Philosophical Transactions’ of the 
Royal Society; Barlow on ‘Magnetic Attractions ;’ ‘ Annuaire Mag- 
nétique,’ St. Petersburg, 1836; Gauss, on the ‘General Theory of 
Terrestrial Magnetism,’ in Taylor's ‘ Scientific Memoirs,’ August, 1839 ; 
Gauss and Weber's ‘Magnetic Atlas, Leipzic, 1840; ‘Report of the 
Committee of Physics of the Royal Society ;’ ‘ Magnetical and Meteo- 
rological Instructions of the Royal Society ;’ ‘ Magnetical and Meteo- 
rological Observations made at different Observatories, and printed by 
direction of the British and Foreign Governments, and the Honourable 
East India Company.’ 

Amongst those who have enriched this science by their investigations 
and observations, we may make especial mention gf General Sabine, to 
whom, in conjunction with Sir John Herschel, and the present Astrono- 
mer Royal, is due the establishment of magnetic observatories and well 
organised expeditions, which have furnished upwards of 2,000,000 of 
observations in the course of three years, and who has, ever since the 
year 1819, devoted himself to the cause of terrestrial magnetism. 

But terrestrial magnetism it still in its infancy; much remains to be 
done ; and so simple and inexpensive are the methods and instruments 
of observation, that many would find a delightful and profitable 
amusement in the study—especially in the observance of magnetic 
storms—and thus contribute their mite towards the discovery of “ the 

eat ocean of truth.” : 

TERRESTRIAL TEMPERATURE, DISTRIBUTION OF. The 
subject of the earth’s temperature has already been treated of at some 
length under different headings, Generally, it was shown under 
Ciorate and Merroroxoey, that the temperature of the air in any 
region depends on the inclination of the sun’s rays to the surface of the 
earth in that region; on geographical position and physical conforma. 
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tion, the distribution of land and water, the state of the countries 
from which come the prevailing winds, the vicinity of the sea, the 
elevation of the land, the electrical state of the ——— and 
numerous other circumstances and phenomena. Under GERA- 
tion oF THE GtoBE, the question of the influence of the proper, or 
internal, heat of the globe on its superficial temperature is examined. 
The condition and properties of the ArMosrHERE are investigated 
under that title. Under Syow, Perenniat, the decrement of tem- 
perature on ese rit eee the here is noticed, Under Sxa, 
the temperature of the ocean is considered. Whilst the effects of 
oceanic currents, glaciers, deserts, &o., are treated under those heads 
either in the t division, or in the Naturat History and 
GerocraraicaL Drvistons of this Cyclo The im subject 
of Terrestrial Magnetism is reseryed for a distinct article. Here it 
only remains to speak of some of those general deductions of recent 
investi in climatology which have not been specifically mentioned ; 
and ly have we to do so in reference to isothermal lines, or 
lines of equal temperature, for an account of which, reference has 
been made to this article from IsormerMaL Luves; and to the tempe- 
rature of the atmosphere over the sea,a branch of the subject which 
has been referred to the present article from Sra. - 

In the primitive condition of the earth, when the globe was a fluid 
mass, or in remote geological periods, when its central fluid mass was 
covered with a comparatively homogeneous crust, the effect of the 
radiation of its heat on the superficial temperature must, as Mr. 
Hopkins has shown, have been almost unlimited. But as by this 
radiation it would continue to part with heat till the superficial tem- 
perature approximated to that of the circumambient space, unless the 
radiation were compensated by the generation of heat on the surface, 
which is known not to have been the case, it must necessarily happen 
at some indefinite time (it has been shown to require many millions of 
years), that the internal heat of the globe would cease to exert any 
appreciable influence on its superficial temperature. And this is what 
has now very nearly come to pass [REFRIGERATION OF THE GLoBE]; 
this influence, according to the calculations of Mr. Hopkins, being now 
reduced to less than the twentieth of a degree Fahrenheit. In fact, 
whilst volcanoes, thermal springs, borings for artesian wells, the con- 
tinuous increase of temperature in descending deep mines, and other 
phenomena, afford irrefragable evidence of the higher temperature of 
the interior of the globe, it is as clearly seen that for a short distance 
from the surface the temperature of the earth is dependent on external 
heat and moisture, and varies with the seasons of the year and the 
hours of the day, whilst at a greater, but still small depth—which 
varies according to the latitude of the place, and the conducting power 
of the rock, but nowhere probably exceeds 100 feet—a point is reached 
at which there is no sensible change of temperature, and which has 
accordingly been designated the Jnvariable Stratum. The present 
influence of the internal heat of the globe, although almost inappre- 
ciable, may, however, acording to Dove, be regarded as constant ; 
* lessening the extremes, but not affecting the periods of the variations 
of temperature at the surface,” 

When the influence of the internal heat ceased to be 
the surface, changes of temperature must have been in a measure 
due to the altered conditions of land and water—the elevation of 
mountain regions, the subsidence of extensive areas, and the conse- 
quent changes of oceanic currents—to glacial action, &c.: circumstances 
of which the results are clearly traceable in the animal and vegetable 
remains rved in the various strata which compose the crust of 
the ocd, aul some of which (as notably in the case of the Gulf 
Stream and the Arctic Current) are shown by the remarkable in- 
flections of isothermal lines to be distinctly operating now. (Hopkins, 
* Trans. of Geol. Soc.,’ and ‘ Cambridge Phil. *) 

In considering the Rigo temperature of the earth, the sun must 
be regarded as the only source of heat and the ultimate cause of all 
climatic change, and hence we arrive at the possibility of ascertaining, 
amidst all casual fluctuations, a ly recurring periodicity, annual 
as well as diurnal, for every variety of geographical position, The 
bearing of this periodicity on a theory of the general distribution of 
heat appears to have been first distinctly observed by Kirwan, who 
(in vol. viii. of the Irish ‘ Transactions’) constructed a table of monthly 
temperatures for all parallels of latitude between 10° and 80°, Before 
the difference of temperature on the same parallel of latitude in the 
old and new continents was known or regarded, a simple formula was 
thought sufficient to express the temperature at any parallel of 
terrestrial latitude. The celebrated Tobias Mayer, from such mean 
temperatures as had in his time been observed, found that the tem- 

ture ¢ (on Fahrenheit’s scale) at any place might be represented 

t—52° sin.’ L, where 7 is the mean temperature at the equator, and 
1 the geographical latitude of the place; and in 1819 M. Daubuisson 
(‘ Traité de Géognosie’) — the more accurate formula ¢ =27° 

e scale); which being adapted to Fahrenheit’s scale, 
ering mean temperature at the equator to be 81°, becomes 
$2° + 49° cos.2 4, This formula has been found to serve for tempera- 
tures in Europe as far north as the latitude of 60°; but beyond that 
parallel it is useless, as it su the temperature at the geographical 
pole to be 32°, which is much too high. 

It was however reserved for Humboldt to determine (1817) from the 
registers of observed temperatures in Europe, and from the numerous 
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observations made by himself and other travellers in different 
of the world, the constancy of the mean annual temperature of p) 
and to “connect graphically by lines those points where accurate 


observations indica ey bl mean periodic tem: re.” Those 
lines (or curves sup to be traced on the of the earth) 
which connect the places where the mean annual tem: ure is the 
same he called Jsothermal lines, In order to ascertain with the utmost 


ble precision the mean temperature of any place from the tables 
kept, Humboldt divided the sum of all the temperatures observed 
in each oy at intervals of one hour by the number of observations ; 
and the sum of all these mean daily temperatures being divided by 
$65, gave the mean annual temperature. And in di the 
series of points for his lines of equal temperature, when there existed 
no observations on which he could depend, he interpolated the tempe- 
rature and geographical position between the values of those elements 
at two or more places where they were well known. 

The diagram on next page represents an orthographical projecti 
on the plane of the equator, of the principal meridians and 7 
latitude in the northern hemisphere of the earth; and the strongly 
marked curves represent the nine isothermal lines whose forms were 
determined by Humboldt. Their distances from one another are such as 
correspond on the earth to a change of mean annual tem ure equal 
to 2'5 degrees of the centigrade thermometer (4°5° of Fahr.), and the 
most northern curve is that on which the mean temperature is ex- 
pressed by zero on the former, or 32° on the latter scale. The number 
on each curve in the diagram expresses, according to Fahrenheit’s ther- 
mometer, the mean annual temperature, at the level of the sea, of all 
the places through which the curve passes, The centre P represents 
the pole of the earth, and the longitudes of the meridian lines are 
numbéred eastward and westward from the meridian of Greenwich, 

The isothermal line of 32° passes about 4° southward of Nain, a 
Moravian settlement on the coast of Labrador; and under the influence 
of the gulf stream, makes a remarkable inflexion, ascending as high as 
North Cape in Lapland, where it abruptly returns southward, and 
attains its lowest limit in the eastern parts of Asia, about 50° N. lat. 
Proceeding westward from Labrador the curve crosses the lower 
extremity of Hudson’s Bay, from whence it again tends northwards to 
the Great Slave Lake, reaching its northern maximum in about 70° N. 
lat. The positions of the other curves seem to be affected in a greater 
or less measure by the same influences as act upon the curve just 
mentioned. In their progress from the western coast of Europe to the 
eastern coast of America they incline towards the terrestrial equator, 
yet so that the southern curves approach near to ism with that 
great circle of the earth. Within the territory of the United States 
they assume a form which is convex to the equator, and farther 
west they appear to reascend towards the north. In the isothermal 
lines of 50° and 60° westward, and those of 40° to 10° eastward of the 
meridian of Greenwich the curves haye their convexities turned north- 
wards ; and farther eastward they descend towards the equator. The 
isothermal line of 54'5° is one that has been traced nearly round the 
earth: commencing at the mouth of the Columbia, on the western 
coast of North America, it passes south of Council Bluffs, and near the 
city of Washington with its convexity towards the south; and after 
crossing the Atlantic it runs between Paris and Bordeaux, from whence 
it continues to a point a little north of the city of Pekin, where it is 
again convex towards the equator. 

But it must be remembered that in every country the mean tem- 
perature varies with the height of the place above the level of the 
sea; and Humboldt, from observations made as well on the 
as in Europe, having determined that at every 343 feet the mean 
temperature of the air is diminished by a quantity equal to that dimi- 
nution which is consequent on an augmentation of latitude equal to 
one degree, calculated a table of the corrections which should be made 
in the curvatures of the isothermal lines at the level of the sea, in 
order to obtain the forms of those which appertain to points at any 
given elevation, but this calculation, as pointed out under CrimatE 
(col. 968) does not hold with strict accuracy for places situated 
without the tropics, 

The differences between the mean summer and mean winter tempera- 
tures Humboldt found to be very considerable at places whose mean 
annual temperature is the same ; and these differences are not equal in — 
the Old and New Continent. On the isothermal line of 32° in 
Europe, that difference proved to be “0 to 39°6°, and in America to 
54°; and on the isothermal line of 68° the differences were respec- 
tively 21°6° and 27°. He also remarked that the differences between 
summer and winter are least near the northern, and near the 
southern bends of the curves. To indicate these variations, Humboldt 
laid down other lines. The curves formed by connecting, on the 
isothermal lines, points at which the mean temperature of summer is 
the same he called Jsotheral lines; and those formed by enna 

ints at which the mean winter temperature is the same J i 
ines: both these systems of lines he found to deviate more than the 
isothermal lines from the parallels of terrestrial latitude, 

Humboldt, in the first volume of his ‘Cosmos,’ expressed a that 
not only a clearer insight had thus been gained into the distribution 
of heat in the atmosphere, but that this “system of Isothermal, 
Isotheral, and Isocheimal lines, if gradually perfected by the united 
efforts of investigators, may prove one of the chief foundations of a 
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165 
Comparative Cli ” In this he was no doubt fully 
justi sti nd but one ofthe most profound o is followers, Professor Dove 
of Berlin, was led to ion, as the result of the tabulation of 
an enormous mass of observations, (‘ Meteorologische Untersuchungen, 


Berlin, 1837 ; ‘ Temperaturtafeln, 1849; ‘Die Verbreitung der Wirme 
auf der Oberfliiche der Erde,’ 2nd edit., 1853; ‘Kli ische Beitrige,’ 
1857, &c.,) that it was necessary, in order to understand the true climate 
of a: place, to carry this system of lines of equal temperatures much 
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tures in different latitudes, as well as 
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places of nearly the same mean annual temperature formule expressive of the most important general results. We shall 
Feahmiabib thcitibly vaciaticna, nnd to which ere dus the roost marked in this place merely add that Dove has deduced as the result of his 
differences in the general character of the climate and natural pro- | tabulation of innumerable observations, that the mean annual tempera- 
ductions of the respective Dove in short concluded that it was | ture at the surface of the earth is in January 48°9 Fahr. in the 
to have a com series of M. Teothermals,—a name | Northern, and 59°°5 in the Southern hemisphere, giving a mean of 

he ny gh ag: places having equal | 54°2 for the whole earth; while in July it is 70°9 Fahr. in the 
temperatures in same month, instead of carrying further the | Northern and 53°°6 in the Southern hemisphere, or 62°:3 for the 
terminology of Isotheral and Isocheimal: the lines of equal annual | whole earth, thus showing an increase of 8° Fahr. from January to 
oe propo to call Yearly Tuthrmals taatead of simply July. Again if we take “the mean between the tem: ures of 
with Humboldt, Of these cathy Tatheerinala, Dove hes January and July for the northern and southern hemispheres 

for the northern hemisphere 59°-9, and for the 


58°-2 for the whole earth.” Further he 

in has found that in all seasons of the year there is encompassing the 
lines which he terms Jsabnormals, | whole earth a zone having a temperature above 77° Fahr. — - 

Anis maps, tables, and memoirs altogether present a surprising | The following tables, by Dove, show the mean annual temperatures 

mass of information on this branch of science, with the greatest | at different degrees of de in the two hemispheres, and the 

i ion of Heat | mean ual decrease of temperature from the equatorial to the polar 
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over the Surface of the Globe,’ : 
2 phd y Isothermals which he has established Mean Anyvab TEMPERATURE OF THE NORTHERN AND 
meer ars Sournern HEMISPHERES, 
“1, Isothermals which are always found in ge foney= Sopa 
eee ensee oS bebaers £8 and 77" I Latitude, | Northern Southern | pierence. | Mean. 
#2. which are sometimes single and sometimes in pairs, * | Hemisphere, | Hemisphere. 
that is, sometimes intersecting one or other hemisphere only, and 
sometimes both: to this class many of the isothermals * © © © 
below the freezing point, and some of those of highest tempera- a a nS rt Ha 
liane oe sa y hee example, - 77°6 #41 8-4 75°8 
. : | 8 69°8 66°9 29 68°3 
“%, Isothermals which always occur singly (or in one hemisphere * 
only), at a season, not touching iin other prt of the - as ae ae gh 
Teces itches om re or and 90°5 Fike) Which , bende DeckEASE or TEMPERATURE FoR THE Entire Eartu. 
Sap get isolated patches st highest ienpeuniiee wha are Latitude . ° «| 0°—10° | 10°—20°} 20°—30°} 30°—40°| 0°—40° 
an seals yoankyelin 9 a is hothoemale tee tnde 
meridians, and are enclosed by isothermals that fork, re f , ; f 
that is, divide into two branches, (79°25, and 81°°5 Fahr.).” Prater oni te as ee a MR 
Having thus briefly indicated the character of the several Isother- 
mal lines, we refer back to the articles CLimaTr and Merroronocy,| | Bath - + + + 08 32 m4 | 188 | 248 
_ where, and in the connected articles there referred to, the circumstances 
eet ee the temperature of the earth will be | We now turn to the distribution of the atmosphere over the sea. 


also various details illustrative of the | [Sza.] It is a well established fact, that places near the sea have a more 


temperature of parts of the earth’s surface; together with climate than those which are at great distances from it, though 
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in the same latitude. Inland places experience a much greater degree 

both of heat and cold than places on the coast, and 

between these degrees of heat and of cold increases with the 

ody an ae drm own ear akg it 

© OX ion is now y , since 

ged Brypegper that the tem of the air over 
P subject to changes than, or does not su 
changes as, that of the air which is over the land. 
rature of countries situated between the tropics 
great changes as that of countries in the temperate zone, and 
again are less affected by them than the frigid zone, so it is found to 
be the case on the sea also. es en Be sae ee 
division of time, the day, it is found between the tropics the 
difference of temperature within 24 hours seldom exceeds 2 degrees 
of Fahrenheit, and rarely amounts to more than 3 degrees. The 
following table, from M ’s ‘Reise um die Welt,’ shows the changes 
of temperature on the sea during 24 hours between the tropics :-— 


1830, October 25; lat. 14° 17’.N., long, 26° 37’ W. 

. 79°88? 9h, 80°96? oh, 8114? 
80 06 10 80°96 81°14 
80°06 11 80°96 8i-14 
80-06 12 80°96 80°96 
79°88 1 8114 80°78 
79°70 2 81°50 80°96 
79°70 81°96 
79°70 81°68 


The difference between the highest and lowest temperature is only 
226°. The mean temperature of the day is 80°65°, which is only 0°95° 
above the lowest and 1°31° below the + temperature. It must, 
however, be remembered, that during the day to which these observa- 
tions refer, the vessel on which they were made advanced through 
nearly 14 degrees of latitude, which of course must have had some 
effect on the temperature. 

There is a greater difference in the daily temperature of the sea 
within the temperate zone : though when compared with the changes 
which occur in any place situated in the same zone, but not immediately 
on the shores of the sea, it will be found considerably less than in the 
latter. The following table from Berghaus, of the changes on the sea, 
may be compared with the changes in the temperature of London in 
the middle of March :— 


March 16; lat. 31° 0’ N., long, 64° 11’ W. 
43°7° 9b, 446° 5h, 
43°7 10 44°6 6 
43-7 1) 44°6 7 
437 12 44°6 8 
44°6 1 46°4 9 
44°6 2 45°5 
44°6 3 44°6 41-9 
44°6 4° 437 42°8 


The difference between the maximum and minimum of the daily 
tem ure in this table amounts to 5°4°, and the mean temperature 
of the day is 43°7°, The maximum is 2°7° above the mean tempe- 
rature, the minimum is 2°7° below it. 

We come to the same conclusion that the temperature of the air 
over the sea is subject to less considerable changes than that which 
surrounds the land, when we compare the changes that occur during 
the seasons, Looking at the difference of tem between the 
hottest and coldest season in ‘haus’s tables, we find that this differ- 
ence is much greater, and at the same time more irregular, in the 
northern than in the southern hemisphere. But this seems to be due, 
in a great measure, to the influence of the Arctic current and to the 
difference between the winter and summer temperature, owing to 
the nce of vast masses of ice, which during winter extend as far 
south as 40° pepe eee ee 25° the increase of the mean 
temperature of the spring is tolerably regular, rising from 44° to 5° for 
every 5 degrees of latitude, The, other irregularities = evidently 
produced by a r increase of the heat in summer. The mean 
temperature of the summer increases pretty regularly between 55° and 
45° by from 2 to 4 for every 5 degrees of latitude. But 
between 45° and 40° it rises suddenly to more than 6 degrees, This 
sudden rise is, no doubt, produced by the warm vapours arising from 
the Gulf-stream [ArLantic Ocean, in Gzoo. Drv.], which in these parts 
runs across the Atlantic. Another rise of more than 6 d occurs 
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43°7° 
42°38 
41°0 
41-0 
41-0 
41°9 
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; eastward from the western side of 
the Atlantic towards the eastern, and then bend downwards towards 


the south, indicates, as Maury the 

shores in the North Atlan a large volume of 

return current of the Gulf stream. 
When two elements, such as air and water, 


Dove has ted out, the prime cause of the southern ¢ 

beings & region OF anti Withess ied anal (wiclinaen, wikia She Seal 

is characterised by cool winters and hot summers ; an ncrening eae 
Lick bantgiing Weedon te passing from 

nation 

an increasing quanti! 

mild winter of ye 


the other half of the 


aqueous ur is set free in the northern in 
snow.” (‘ ha Distribution of Heat,’ p. 26, . translation.) 
TERRIER, from the French word ‘errier, a land-book, a register or 


me, fyb ay Those best known in this country are the ecclesi- 
astir 


parish. They ought to be si 

also signed by the church: 

bitants of the parish. Their phigh ecdss 
us 


against Pp the ceete 
inhabitants who signed it. The questions in respect of which a terrier 
is generally ry ey as evidence are those relating to the glebe, 
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iven to persons by which they might recognise one another. In this 
— however helenae were probably small tablets marked with 
certain signs. ee mtn ot 8 ee geet val 

when a connection of hospitality gave to one another, 
See Neda idler wigs afterwoots recone one another, and 
it that a tessera in this case was marked with the figure of 
J hospitalis. (Plautus, ‘ Poenul.,’ v. 1,25; 2,87,&c¢.) Tessere 
frumentarie, or nummariz, were occasionally given at Rome to the 
poor to serve as a token or ticket, on the presentation of which they 

a certain amount of corn or money. (Sueton., ‘Aug.,’ 40; 

commenced 


(Virgil, ‘ 2n.,’ vii. 637, with the rae poss picer: a 
iT P. of paper impregna’ certain reagen’ 
x by chemists for detecting the presence 


NEW. Some critical disputes have 
arisen respecting the meaning of the word Testament, as applied to the 
Canonical Scriptures. These, under the name of the two Testaments, 


| 
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Latin one, 


o more approprial 
geet rahe yard ese Its appli- 
cation to the books of the Old was defended by St. Jerome (among 
other authorities of equal weight), on the ground that “ Testamentum 
non defunctorum sonat, sed pactum viventium.” The 
books of the Old and New Testament are noticed at length under their 
respective titles; their inspiration is treated of under REVELATION : 
see also Scrrerures; Brste; Apocryrna, &c, 

TESTAMENTS OF THE TWELVE PATRIARCHS, a Greek 


work which coos nade viel aertishe td apart 
sons of Jacob, but which is considered to be undou! ly spurious 


the 
all writers except Whiston, who accepts it as a part of the canon of 
the Old Testament but no weight can be attached to his judgment 
* on matter. 


The ee ee ee ee Sas Tt is once 
quoted by Origen, who flourished about a.p. 230. most probable 
that of Cave and Lardner, who suppose it to have been 
Bly ewe convert to Christianity about the end of the 2nd 


It appears to have been the writer’s object to foist his work into the 
since, though he makes frequent quotations from the books of 
the Old Testament, he never mentions any of them by name. The 
ee 


published an ish translation 
(Lardner’s Credibility, part ii., c. 29, § 3, and the authorities there 
uoted.) 
. TESTE OF A WRIT. [Wrrr.] 
TESTIMONY. crac 
TESTIMONY, PERPETUATION OF. ([Perretvation or Testt- 


MONY. 
TONE or TESTOON. [Movyey.] 
, CHEMICAL, or , are those substances 
which are employed to detect the presence of other bodies, by ad- 


pearance properties : thus, for example, as the blue colour of 
litmus is turned red by acids, it is considered as and used for a test to 
determine their presence when uncombined or in excess : so also litmus 
which has been reddened by an acid has its blue colour restored by 
the action of an alkali : litmus is therefore used as a test of 
the of free or uncombined alkalies. 

. + Aw akegeaas seed hptencinno Miner taes Seberang 

L to explain the meaning of the term chemical test, 
observing that change of colour is one only of the many alterations 
adduced in proof of chemical action: thus the solubility of certain 
substances in some re-agents and not in others, constitutes another 
criterion or test of the nature of bodies. 

We cannot enter particularly into this subject, for its extent is 
equalled only by its importance ; and it is the less requisite that we 
should do so, since, in describing the various metals, &c., the tests of 
their are usually given with the properties of their salts. See 
also Cuem1can ANaLysis. 

TE/TANUS (réravos, derived from telvw, to stretchy is both a generic 
and a ific term : generically, it may be defined to be a more or less 


and ri ye gerd all of the les of vol 
Saeenthe sone alse pee bbenlaciy applied (en-will be soon borenttes) 


to one of the species of this affectioh. Both the disease and also its 
name are as old as the time of Hippocrates; and, as it is proved by 
experience to be much more frequent in warm climates, the ancient 
physicians probably had uliar advantages in observing it, and 
accordingly seem to have paid particular attention to it. 

“Tetanic spasms,” says Areteus (‘De Caus. et Sign. Morb, Acut.,’ 
lib. i., cap. 6, p. 6, ed. Kiihn), “are attended with severe pain, and 
prove rapidly fatal, and by no means readily admit of relief; they 
make their attack on the muscles and tendons of the jaws and neck, 
but im the disease to every other spot, for all parts become 
ype etically affected with those which were primarily assailed. 

are three forms of the convulsions: the straight, the backward, 
and the forward. The straight one is true Tetanus, when the patient 
is stretched ight and inflexible; the backward or forward varieties 
have their name the direction and locality of the tension ; hence 
the deflexion of the patient backwards is termed opisthotonos (émo06- 
tovos), from the nerves being affected in this direction; while, if the 
ing be forward, by the nerves in front, it is termed emprosthotonos 
(€umpoa@drovos), for tonos (révos) is a term which signifies both a nerve 
and tension.” 


The three forms of the disease mentioned by Aretzus are described 
by most of the ancient writers : the nei called trismus, or locked- 
jaw (which is the name applied to it when the 5; are confined to 
the muscles of the jaw or throat), forms a fourth in modern authors ; 
and to these has been added a fifth, under the name pleurosthotonos 
vient stone which signifies that the body is drawn to one side. 

different terms applied to tetanic affections do not imply so 
many particular diseases, but only the seat and various degrees of one 
and the same complaint. Trismus is invariably a part of each of the 
other varieties, is subdivision of the disease is of little or no 
practical importance; but a much more essential division is into acute 
or chronic, according to its greater or less intensity. The former 
kind is exceedingly dangerous and usually fatal; while the latter, on 
account of the more gradual _—— of the symptoms, affords more 
portunity of being successfully treated. (Larrey, in ‘Mém. de 
ilitaire’ tome i.) Tetanus is also divided into traumatic, 
or that arising from a wound, which is also occasionally termed 
symptomatic ; and into idiopathic, or that which proceeds from other 
causes, 

Traumatic tetanus sometimes comes on in a surprisingly sudden 
manner, and quickly attains its most violent degree. The most 
rapidly fatal case that has ever been recorded is one that we have on 
the authority of the late Professor Robison of Edinburgh. It occurred in 
a negro, who scratched his thumb with a broken china plate, and died of 
tetanus a quarter of an hour after this slight injury. Most commonly, 


however, the approaches of the disorder are more gradual, and it 


slowly advances to its worst stage. In this sort of case the commence- 
Meee of the erste is announced by a sensation bat stiffness about the 
neck, a sym ich, increasing degrees, ers the motion of 
the head di heccrdh ne In proportion as the rigidity of the 
neck becomes greater, the patient experiences in the throat a sense of 
dryness and soreness, and about the root of the tongue an uneasiness, 
soon changing into a difficulty of mastication’and swallowing, which, 


ey | after a time become totally impossible, The attempt at deglutition is 


attended with convulsive efforts, especially when an endeavour is made 
to swallow liquids; and so great is the distress which accompanies 
these convulsions, that the patient becomes very reluctant to renew 
the trials, and occasionally refuses all nourishment; sometimes it even 
inspires him with a dread of the sight of water, and a great resem- 
blance to hydrophobia is produced. 

With respect to the causes of tetanus, “it must ever be regarded,” 
says Dr, (‘Theory and Practice of Med.’), “as a very singular 
fact in pathology, that an affection of so peculiar a character as this 
should have its source in causes apparently so dissimilar; that the 
puncture of a nerve, the laceration of a tendon, or an extensive burn, 
should bring on the same ‘ind of nervous affection as that which is 
the occasional consequence of cold.” Every description of wound, no 
matter how inflicted, or in what part, or in what stage, may be the 
occasion of tetanic symptoms which form the species denominated 
traumatic, Cases are on record wherein the patient was attacked with 
the disease in consequence of a bite on the finger from a tame sparrow ; 
in which it supervened on the mere stroke of a whip-lash under the 
eyes, though the skin was not broken; in which it was occasioned by 
a small fish-bone sticking in the pharynx; by a slight solution of con- 
tinuity in the external ear from a musket-shot; by the application of 
a seton to the thorax; by the stroke of a cane across the back of the 
neck; by a blow on the hand from the same instrument; by the 
extraction of a tooth, &c. In short, according to Sir James M‘Grigor, 
“it occurs in every description and in ev of wounds, from 
the slightest to the most formidable, from the healthy and the slough- 
ing, from the incised and the lacerated, from the most simple and the 
most complicated.” ) 

Next in frequency to wounds as an exciting cause of tetanus is 
exposure to cold and damp; indeed there are but very few cases of 
true idiopathic tetanus which are referrible to any other. The 
irritation of worms and other disordered states of the alimentary canal 
have been considered by some authors as the cause of tetanic affections. 
To generate this form of disease, however, it would appear that a 


m7 TETANUS, 


TETRACHORD, 


tes as an accessory cause of the traumatic tetanus. 
pr tion to tetanic affections is vn Rall od ma 
warm climates and warm seasons. Wi the tropics therefore it 
yvails to an extent unheard of in colder latitudes, ndly, tetanus 
e chiefly observed to prevail when the atmosphere is much loaded 
with moisture, and particularly where this has suddenly succeeded to a 
long course of dry and sultry weather. Even in this country exposure 
to the cold and damp air of the night has occasionally been followed by 
an attack of tetanus. In tropical climates children are cular! 
subject to this complaint, and with a few peculiarities which, though 
producing no specific difference, have been thought sufficient to con- 
stitute a variety known by the name of trismus nascentium. The 
disease in this case is vulgarly known by the absurd name of falling of 
the jaw. It ocours chiefly between the ninth and fourteenth day after 
birth, and seldom after the latter period. Without any febrile acces- 
sion, and often without any perceptible cause whatever, the infant 
sinks into an unnatural weariness and drowsiness, attended with 
frequent yawnings, and with a slight difficulty of moving the lower 
jaw. This last symptom takes place in some instances sooner, in 
others later, and soon increases in intensity. Even while the infant is 
yet able to open its mouth, there is occasionally an inability to suck or 
swallow. By d the lower jaw becomes rigid, and totally 
— the introduction of food. There is no painful sensation, 

t the skin assumes a yellow hue, the eyes appear dull, the spasms 
often extend over the body, and in two or three days the disease proves 
mortal. 

The prognosis of this disease is mainly to be determined by the 
nature of the exciting cause, and by the type of the seizure. Tetanus 
of the idiopathic kind has certainly been cured in a larger proportion 
of cases that which follows external injury. The type of ithe 
disease as acute or chronic is a no less important guide as to the 
probable termination. It may be said that recovery in a case of acute 
tetanus is almost, if not altogether, hopeless; the chronic form, how- 
ever, is of a much milder character. The usual termination of the 
disease may be stated to occur on the third or fourth day; and if 
the patient survives that time, there are hopes of his recovery ; 
it is rarely beyond the eighth day. Mr. Cooper, however, 
mentions (‘ Surg. Dict.’) that he had a patient (who had been wounded, 
and suffered amputation of the thigh) who lingered five weeks with 
chronic tetanus before he died. 

The dissection of patients who have died of tetanus has thrown 
little or no light upon the real nature of the complaint, as is indeed 
the case in almost all spasmodic or neuralgic disorders, Sometimes 
slight effusions are found within the cranium, but in general no 
morbid appearance whatever can be detected within the head. There 
is always more or less of an inflammatory appearance in the msophagus, 
and in the villous coat of the stomach about the cardia, These 

ces, however, are common to a great number of diseases, and 
are uniformly met with in every case of rapid or violent death, 
Besides the redness and increased vascularity of these parts, Baron 
Larrey found the | pe one and oneete much contracted, and 
covered with a viscid reddish mucus. He also found numerous lum- 
brici in the bowels of several of the patients who died; but this, as 
Mr, Cooper remarks, could only be an accidental complication, and_not 
acause, In several cases Dr. M‘Arthur found the intestines much 
inflamed; and in two of them a yellow waxy fluid, of a peculiar 
offensive smell, covered their internal surface; but whether the in- 
flammation was primary, or only a consequence of the pressure of the 
abdominal muscles, which contract so violently in this disease, he is 
unable to decide. (‘ Med. Chir. Trans.,’ vol. vii., p. 475.) 

The treatment of tetanus is confessedly a subject of infinite difficulty, 
as the disease frequently baffles every mode of practice, and, in certain 
instances, gets well under the employment of the very same remedies 
which decidedly fail in other similar cases. Upon the whole it will 

bably be universally admitted that no effectual remedy for tetanus 
“s yet been discovered, as every plan has occasionally succeeded, and 
every plan has still more frequently failed. An excellent abstract of 
the opinions of the ancients on this point is given by Mr, Adams in his 
Notes to Paulus Agineta. 

The general principle of cure, as ‘Dr. Good remarks, is far more 
easily explained than acted upon: it is that of taking off the local 
irritation, wherever such exists, and of tranquillising the nervous 
erethiam of the entire system. The former of these two objects is 
of great importance in the locked-jaw, or trismus, of infants; for, 
by removing the viscid and acrimonious meconium, or whatever other 
irritant is lodged in the stomach or bowels, we can sometimes effect 
& speedy cure without any other medicine, Castor oil is by far the 
best aperient on this occasion, and it may be given both by the mouth 
and by injections. If this, however, do not succeed, we should have 
recourse to powerful anodynes; of these the best is opium, which 
should be administered in doses of from three to five drops of the 
tincture, according to the age of the patient. Opium has also been 
more extensively resorted to in the cases of adults than almost any 
other remedy ; and Dr, Good, Dr, Gregory, and others profess that it 
is that on which they place their chief, if not their only reliance. To 
give it a fair chance of success, we must begin its use from the earliest 
appearance of tetanic symptoms, It must be given in very large 


certain og mera is also requisite, and it is doubtless the same with 
that which opera 
The predisp 


doses; and these doses must be repeated at such short intervals as 
to keep the system constantly under the influence of the remedy, It 
is to observe how the human ree labouring under 
a tetanic disease, will resist the o of and 

which, in its healthy state; 
overpower and destroy it. It is 
laudanum, and to repeat this 
even oftener if the urgency of the symptoms 


ingly to be pushed 

tion arise. When they have occurred, and are found to be 
opiate enemata and frictions may be tried; but we must not an’ 
much benefit from such feeble means. Such are Dr. 
remarks ; but Dr. Symonds considers that the em it of 
is recommended chiefly by systematic writers, for 
rather than for practical reasons; while most of those who the 


results of their own experience express the greatest di 


practice such jarenigeie >t pbac of their strong revulsive influence on dis- 
eases of the cere! inal centre, The testimony of the physicians, 
as we learn from the report of Sir James M‘Grigor, a highly in 
favour of a rigid perseverance in the use of ives, given it 
adequate doses to produce daily a full effect. Dr. For 
solution of sulphate of magnesia in infusion of senna was found 
answer better any other purgative; and it was daily 
sufficient quantity to produce a bo mato evacuation, 
always dark-coloured and highly offensive; and to this 
he chi ay attributes in one severe case the removal 
Yang a meee d vol. vi, p. nag quoted by Mr, y 
condemns tic purgatives, es a 

ones have no effect. Strong cathartics have indeed frequently pro 
of great service, and none has higher repute than croton oil. 

he employment of the warm bath has been recommended 
numerous writers, but it would be difficult to trace jin their acco 
any facts which decidedly show that its ‘adoption was ever 
by unequivocal benefit. Cold bathing has been advised, but it 
has generally been found to be worse than useless; a 
—— cases upon record of almost instant death having followed its 
employment, 

he practice of bleeding is another that has been tried, but most 
frequently without effect. In some few cases amputation of the limb, 
from the injury of which the tetanus has arisen, been successful ; 
but as this extreme measure is also very uncertain, it is not likely to 
be ever extensively adopted. 
~ Numerous other remedies have been tried, with no, or very imper- 
fect, success; for instance, acupuncture, strychnia, me , caustics, 
blisters, tobacco, oil of turpentine, ether, camphor, musk, wine, 
sesqui-oxide of iron, &c., &c. However, it must, after all these haye 
been tried, be confessed that tetanus is one of the most formidableand 
unmanageable of disorders, and that the recovery in the acute form 
still continues to be almost hopeless, 

TETRACHORD, the Greek name for any part of the scale con- 
sisting of four notes, the highest of which is a perfect fourth to the 
lowest, Thus in the common diatonic Scate (we assume a knowledge 
of this article throughout) we have the following tetrachords :— 


CODER, 


plekpels 
< cued ageet! 


DEFG, EFG@A, GABC, ABOD, 
We despair of giving anything like a satisfactory account of the 
Greek music ; not that we think the difficulty lies in the Greek writers, 
but in the manner in which they have treated. It was an 
assumption that the nation which produced models such as the moderns 
could not surpass in architecture, sculpture, and perhaps in pai 
was to be considered as necessarily of a system of mi 
nepeenesieg to perfection. Their writers on the subject were to be 
as having an ent with each other, was to be 
detected and establi any apparent pengph re however evident, 
notwithstanding. The numerical relations which were the objects of 
inquiry in the settlement of the parts of the scale gave the subject the 
air of an exact science ; and explanations which required the assistance 
of the scholar, the mathematician, and the musician, were undertaken 
by persons who were deficient in one character, if not in two. The 
consequence has been such a mass of confusion as the world never saw 
in any other subject; writers whose undertakings required them to 
say something, copying absolute contradictions from different other 
writers; others to adopt anything intelligible, whether true or 
not; others again, unable or unwilling to state the simplest facts of 
their,own premises, so that their readers are not even made aware 
which of the most remarkable opposite ir, they mean to adopt. 
We intend in the mt article, without looking into modern 
writer, to draw from Ptolemy and Euclid, writers who are 
be trustworthy on other subjects, all concerning the tetrachord that 
we can find to bear the character of certainty and precision, and to be 
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it was what we now call diatonic (a 
us as with the Greeks), was minor in its character, 


It is also known that the Greeks were early in possession of the mode 
of dividing a string so as to produce their several notes ; and that, by 
the time of Ptolemy at least, they took the rapidity of the vibra- 
tons om which they new the pita to depend) to be inversely as the 
scales were numerous: three were considered classical, if we 

use the word, and were called enharmonic, chromatic, and dia- 
lh | ibe wae Sat words not having the same meaning as with us. 
The i scales had names of locality attached to them, Lydian, 
Dorian, &e. distinction between these lay in the different modes 
of dividing the octave, as seems to be now agreed, though 
there have been those who have thought that these terms, Lydian, 
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the vibrations, next by the number of mean semitones contain, as 
in the article Scare. We prefix the Latin rendering of Ptolemy's 
appellatives from Wallis. 


And first as to enharmonic scales, which are mentioned first, and 
seem to have been ancient, and regarded with high approbation. 


Ratio of Numbers ¥ 
Mean Semitones 
of Vibrations in each 

t i in each Interval, 
cP PQ QF CP | PQ; QF. 
Archytas . é . 5:4 (36: 35 | 28; 27|| 3°86 | -49 | 63 | 

Aristoxenus Eratosthenes . ./19; 15/39: 38/}40:39)| 4°10) 44 | *44 
Didymus . * ° Sy: 4 | 31: 80) 32: 31)) 8°86 | 57 | °55 | 
Ptolemy . . . ‘ 5:4 | 24; 23/)46;45)/ 3°86) +74 38 | 


It seems then that the enharmonic system would allow only of the 
following notes in an octave— 


CEPFGBQO; 
where P means a note SiG Nall Gay DeRosa 2, se Soho ett 


ar | 

+ 224/28 ; 27) 
30 : 29) 3-79 

80:77) 3°63 

20: 19) 

16 : 15) 3°16 


28: 27 
22: 21 


Didymus +| 6 
Ptolemy, mollis Chromatica ce 


To make something as like as we can to these scales, we should 
write down in modern music ; 


cm Bra wm By ot 
The diatonic scales, Ptolemy allows, are more agreeable to the ear, 


and his specimens are as follows: we shall now write the scale with 
the usual letters throughout, 


Ratio of Numbers ; 

of Vibrations in each || Mean Semitones 

Interyal, ; 

cD DE EF CD | DE| EF 

Archytas . . 9:8 | 8:7 | 28:27 || 2°04 | 231] 63 
Aristoxenus, mollis Diatonica 7:6 |38: 35) 20:19 || 2°67 | 1-43) +88 
Do,, intensi Diatonica . 17 : 15/19; 17} 20:19 || 2917 | 1:93] -88 
Eratosthenes* . ’ +} 938 | 9:8 |256 ; 243|| 2°04 | 204] +90 
Didymus . . . « | 9:8 [10:9 | 16:15 || 2°04 | 1°82 | 1:12 
Ptolemy, mollis Diatonica 8;7 |10:9 | 21; 20 || 2°31 | 1°82] +85 
Do,, tonici e | 938] 8:7 | 28: 27 || 2°04/| 2-31 | -68 
Do., intensi Diatonica . 10:9 | 9:8 | 16:15 || 1°82 | 2°04 | 1°12 
Do., equabilis Diatonica 10:9 |11: 10) 12:11 |} 182 | 1°65 | 1°51 


These scales have all so far the diatonic character that they divide 
the tetrachord into two larger intervals followed by a smaller one: the 
seale of Didymus would haye been exactly the modern untempered 
diatonic , if he had inverted the order of the two larger intervals 
in his second tetrachord, As to the other modes, the Dorians, &c., 
there is much confusion in Ptolemy respecting them, arising from the 
eorruptness of the text, which Wallis has endeavoured to remedy. 
According to him, there are divisions of the octave, somewhat more 
fantastic than those which precede. In more recent times the idea has 
been started of their being simply different keys, or rather answering 
to different variations of the diatonic scale, by using intermediate 
semitones instead of some of the notes: it would be difficult, we 
think, to produce authority enough for this conjecture. 

If it were true, as supposed, that the two octaves of the Greek 
scale, begi say with a, were minor, it would follow that Ptolemy, 
in his diatonic age wager tooth grat! hod wht ey etl 
supposed. Accordingly, principal mode of exhibiti e forma- 
tion of acelin Ste tore intcichenshe elit Soma saeid be the one 
we have taken, namely, 


(c D B F) (@ a B CO) 
But it is frequently supposed that it was the following :— 


o {p » F (a} a B @) 
or the following— 


a {po pv (e&} BF @ a) 


On this point we shall only say that there never was, we believe, 30 
strong a union of the three characters of scholar, mathematician, and 
musician, as was seen in Dr. Smith, the author of the Harmonics. He 
had studied the Greek scale attentively, and to him the firat of these 
methods was a matter of edurse. “The Greek musicians” (‘ Har- 
monies,’ 1749, p. 45), “after dividing an octave into two-fourths, with 
the diazeuctic or major tone in the middle between them, and admitting 
many primes to the composition of musical ratios, subdivided the 
fourth into three in of various magnitudes placed in various 
orders, by which they distinguish their kinds of tetrachords.” 

We do not, we confess, though admitting that it is exceedingly hard, 
and probably impossible, to reconcile the Greek writers with them- 
selves and each other, find that sort of difficulty which Dr. Burney 


J owned to, when he said that he neither understood those writers 


himself, nor had met with any one who did. He was a musician, and 
was looking out for an intelligible mode of arriving at and distributing 
the most agreeable concords, with a strong predetermination to arrive 
at musical truth or nothing. But the Greek writers were arithmeti- 
cians, with as a determination to find natural foundations in 
integer numbers : did not ask how to find sounds which would 
best suit the ear, but how to discover triplets of fractions which 
multiplied together should produce four-thirds of a unit, Pleased with 
the simplicity of the ratios which give the fourth, fifth, and octave, 
their efforts at musical improvement were confined to the attempt at 
discovering magic numbers to fill up the intervals, It was not until 
one of these philosophers had laboured at his abacus, and tasked his 
metaphysics to find @ priori confirmation of some question in arith- 
metic, that he ro dey doy monochord and tried how his scale sounded : 
it would have been indeed if his ear had refused to sympathise 
with his brain, In all probability the musicians, whose object was 
simply to please, la at the arithmeticians, as Tycho Brahé did at 
Kepler, when the latter had discovered reason for the distances of the 
lanets in the properties of solid bodies: they had motive enough, and, 
ETRAGON. (properly a fouranglod, heure) i 
TE rly a four. ed figure), a term usually ap- 
lied to square only, when used, which it seldom is. [RaquLar 
GURES. 
TETRAHEDRON (a solid of four faces), a term usually applied to 
the any gh st to Reeutar Fiavures.] 
TE THY ONIUM. [Oncanic Bases, Methylamine.] 


* This is also Ptolemy’s Ditonici Diatonica, 
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" TEUTONIC NATIONS. 


TETRAMYLAMMONIUM. [Onxcantc Bases.) 

TETRARCH (rerpdpxys), from two Greek words, signifying four 
and fo govern, a title used by the Greeks at a very early od to* 
describe the ruler of each part of a country which was divided into 
ach shod either on account of its occupation by different tribes, or 

ly asa political division. Each of such four parts was called a 
tetrarchy (rerpapxia or rerpadapyxla). In process of time the title came 
to be applied to the rulers of different divisions of the same country, 
or to the chiefs of different tribes ang Ry gps same country, with- 
out any reference to the number four. In this sense it was equivalent 
to the titles ethnarch and phylarch. Under the Roman government, in 
the later ages of the republic and under the emperors, there were 
several such petty princes, independent of each other, but tributary to 


Rome. These tetrarchs, ethnarchs, or phylarchs, were either the legiti-, 


mate governors of their subjects, or persons who had received the title 
and government from Rome as a mark of honour. They ranked below 
those other subject princes who were permitted to retain the title of 


king. 

The principal examples of tetrarchies are those of Thessaly, which 
was anciently so divided, and the division was again made by Philip, 
the father of Alexander the Great: of Galatia, which was peopled by 
three Gallic tribes, each of which was divided into four tetrarchies: of 
Syria, many of the petty princes of which bore the title of tetrarchs, 
especially certain princes of the family of Herod the Great. Con- 
cerning the tetrarchs of Syria, see Niebuhr’s ‘ History of Rome,’ ii., 

. 134-5. 

PP DETRATHIONIC ACID. 
TETRETHYLAMMONIU 
TETRYL. [Burvt. 
TETRYLAMINE. Synonymous with butylamine. [Buryt.] 
TETRYLENE. But, Burvyt. 
TETRYLHYDROSULPHURIC ACID, Synonymous with hydro- 

sulphate of butyl. [Buryt.] ; 

ETRYLSULPHORIC ACID. Sulphobutylic Acid. [Butyt.] 

TEUTONIC NATIONS is the name under which are com- 

ised the different nations of the Teutonic race. These are divided 

three branches. The first branch contains the High Germans, to 
whom belong the Teutonic inhabitants of Upper and Middle Germany, 
those of Switzerland, and the greater part of the Germans of Hungary; 
it is subdivided into the Suabian and the Franconian minor branches. 

The second is the Saxon branch, which is divided into three minor 

branches: the first of which contains the Frisians; the second, the Old 

Saxons or Low Germans, with the Dutch, the Flemings, and the 

Saxons of Transylvania ; and the third, the English, the Scotch, and 

the greater part of the inhabitants of the United States of North 

America. The third branch is the Scandinavian, to which belong 

the Icelanders, the Norwegians, the Danes, and the Swedes. It 

has been estimated, but on no very exact data, that nearly 

100,000,000 individuals belong to the Teutonic race. The Germans 

amount to above 42,000,000, 33,000,000 of which live in Germany, the 

remaining 9,000,000 form a greater or less part of the population of 

East Prussia, of Switzerland, of Hungary, of Transylvania, of France, 

(in Alsace and north-east Lorraine), of Russia (in the Baltic provinces, 

in the kingdom of Poland, in the Crimea, in Bessarabia, and in the 

German colonies in the environs of Saratov on the Volga), of the duchy 

of Sleswig, and of the United States of North America, especially 

P lvania. The English amount to about 33,000,000, there being 

about 18,000,000 of English and Scotch in. Great Britain and Ire- 

land, nearly 3,000,000 in the English colonies, and 11,000,000 or 

12,000,000 of Anglo-Americans in the United States. The number of 

the Frisians is about 130,000, in the province of West Friesland in 

Holland, in the islands in the German Ocean along the Dutch and 

the German shore, in the Saterland (near Old ), and in the 

islands along the west coast of the duchy of Sleswig. ere are about 
$,000,000 of Dutchmen in Holland and in her colonies and the Cape of 

Good Hope ; and there are about 2,500,000 Flemings in the north part 

of Belgium, in the south of Holland, and in the north-east part of 

France. The number of individuals belonging to the Scandinavian 

branch amounts to at least 6,000,000, among whom there are—50,000 

Icelanders ; 1,500,000 Danes in Denmark, in her colonies, and in the 

north part of the duchy of Sleswig; 1,250,000 Norwegians; and about 

$,200,000 Swedes in Sweden and in the present Russian province of 

Finland, especially along the coast of the Gulf of Bothnia, in the 

districts of Abo and Nyland, and on the Aland Islands, which are 

entirely inhabited by Swedes, 

Light hair and blue eyes in the northern countries, and brown hair 
and brown or blue eyes in some of the southern countries, are charac- 
teristics of the Teutonic race. Their stature is generally tall, although 
in those provinces where the Germans are mixed with Wends, 
Suabians, and Bohemians, many of, the people have the broad 
shoulders and the short square form of the north-western Slavonians. 
The ight black hair of some Slavonian tribes also sometimes 
appears, mixture of Germans with the south-west Slavonians, 
such as Wends and Croatians, whose stature exceeds that of the Wends 
and Bohemians, is more difficult to be distinguished, the black straight 
hair and a darker complexion being almost the only indication of such 
a mixture. The mixture of Germans with Celts in Belgium and in 
the adjoining part of France has formed a tall race which differs from 


Sutrnvr. } 
[Orcanro Baszs.] 


their Teutonic neighbours only in the dark colour of their hair and 
their black eyes. (Platé, ‘ Scenen aus dem Volksleben in Belgien.’) _ 
OP that Magna DX. gui ee = mgr: 2 
parents as belonging either to ‘eutonic or the race, 

though it appears that a Fonts aquiline noses are seen among the 
lower classes they are a Bet of Celtic origin, the true Teutonic nose 
not being aquiline, but either straight or curved only in its upper part. 
In general, also, the Teutonic forehead is broader between the es 
than the Celtic. (Clement, ‘Die Nordgermanische Welt;’ H y 
*Ideen zur Philosophie der Geschichte,’ vol. i.) 

The moral and intellectual difference between the Teutonic nations 
is less remarkable than that which exists between otber 
nations of the same race with one another. le of and 
violent passions, they do not easily lose their self-control, the intel- 
lectual functions being more developed than in most other races, 
Southern nations, confounding liveliness of feeling with intensity, and 
nervous excitability with moral sensibility, have been deceived by the 
cool character of the Teutonic nations, and have accused them of 
indifference. But the most superficial inati i 
sensibility—a fact which is proved by their poetry. The Teutonic 

ions are less excitable than the Celtic, the Slavonian, and other 
taces, but capable of deeper thought. Southern nations have accom- 
plished great things by sudden efforts; the Teutonic nations have 
reserved their ae 
carry into effect. Thus they destroyed the 


for vast plans, which it requires centuries to 
Roman empire after a 
struggle of three centuries, and they formed new kingdoms in 
upon new social principles, which have maintained their vigour to” 
the present day. The Normans became powerful wherever the sea 
permitted them to effect a landing. The Germans, diminished in 
number after they had sent their swarms to Western Europe, turned 
back towards the east part of their country, then occupied by Slavonian 
nations, which they conquered, and Germanised upon a plan of coloni- 
sation which enabled them to civilise the east of Europe, And lastly, 
the English colonies have spread over the world: their dominion in 
the east and in the west is the result of plans which imply more bold- 
ness of conception, more prudence in execution, and more reflection, 
than the conquests of Alexander the Great and the ephemeral power 
of Napoleon. 

The same character of deep and patient reflection exercised on 
objects appears in German philosophy and in the inventions of the 
Teutonic nations. The watch, the gun, and the art of printing 
Teutonic inventions. ‘They have subjugated the power of steam ; an 
the first model of the modern sea-vessel was constructed at the mouth 
of the Eider by the hands of an old Saxon or Frisian ship-builder. 
(Clement, ibid.) 

The name of the Teutones was made known to the ancients by 
Pytheas of Massilia (Marseille), who, in the age of Alexander the Great, 
about 320 B.c., discovered a nation of that name in the Chersonesus 
Cimbrica, and on the adjacent islands, or in the present countries of 
Holstein, Sleswig, Denmark, and perhaps also in the southern extremity 
of Sweden. It seems that they had long been settled there, for they 
lived in houses, and were acquainted with agriculture and commerce, 
Other traces of the name appear later. Among the Celtic tribes which 


examination will show their — 


invaded Greece and besieged Delphi under the second Brennus ~ 


(278 3.c.), there was a people called Teutobodiaci, who afterwards 
the Hellespont and settled with the Celts in Galatia, in Asia 

inor. About 160 years later, the Romans were attacked by the 
Cimbri and Teutones, who came from the same country, where they 
had been seen by Pytheas. The Teutonic origin of the Cimbri has 
been disputed : some historians consider them identical with the Celtic 
Cyinri, but this error has been long since refuted, alth 
reproduced in our days by Thierry, in his ‘ Histoire des ois.” It is 
said, and it is not improbable, that inundations of the sea compelled 
the Teutones and their neighbours the Cimbri to leave their country 
and to seek other abodes, The choice was soon made. The wealth of 
Rome and the arts of Greece were not unknown to them, From the 


it has been 


most remote times adventurous merchants, starting from the shores of — 


the Black Sea, followed the course of the Dnieper towards its sources, 
and reaching the Diina and the Niemen, descended these rivers to 
their mouths in the Baltic, where they exchanged the commodities of 
the south for amber, the electrum of the ancients. The same trade, as 
it seems, was carried on by the merchants of Massilia along the Rhéne 
and the Rhine, and therefore Schlézer, in his ‘ Nordische Geschichte; 
says that but for the amber Germany would have remained unknown 
to the ancients for five centuries more. Theiracquaintance with Rome 
and Massilia was perhaps the principal cause which led the Cimbri and 
the Teutones to the south of France and to Italy (B.c. 113-99). Their 
a i by Marius has been related. [Manivs, in Broo, Drv, ; 
CIMsRI. 

When the Romans first heard the name of the Teutones, they 
thought that they were a single tribe. They did not know that it was 
also the general and ethnographic name of all those nations to which 
they afterwards gave the vague designation of Germans, 

Origin of the name Teutones,—The root of the word Teuton is thu 
or do, which originally represented the idea of “ activity,” of “living, 
procreating, nouri ” and also of “taming, educating, and ruling.” 
From this root are formed the following words, some of which are still 
used in the popular dialects ;—Zew, god, creator, ruler, father, 
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nourisher (Thor, Tuisco);-thut or thiud, earth; tott dite, dote, god-} passion of conquest and the necessity of self-defence. Ambition 


father; toda, nurse; thiod, father of the ple, lord, ruler, king, in 
Gothic thiudans, in old Bavarian theodo ; diet, people, in old Swedish, 
thiaut and thyd ; thiudinassus, in Gothic, kingdom. (Fulda, ‘ Wurzel- 
Wirterbuch.’) The idea of ruling, expressed by the root Teut, explains 
why this word occurs so frequently in the names of the ancient 
Teutonic kings, dukes, or chiefs, such as Teutoboch, Theudorix, 
Theodorix, Theodoric, Theodomir, Theodimir, Teutagon, &c. 
It is likewise contained in the general name of all the Teutonic nations, 
and in those of various tribes, as the Teutones, the Teutonoarii, 
Thaifali, and the Dithmarses or Dietmarses. Teuton is identical with 
Deutsche or Teutsche (in Low German, Diitsch ; in Dutch, Duitsch ; in 
Danish, Tysk z in English, Dutch), which from the remotest time has 
been and is still the general name of that part of the Teutonic nations 
which we now call Germans, who considered the god or hero Tuisco 
as their common ancestor. There are no direct proofs of the word 
Teuton having had this extensive meaning in the earliest German 
history, but this is perhaps the result of the political state of the 
Teutonic nations, which were originally divided into numerous tribes, 
each of which became separately known to the Romans. 

Origin of the Teutonic Nations.—The Teutonic race is originally from 
Asia. The Teutones immigrated into Europe at different periods un- 
known to history, although it appears that the last of them entered 
Europe during the migration of nations in the 4th and 5th centuries. 
Some account of their Asiatic origin is given in their ancient national 
songs, principally in the Sagas of the Scandinavians. It is also said 
that Benedict Goesius (Goez), a Jesuit, found in 1603, in the mountains 
of the Hindu Kush, north-east of Cabul, a people with fair hair like 
the Dutch, and who are perhaps identical with that tribe of which 
Pliny speaks, and which was settled in the Montes Emodi. But all 
this is of little value, unless it is corroborated by other facts. Such 
facts have been furnished by the learned philologists of our age, espe- 
cially by Friedrich von Schlegel, Adelung, Bopp, Grimm, and Hammer- 
— A comparison of the Teutonic languages with the Persian, 
the , and the Sanskrit, has shown the relationship which exists 
among these languages [Lancuace; (Sanskrit Lanouacs and Lire- 
and by means of these facts, the Mythes and Sagas become 


for history. 

When the Teutonic nations appeared in history, they were divided 
into bodies or confederations of tribes, such as, at a later period, 
the Franks, the Suevi, the Saxons, the Marcomanni, and the Alemanni. 
Long before these names were known, there was a similar confedera- 
tion of tribes which came from the north-north-east and conquered the 
countries on the left bank of the Rhine, then inhabited by Celtic 
nations, which fled to their brethren in Central Gaul. The epoch of 
this invasion is not known, but the event happened a long time before 
the age of Caesar, who found those countries settled by a Teutonic 
population, Tribes of the Condrusi, the Eburones, the Caeraesi, and 
the Paemani, were united in a confederation, and had adopted the 
name of Germani, or “ war-like men.” This name was gradually used 
by the Romans to designate other nations which belonged to the Teu- 
tonic race (Tacitus, ‘Germ.,’ c. 2), and subsequently it was adopted by 
the English as a name for the “ Deutsche,” while this very name, 
changed into Dutch, now designates the inhabitants of Ho 

The Teutonic Nations after Cezar.—When Cesar reached the Rhine, 
Northern Germany, Holland, Belgium, and a part of the countries on 
the Middle Rhine were inhabited by Teutonic nations which belo 
to the northern, now Saxon, branch. They had been settled in fixed 
habitations for several centuries, and they must be considered as the 
first of this race which settled in Germany. The southern part of this 
country was then inhabited by Celts and Rhaetians, except the tract 
between the Upper Rhine and the Upper Danube, which was con- 
quered by the Suevi, who belonged to the Teutonic race. The word 
“ Suevi,” which comes from “ schweifen,” may be translated “ wan- 
derers,” or people who rambled about for the purpose of settling in 
any convenient country. It was adi by a great number of tribes, 
the majority of which belonged to the High Germans, and came from 
the countries on the Baltic between the Oder and the Niemen. Cwsar 
was obliged to fight with their leader Ariovistus, (B.c. 58), who had 
invaded Gaul. Ariovistus was compelled to go back to Germany. 

Tacitus divides the Germani into three great bodies : the Ingaevones, 
in the north; the Istaevones, in the west, from the mouths of the 
Rhine upwards to Basel; and the Hermiones, in Middle Germany and 
towards the north-east. This division seems to have an ethnographic 
and still more a political value. The position of the Ingaevones corre- 
sponds to that of the later Saxons, and both the names have one 
meaning, Saxon signifying a settled people, and In-gae-vones a people 
who live in a cultivated country divided into districts (In-gau-wohner 
or Inwohner). The Istaevones, or Western Germani (West-wohner), 

to the later Franks, and the Hermiones to the Suevi, in- 
eluding the Alemanni. Further, the name of Hermiones is undoubtedly 
identical with Hermunduri, one of the greatest Suevian or High-German 
tribes, the name of which is generally supposed to be the same with 
Doringi or — the present Thuringians. 

From the time when Cesar first met with the Suevi under Ariovistus, 
there was a deadly between the Romans and the Germans. 
The Romans wished to Germany into a province, and the Ger- 
Mans aimed at the possession of Gaul; on both sides there was the 
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pushed the Romans into Germany, and want of fertile lands, and 
perhaps some great revolution among the nations of Eastern Europe, 
led the Germans into Gaul and Italy. The Roman eagles were seen 
in the wilds of the Hercynian forest, but Arminius saved his nation 
from slavery in the forest of Teutoburg, in Detmold, where Varus was 
slain with three legions (4.p. 9). The campaign of Germanicus, who 
advanced as far as the Elbe, led to no results, though he gained a com- 
plete victory over the Germans on the field of Idistavisus near the 
Weser (A.D, 16); when he celebrated his triumph in Rome (A.D. 17), 
the Germans between the Rhine and the Weser were as free as before. 
These tribes made a confederation, and chose Arminius for their leader. 
A war arose between him and Maroboduus, king of the Marcomanni, 
‘who was defeated and obliged to implore the assistance of the Romans 
(a.D. 19). Being attacked by Catwald, or Catualdus, the chief of the 
Gothones, he lost his crown, and the confederation of the Marcomanni 
was broken, Arminius, the hero of Germany, fell by the hands of his 
jealous kinsmen, in his thirty-seventh year. (Tacitus, ‘ Annal., ii. 88.) ° 

Notwithstanding the civil wars in Germany, the Romans gave up 
the idea of conquering the country, and Tiberius ordered a defensive 
system to be observed on the frontiers, which were formed by the 
Rhine from its mouths to the Moselle, and from the junction of this 
river with the Rhine they followed the Lahn as far as the present 
district of Wetterau. The frontier then took a southern direction, 

the Main at Obernburg, the Jagst at Jagsthausen, the Kocher 
at Hall, and joined the Danube near Pféring, from which town it ran 
along the Danube as far as Pannonia. The rivers were defended by 
castles, and the tracts between them by a strong rampart with towers, 
the Vallum Romanum of Hadrianus, a considerable part of which, the 
Pfahlgraben, ig still visible. The Germans west and south of this 
barrier became Roman subjects, but those who lived east and north of 
it enjoyed their ancient liberty. 

All the German tribes practised agriculture, but warfare being their 
favourite occupation, they abandoned their fields and their flocks to 
the care of bondsmen. The fine arts were not exercised among the 
Germans, but they were acquainted with the art of writing [Runes], 
although only for religious purposes. (Rhabanus Maurus, in Goldast, . 
‘Script. Rer. Alem.,’ ii. 1; Hickesius, ‘ Thes. Ling. Septentr.’) The 
groundwork of their social and political constitution was the union of 
a certain number of families into a community, “ Marcha,” “ erd- 
marcha,” now “ Mark-Genossenschaft.” Mr. Kemble, in his ‘ Saxons 
in England,’ has shown the prevalence and the importance of the 
divisional mark in England. Several marchas formed a “ gow,” now 
“ gau,” a district which had its own administration. Twice a month, 
and sometimes every week, the members of a gow assembled and held 
the “ gowding;” the gowdings were civil and criminal courts, and also 
meetings for legislation, and war and peace were decided on in them. 
Besides the gowdings there were “graven” or “ greven” (graviones, 
comites), or delegates of the gowding, who were assisted in their judi- 
ciary functions by a certain number of freemen. The magistrates 
were chosen from the nobles (edelings or adelings), the “ principes” of 
Tacitus, who had also the right of forming a kind of senate, where they 
deliberated on important affairs previously to their being brought be- 
fore the gowding, {and they despatched matters of little importance, 
which did not come before the gowding. The nobles had also the 
privilege of keeping a “ dienst-gefolge,” or a band of freemen who 
served them in their feuds and wars; and they had individually the 
right of protetting unfree people in the gowding, a right which also 
belonged to the community as a body, but not to individual freemen. 
The privileges of the nobles were probably connected with the religious 
institutions, of which we have no positive knowledge, although it 
appears that priests and nobles formed only one class, an opinion which 
is corroborated by the fact that wherever Christianity was introduced 
into Germany, it met with no opposition from the common people as 
soon as the nobles were converted. Some of the earlier Teutonic 
nations had mente gee | kings, the “reges” of Tacitus, who however 
had a very limited authority. The greater part of them chose princes 
only as commanders of the army in time of war. The name of these 
commanders was “ herzog,” in low German “ hertog,” or “ hartog,” in 
Latin “ dux.” 

Besides the freemen and the nobles, there were bondsmen, “ 1lazzi,” 
“lati,” or “iti,” now “leute;” in low German “ liide,” or “lide; ” 
who were either the primitive inhabitants of a conquered territory, or 
prisoners of war, or freemen who had lost or sold their liberty. ‘heir 
condition was in'no way like that of the Roman servi, who, legally 
speaking, were not considered as persons, but in most respects things. 
Domestic and personal services, and especially agriculture, were their 
exclusive occupations. 

The military organisation of the Teutonic nations was founded on 
two principles, When a gow, or a confederation of several gows, 
determined on war, every freeman was obliged to take up arms for the 
defence of the commonwealth. But war was sometimes made for the 
private interest of some powerful noble, who carried it on with his 
* dienst-gefolge,” which was a numerous body when the military renown 
of the chiefs, or the hope of easy conquests, promised rich rewards to 
the adventurous band. ‘ 

We know little about the religion of the ancient Teutonic nations, 
They worshipped a supreme being under the name of Woden or Odin, 
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but the true character of their religion was the worship of Nature in 
her different manifestations. Thor, Hertha, and Freya were personifi- 
cations of the power of heaven, of earth, and of love and procreation. 
[ScawprxavVian MytHOLOoGy, 

Such was the moral, social, and political state of the Teutonic 
nations when they began their wars with Rome, The Vallum Roma- 
num prevented them from invading the Roman empire during the Ist 
and 2nd centuries. In the 3d century they often crossed it, In the 
4th they conquered a considerable part of the countries on the Danube ; 
and in the 5th they invaded and conquered all the European provinces 
of the Roman em . 

Alemanni, [ALEMANNI, in the Groa, Diy., under which head the 
political history will be found.|—The Ler Alemannorwm was revised in 
the time of Dagobert, king of the Franks, and again by Lantfried, they 
Frankish duke of Alemannia, in the beginning of the 8th century. 
There is no trace of the Roman law in it except in one single case 
(tit. 30), The Lex Alemannorum, as well as all the other earlier codes 
of the Teutonic nations, are contained in Ferdinand Walter's ‘ Corpus 
Juris Germanici,’ Sichard published an edition of it-in the ‘ Leges 
Ripuariorum, Bajuyariorum, et Alemannorum,’ 1530, Svo. Bosides 
these collections, the Teutonic laws are in the collections of Herold, 
Lindenbrog, Eccard, Heineccius, Georgish, Canciani, and Baluzius. 

Burgundians. [Burcunptans, Kryes or tHe, in Broo. Drv.j— 
The Burgundians came from north-east Germany, and _ first 
assisted the Alemanni against the Romans; but they left Germany 
as early as the beginning of the 5th century, penetrated into 
Gaul, and formed the powerful kingdom of Burgundy on both 
sides of the Jura, which was incorporated with the kingdom 
of the Franks in 534. The collection of the Burgundian laws, Lex 
Burgundionum, ‘Gundobada,’ ‘Gundobarda,’ ‘Loi Gombette,’ was 
made towards the end of the 5th century, under king Gundobald, who 
died in 516, and was augmented (517) by king Siegmund, who died in 
523. The legislation of Gundobald goes as far as title 42. The 
following titles, although they contain laws and regulations of Gundo- 
bald, were added by Siegmund, who completed the code by two 
“additamenta,” containing his own laws, Charle e made a third 
additamentum, without altering the code itself. Lex Burgun- 
dionum, which is written in much purer Latin than most of the other 
Teutonic codes, contains several of the rules of the Roman law concerning 
donations, and especially testaments (tit, 43 and 60). A separate 
edition was published at Lyon in 1611, 

Franks. leaaens in the Gzoa. Drv., gives the political history of 
the Franks.}—In the very countries which the Romans traversed on 
their way to the woods where Varus was slain, the Usipetes, the 
Tencteri, the Sicambri, the Bructeri, the Ansibarii, the Marsi, the 
Tubantes, the Chamavi, and the Chatti—all tribes belonging to the 
northern, now Saxon branch (Ingaevones) of the Germani—formed a 
confederation and called themselves Franks, either because they were 

icularly “ free and bold,” or on account of their “ barbed lances” 
framew). The Franks were divided into Franci Salici, who lived in 
the Low Countries between the Zuider Zee, the Maas, and the Somme ; 
and Franci Ripuarii, who were settled along the Rhine between 
Nymegen and Bonn. Each of them had their code. The Lex Salica 
was written in very barbarous Latin, under Clovis, between 484 and 
496, and was never revised, although it contains some laws by the sons 
of Clovis, which begin with the 62nd (63rd) title. Except one rule in 
title 14, about the rape of free persons, and another rning 


nations, inflicted the punishment of death only for high treason and a 
few such crimes. Pithou published a separate edition of the ‘ Edictum 
Theodorici’ (Paris, 1579). Rhon, ‘Commentatio ad Edictum Theo- 
dorici, Reg. Ostrogoth,’, Halae, 1816, dto. 
The Visi-Goths settled in the southern of Gaul in 412, and 
invaded Spain in 414, This country was then in the hands of the 
Suevi, the Alani, and the Vandals, who became subject to the Goths, 
or were forced to emi In 451 the Visi-Goths, together with the 
Franks, defeated Attila and his 700,000 Huns, Goths, Gepi and 
other vassals, in the plain of Chilonssur-Marne, Their , Alaric — 
IL., lost Gaul, except the eastern of edoc and Provence, in 
the battle of Vouglé against Clovis, king of the Franks, in 507. The 
kingdom of the Visi-Goths lasted for three centuries, when it was over- 
thrown by the Arabs in 712, 
Among all the Teutonic nations the Visi-Goths were the first who __ 
had written laws. (Isidorus Hispalensis, ‘ Chron, ad annum sen ee ] 
504, a.v. 466.’) A collection of them was made by their ki , 


contains many traces of the Roman law, and is the o rae Sos y= 


who were subjects of the Visi-Goths, and continued to live under their 
own laws until they were abolished by the kings Chindaswind and_ 
Receswind, who declared the revised Lex Visigothorum obligatory on 


a 
peri 

These were the Gothi-Telraxitae, who, after the emigration of their 
brethren to the western countries, retired to the eastern part of the 
Chersonesus Taurica, now the Crimea, and the opposite island of 
Taman. There they lived for eleven centuries under the suc- 
cessive dominion of Huns, ians,’ Greeks, Khazars, Tartars of 
Kiptshak, and Tartars of the Crimea, and, lastly, of Turks Osmanlis, 


marriage within the prohibited degrees, this code contains no trace of 
the Roman law. It is very important for the history of the laws of 
the Teutonic nations, The ancient Lex Salica is often confounded 
with the present Salic Law, which regulates the right of succession in 
several sovereign and noble families in Europe. But this latter Salio 
law is only a single rule of the Lex Salica, and —— concerned 
the succession to the tax-free estates of free or noble (terra 
Salica), which belonged to the male issue, to the exclusion of females. 
It is contained in title 62, ‘De Alode,’ 1, 6: “De terra vero Salica 
nulla i haereditatis mulieri yeniat; sed ad virilem sexum tota 
terrae haereditas perveniat.” 

This law was not peculiar to the Franci Salici: it occurs in the 
greater part of the other ancient Teutonic laws. (Wiarda, * Geschichte 
und Auslegung des Salischen Gesetzes;’ Heineccius, ‘Ant. Germ.’, i., 
p. 265, 285; a separate edition of the Lex Salica was published by 
Pithou, Paris, 1602, Svyo.) The Lex Ripuaria was collected by 
Theodoric, the son of Clovis, between 511 and 534, It was several 
times revised, eapecially by Dagobert. It resembles the Lex Salica, 
and containa no traces of the Roman law. 

Gothe, (Gotus, Gorut, Gorsongs, for the history.}—The Code 
of the Ostro-Goths, ‘the Edictum Theodorici, which was composed 
by order of Theodoric in 500, is a collection of Roman laws. This 
king wished to form one ple of the Romans and the Goths 
(‘ Edictum,’ § 30), and he therefore adopted the laws of the most 
civilised of his subjects, Leaving the Gothic laws exclusively to the 
memory of the people, he knew that they would soon fall into 
oblivion without being formally abolished. In some cases, however, he 
supplanted Gothic customs by Roman laws. The Wehrgeld, or Wehre, 
—that is, the fine for crimes,—was entirely abolished, and in place of 
it the punishment of death was introduced in many cases, an innovation 


which seemed very hard to the Gotha, who, like all the other Teutonic 


Ostgothischen Reichs in Italien ;’ Mascov, cited below, ii.) 
Suevi.—From the country east of the Black Forest, between the 
Upper Danube and the Alps, the Suevi, by which name the Quadi and 
the Hermunduri were perhaps likewise meant, spread over Gaul and 
forced their way into Spain (406-409). Their king Hermanarie or 
Hermanrich became master of Portugal, Galicia, and the western parts 
of Asturias, and Leon: he resided at Bretonia, near the mouth of the 
Mifio, now a small vii named Bretatia, His successors were in- 
dependent kings, but in 585 the Suevi became subjects of Leo 
king of the Visi-Goths. Their laws have not been collected. : 
were at first Catholics, but king Remismund (461) professed Arianism; ~ 
Theodemir (Ariamir) returned to the Catholic faith in 561. : 
Vandals.—This name, which was known to Tacitus, comprises 
various tribes of Teutonic and also of Slavonian origin, who lived in 
Eastern Prussia and Pomerania. The Slavonian tribes were subject to 
the Teutonic Vandals, who are often confounded with the Wends 
(Venedi), who afterwards occupied the country of the Vandals. The 
Vandals left their homes towards the end of the 4th century, and a 
part of them, after a sojourn in Pannonia, traversed Germany and 
Gaul, and founded the Vandal kingdom in Spain in 409. In 417 they 
subjugated the Alani, who had also settled in Spain. In 429 they were 
forced by the Visi-Goths to abandon this country, and they went over 
to Africa. Their Genseric or Geiseric took Carthage (439), all 
Mauritania, and the islands of Sardinia, Corsica, the Baleares, and the 
western part of Sicily, On the 12th July, 455, they plundered Rome, 
and their name became proverbial as that of the most barbarous 
among the barbarians. , Their kingdom lasted till 535, when it was 
destroyed by Belisarius, and became a 2 a of the Byzantine empire. 
All the names of the Vandal kings are Teutonic, and resemble those of 
the Gothic kings, a fact which proves that however numerous the 
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Slavonians were among them, the Teutonic tribes were the ruling 
nation. Their name is visible in that of the province of Andalusia or 
Vandalusia. * Geschichte der Vandalen.) 

VENETIAN Kinepom, in Geoe. Dryv., col. 
578.]—The Longobards lived on the right bank of the Lower Elbe, 
and afterwards on the left side of this river, near Liineburg and Bruns- 
wick: in language and person they resembled their neighbours the 
Saxons, a strong body of whom appeared with them in Italy. Before 
they invaded Italy had lived in the present country of Upper 

, in Pannonia, and in Noricum (494-568). Their king Alboin 
subj the Gepide in Transylvania (563 ?), and in 568 he con- 
qui the greater part of Italy. Their last national king, Desiderius, 
was deprived of his throne by Charlemagne (774), who assumed the 
title of king of the Longobards : but the Longobards neither lost their 
constitution nor their estates; the only change was in the reigning 


When the Longobards were subjugated by the Franks, they had 

) written laws for 130 years, The first collection was made 
aytea Rotharis in 643. The laws of Grimoald were collected in 
668, those of Luitprand between 713 and 724; those of Rachis in 746, 
and those of Aistulf in 754. They contain only a few heads of Roman 
law concerning prescription and ssion. (Muratori, ‘ Script. Rer. 
Ital.,’ tom. i. ; and especially Biener, ‘De Origine et Progressu Legum 
Jurumque Germanicorum,’ i.) 

These are the Teutonic nations that founded permanent kingdoms 
within the limits of the Roman empire. Except the Alemanni, they 
all came in contact with a population the educated part of which was 
entirely Romanised, although, except Italy and some parts of the 
south of Spain and Gaul, the inhabitants of the villages were still 
Celts or Iberians when they were subj by the Teutonic invaders. 
(Fauriel, ‘ Hist. de la Gaule Méridionale, vol. i.) The political institu- 
tions Soogy new masters of the civilised world csi 2 on two great 
princip 

The Teutonic laws were not territorial, as they now are, but per- 
sonal: a Frank was judged after the Frankish law, a Burgundian after 

» Wherever he lived. This being applied 
also to the Romans, gave rise to a double legislation, one for the 
tuling Teutonic nation, and the other for the subject Romans. The 
second principle was that the can et belonged to the body of the 
conquerors, and not exclusively to their kings. This sovereignty not 
only comprised the supreme authority in legislation and administra- 
tion, but it was considered as comprehending a right to the private 
landed property of the vanquished nation. Every free Frank or Goth 
became the master of a considerable portion of land which he took 
from the Romans, The rights and duties of the kings towards their 
Teutonic fellow-conquerors remained the same as before; the kings 
had no right to punish any freeman, unless in time of war and for 
neglect of military duties. The freemen also could not be forced to 
serve in any war to which they had not given their consent; and 
they did not pay any taxes to their kings, who were only the first 
uals, As to thé subject Romans, the Teutonic kings 
became the of a numerous civilised nation: as successors to the 
rights of the Roman emperors, and with regard to the Romans, they 
had absolute power, and they became proprietors of the extensive 


F 


private estates of the emperors. They maintained the provincial 
administration, which was established by Constantine the t and 


his successors, but they often conferred various functions on one 

person in order to render that complicated administration more 

to As the raps meer among the subject people, 

each province had a double inistration, one for the ruling nation 

and the other for the subject nation. But there resulted so much 

ion from this circumstance, that the kings were obliged, espe- 

in Gaul, to sacrifice the principles of the Roman administration, 

and to govern in the Teutonic way, although the names of the higher 

public ons were Roman. first functionary in each province 
in the Frankish kingdom was the Dux, who had the su e mili 

and sometimes also the authority of a judge. The second 

i r of all affairs con- 


z 


nape a portion of their estates on condition of obedience to him. 
great 
“ Romani convive regis.” A second part, the “ Romani af 
ined in possession of their lands, but they were obliged to pay 
them, a duty from which the conquerors were exempt: this 
incipally consisted of small landowners. The third class were 
mani tributarii,” who lost,their liberty, although they did not 
Servi in the Roman sense of the word; these were the ancient 
In many towns the Romans continued to enjoy their muni- 


| 


[et 


cipal insti , while a Teutonic community grad arose within 
the same , and had its separate constitution. In other towns the 
richest among the Romans lost their liberty and became “ ministe- 


: 


/” a kind of privileged vassals; but the were treated as the 
tributarii in the f rp ale 
The Teutonic nations which became subject to the Frankish kings 


| 


were treated with less severity. The B dians, the Longobards, 
and the Bavarians only changed their dynasty, but the greater part of 
the Thuringians and of the Alemanni lost a considerable portion of 
their lands, which were given to Frankish nobles, of whom they 
became vassals, 

Besides those nations which founded permanent kingdoms within 
the Roman empire, many tribes maintained their independence there 
only for a short period, or came and went rapidly without leaving 
further traces, or were subjugated by others, and adopted the names of 
their vanquishers, Many among them were of Slavonian or other 


The Alani came from the Caucasus, traversed Europe, and lived 
independent in southern Spain under their king Respendial, from 409 
to 417, when they were subjugated by the Visi-Goths and carried into 
the south of Gaul. Another part of them settled between Orleans 
and Nantes under their chief Goar (406), but in 452 they were defeated 
and dispersed by the Visi-Goths. The Alani were not of Teutonic 
origin ; the names of their kings (Respendial, Utaces, Goar) have no 
resemblance to Saxon, ish, or Gothic names. They are probably 
identical with the Ossetes, an old Persian tribe in the central part of 
the Caucasus. The country of Albania, north of the Caucasus, was 
known to the Greeks and Romans. The Byzantines called the tract 
between the Terek and Shirwan, Alania. (Procopius, ‘De Bello Goth., 
lL. iv.; Stritter, ‘Memorie Populor,—Alania, in tom. iv.; Suhm, 
‘Geschichte der Diinen, iibersetzt von Griiter, i. 1; Zeuss, ‘ Urge- 
schichte der Deutschen,’/—Alanen.) 

The Quadi, who lived in Silesia and Moravia in 375, were a Sueviin 
people. The Gepide perhaps were of Gothic origin; their kingdom 
in Transylvania was destroyed by Alboin, who killed Kuaimund, the 
last king of the Gepide, 

Odoacer, the commander of a band of Scyrri or Scirri, Rugii, and 
Heruli, put an end to the Roman empire in Italy, and was acknow- 
ledged as emperor, but he was put to death by order of Theodoric the 
Great in 493. «' 

The Rugit were Germani; the origin of the Seyrri and of the Heruli 
is uncertain. It has been pretended that the Heruli were a Lithuanian 
tribe, 

Tribes within the limits of Germany which lost their independence under 
the Pranks.—The Bojoarii, Bojobari, Bajuvarii, or Bavarians, whose 
name became known towards the year 480, were a confederation of 
Suevian tribes: they lived between the Danube, the Lech, and the 
Ens. In 540 they were forced to yield to the Frankish kings, and were 
governed by dukes of the dynasty of the Agilolfingians. Their laws, 
which were collected between 613 and 638, resemble the laws of the 
Alemanni, though they contain many traces of the Roman law. 
(Mederer, ‘ Leges Bajuvariorum, oder iiltestes Gesetzbuch der Baju- 
varier,’ &c., 1793-8.) The 7huwringians occupied the country north of 
the Bavarians as far as the Unstrut, and even beyond that river. 
They were related to the Goths, and their name seems to resemble 
that of the Thervingi, the Hermunduri, and Hermiones. Their last 
king, Hermanfrid, was deprived of his crown by the Franks in 531. 
Charlemagne is said to have made the first collection of their laws, but 
there is no evidence in support of this statement. Their code is 
known under the title of ‘Lex Angliorum et Werinorum, hoc est 
Thuringorum.’ These Angles and Warini or Werini were settled in 
the northern part of Thuringia, but it does not appear why their names 
are mentioned before that of the Thuringians, who were the more 
numerous nation. This collection is brief and incomplete. (Leibnitz, 
‘Script. Rer. Brunsvic.,’ i.) 

The Saxons dwelt north of the Thuringians, On the east their 
frontiers were the Elbe, the Stecknitz, and the Baltic; on the north, 
Denmark, the German Ocean, dnd Friesland; on the west, they cor- 
responded to the western frontiers of the present province of West- 
phalia. When they had sent numerous settlers to Britain, their power 
became less formidable to their neighbours—the Wends in the east, 
and the Franks in the west. The Franks were formerly united with 
them against the Romans, but when they had conquered Gaul, the 
Saxons were obliged to desist from their incursions into this country, 
and hence arose jealousy and hostility. The south-western parts were 
conquered by the Franks as early as 555; the rich landowners were 
compelled to give a considerable part of their lands to Frankish nobles, 
and the common freemen to bend under-the yoke of servitude. The 
remaining and greater part of the population was free, though from 
time to time the Saxons paid tribute, until, after the memorable war 
with Duke Wittekind (772-803), Charlemagne became master of all 
Saxony. But the Saxons were not subjugated like the Romans. They 
promised to adopt Christianity, to acknowledge Charles as their king, 
and to obey his governors (greves) and bishops. On the other hand, 
Charles granted them equal “‘ Wehre ” (value of their body and liberty 
in case of wounds, murder, &c.), and the same privileges which the 
Franks had, especially freedom from tribute, and the privilege of being 
tried in their own country, according to their own laws, and by their 
equals, (Leibnitz, ‘Script. Rer. Brunsv.,’ i; Compare Moser, ‘ Osna- 
briickische Geschichte,’ i.) ; 

Charlemagne was the first king of the Saxons who formed a great 
confederation of free communities; they, appointed dukes for their 
wars; and only acknowl obedience to the “gowding” and to 
“ greves” chosen by the freemen among the “ edelings ” of the commu- 
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TEUTONIC NATIONS. 


THAMES. 


nities. The laws of the Saxons were collected by order of Charle- 
magne. They consist of nineteen titles, and are so short incom- 
plete as to justify the cptake et oS ee 
preserved. Two * Capitui "of Charlemagne concern the political 
and ecclesiastical condition of those parts of Saxony which were con- 
uered at the time of their publication (788 and 797). This ‘ Lex 
‘onum’ must not be confounded with the ‘Sachsen-Spiegel,’ the 
‘Mirror of the Saxons, a code of Saxon Jaw which was written in 
Latin, and afterwards translated into the Saxon language by Eicke van 
Rebgow, between 1215 and 1218. (Giirtner, ‘Saxonum Tres, 
Accessit Lex Frisionum,' 1730-4.) 

Frisians, [Fristans.]—The laws of the Frisians were collected by 
Charl e under the title of ‘ Lex Frisionum,’ (Gartner, ‘ Saxonum 
Leges Tres. Accessit Lex Frisionum.’) The ‘Statuta Opstalbomica,’ 
the laws of the Seven Sealands, which are written in the Frisian lan- 
guage, are a different collection. ‘The dialect of this language, which 
inost resembles the Anglo-Saxon language, is that of the northern 
Frisian islands on the coast of Sleswig. 

Anglo-Saxons.—An account of their history has been given under 
Saxons; and under Encianp in Groa. Div. The first settlement of 
Teutonic tribes in Great Britain previous to the arrival of the Anglo- 
Saxons, has been treated egg) oot learning by Dr. Clement, in his 
work ‘Die Nordgermanische Welt,’ Co , 1840; and much 
valuable information respecting their laws social habits will be 
found in Kemble’s ‘Saxons in England,’ and the works of Palgrave 
and other recent writers on Anglo-Saxon history. 

The following works contain full information concerning the history 
of the Teutonic nations :—Mascov, ‘The Hi of the Antient 
Germans,’ translated by Thomas Lediard ; Gibbon, ‘ Decline and Fall ;” 
Eichhorn, ‘ Deutsche Staats-und Rechts-Geschichte;’ Savigny, ‘Ges- 
chichte des Romischen Rechtes im Mittelalter;’ Grimm, ‘ Deutsche 
Rechts-Alterthiimer ;’ and his ‘ Deutsche Grammatik.’ 

The Scandinavian branch of the Teutonic nations appears late in 
history, The Sagas tell us that in the fifth century B.c. Odin led the 
Scandinavians to Sweden and Norway; but this Odin isa god. Less 
fabulous is the history of a second Odin, who, in the beginning of our 
era, came from Asia to Scandinavia, accompanied by his ‘‘ Asen” or 
perhaps “Ansen,” or fellow-warriors. The name of the Suiones or 
Swedes was known to Pliny and to Tacitus, and Pliny knew the name 
of Scandia, now Scania, southern extremity of Sweden, which 
name gradually acquired its present general meaning. Goths came to 
Scandinavia at a very early period, and the second Odin was perhaps 
their chief. They mixed with the Scandinavians, and traces of their 
language have been found in the dialects of the provinces of East and 
West Gothland in Sweden, and their name is still preserved in many 
localities. The aborigines of Sweden and Norway belonged to the 
Finnish race. They fled towards the north, but not without leaving 
their traces in the mountains of the Kjmlen and the Dovre Fjeld. 

The Scandinavians, Northmen, or Normans, became known to the 
southern nations by their piracies,and they were often leagued with 
the Saxons. In the wars between Charlemagne and Wittekind, the 
Danes assisted Wittekind, who had married Gera, the daughter of their 
king, Siegfried. As early as the beginning of the 8th century the 
Danes and Jutes Praclace ¢ in the north of England; in the beginning 
of the 9th century the Danes settled on the south-east coast of Ireland. 
Normans or Norwegians occupied the Orkneys before the end of the 
9th century: in 861 they came to the Farm Islands, and they sent 
colonies to Iceland as early as 870. The northern parts of North 
America were known to these bold navigators four centuries before the 
time of Columbus. Other Normans conquered Normandy, Apulia, 
Sicily, and the opposite coast of Africa. m the 8th century the 
Waregians, who came from Norway and Sweden, penetrated into 
Russia, and founded the Norman dynasty of the grand-dukes of Kiew. 
Some of the first families of the Russian nobility are of Norman 


origin. 

The Swedes conquered the coast of Finland as early as 850, and 
settled in great num in the districts of Abo and Nyland. Although 
Finland is chiefly inhabited by a nation of Finnish origin, and eye 
it has become a Russian province, the Swedish language is the only 


language used for public acts and legal documents. 
Suhm is one of the best authorities for the critical of the 
Scandinavians. He has written in Danish on the origin of Scan- 


dinavians, on their mythology, a critical history of Denmark, a 
history of Denmark, and several other works concerning this country. 

(Miller, in his ‘ Kritisches Examen der Diinischen und Norwe- 

i ichte,’ examines the historical truth of the Sagas; 

eringskjéld, ‘Monumenta Sueo-Gothica,’ Stockholm, 1710, fol. ; 
Peringskjold, * Wilkina , sive Historia Wilkinensium,’ contains au 
account of the exploits conquests of the Scandinavians in Russia, 
Italy, &e.) 

Table of the modern Teutonic Languages and their Dialects, 
I. Hion German Lanovaces. 


(The German language as it is written or spoken by the well- 
edneated Germans, belongs to the High German languages, but is not 


a dialect.) 
A. Suabian branch. 
a. Suabian, subordinate branch, containing the dialects of 


of the Black Forest, of the Neckar, and of the 

try between the Danube and the Lech. 
is, of the Alps, of Salzburg, and of the Danube. 

orarlberg, of the Inn, of the Etsch (Adige), and 


of Austria, of Styria, of Carin- 

thia, and of Moravia. 

b, Alemannic, subordinate branch. 

1, Alemannic, commonly so called in the south-west corner of the 
Black Forest. ‘ 

2, Dialects of Switzerland, that is, of Bern, of the Oberland of Bern, 


of Wallis, of the country of the Grisons, and of Appenzell, &. 
3, Dialects of Elsass (Alsace), and of Baden. 
ingi. bordinate ining the dialects of the 


ath birge, and of the 
°' 
ialects are generally 
i ee flat countries of Thii- 
ringis eg the Upper Palatinate, w belong to the Franconian 
c 


B. Franconian branch. 
\1, Dialects of Franconia, of the Palatinate, of the Middle Rhine, and 
of Southern Hesse, 
2, Dialects of Thiiringia, except the Thiiringer Wald, of Northern 
Hesse, and of the Eichsfeld. 
8, Dialects of Lorraine and Luxemburg, which are much mixed with 
Low German. 


4, Disloots of Upper Saxony, of Meissen, of the Erdgebirge, and of 
uusatia, 


5, Dialects of Northern Bohemia, of Silesia, and of part of the 
German colonies in H 4 


ungary. ; 
6, Dialects of the nobles, the clergy, and the citizens in Curland, 


Livonia, and Esthonia. 
II. Saxon Lanovaces. 

A. Frisian branch, which contains the dialects of West Friesland, of 
: Saterland, of the islands along the Dutch and the German coast, 

and of the islands along the coast of Sleswig. 
B. Low German branch, divided into six sections, namely — : 
1, Of Lower Saxony, containing the dialects of Sleswig, of Holstein, 
of Hamburg, of Bremen, of ick, of Hanover, of the 
country between the Harz and the Weser, and of the Marshes 


with Frisia. 
2, Of Westphalia, with the dialects of U, Miinsterland, of Lower 
Miinsterland, of Osnabriick, of the Upper Weser, of Sauerland, 


of Mark, and of Eastern . 
8, Of the Lower Rhine between Neuwied and Diisseldorf, i 
the dialects of the Eifel, of Cologne, and of Aix- 
4, Of cerdialagaalr you rw: Dutch language, the Flemish 
language, and the dialects of Jiilich, of Cleve, and of Geldern in 


Germany. 

5, The dialect of the Saxons in 7ransylvania. 

6, Of the ancient Wendish countries, colonised by the Saxons, con- 
taining the dialects of Mecklenburg, of Pomerania, of Branden- 
burg, of the Marks, and of East Prussia. 

C. Teghek Kconch. (Saxon LanauaGe anp Literature; ExcLanp, 
in Groa, Drv.] 
IIL Scanprvavian Lanavaces.- 
A. Old Norman branch, containing the dialects of the mountaineers 
of is the Icelandic language, and the idiom of the Farm 


Islan 
B. Danish branch, containing the Danish language, with the dialects of 
the islands, of Jutland, and of Northern Sleswig, and the modern 


Norwegian 
C. Swedish branch, containing the Swedish language, with the dialects 
of Gothland, of Dalecarlia, of Stockholm and the adjacent 
. country, of Fi and of the Aland Islands. 


(Adelung und Vater, ‘ Mithridates ;’ Balbi, ‘ Atlas Ethnographique;” — 


Ober-Miiller, ‘ Atlas copys see hique de l'Europe,’) 

TEXTILE MANUFACTUR Corton, } 
THAMES, a certain jurisdiction, though not nodia ee 
fisheries 


oodeock, then lord mayor, enjoining the destruction of wears and 
nets from Staines to the Medway, in uence of the injury which 
they did to the and obstru of the navigation. By 
4 Hen. VIL, c. 15 (1487), the mayor of London and his successors 
were invested with the same authority as conservator of the fish in 
“all the issues, breaches, and ground overflown as far as the water 
ebbeth and floweth from out of the river Thames,” as he had within 
the river itself. Before the river was artificially embanked and the 
adjoining lands drained, this extension was probably of considerable 
importance, During the reign of Elizabeth, in 1584, an order was put 
forth by the mayor for the purpose of settling the proper times in 


“~”* 
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135 THAMMUZ. 


THAW. 186 


which various kinds of fish were to be taken. It prohibited fishing in 
certain parts of the river, and forbade the taking of the white-bait or 
“bloodbag.” ‘The right of the corporation, howeyer, to the conserva- 
tion of the river about this time was disputed by the lord-high- 
admiral, and some litigation took place, in which the corporation was 
uniformly successful. James L. in the third year of his reign granted 
a charter to the city, in which the immemorial right of the city to the 
office of bailiff and conservator of the Thames is recited and confirmed. 
The same rights are also confirmed and settled by various other 
charters and acts of parliament. The result was to vest in the corpo- 
ration the conservation of the river, the regulation of the port and 
harbour of London, and, as is said, the actual property in the soil of 
the river, subject only to the jus regium of the crown. The com- 


mencement of the city’s jurisdiction was marked by a stone, with am. 


apocryphal date, called London Stone, placed on the north bank of the 
river, a short distance above the present bridge of Staines, and its 
termination on the south shore, by the formerly navigable creek of 
Yantlet, separating the Isle of Grain from the mainland of Kent, and 
on the north shore by the village of Leigh, in Essex, placed directly 
opposite, and close to the lower extremity of Canvey Island, thus 

ing a distance of eighty miles, over nearly the entire course of 
that river through the metropolitan valley. , 

After much litigation between the City of London and the Crown, 
the conservancy of the river, which involves the control of the fisheries, 
the regulation and control of the watermen and of the shipping, 
the cleansing of the river, the removal of obstructions, erection of 
stairs, licensing mills, and other such duties, has been vested, by act of 
parliament, in a Board of Conservancy, to whom the powers of the 
corporation have been transferred. 

(Griffiths, Conservancy of the River Thames ; Stow, Survey of London ; 
Pulling, On the Laws, &c. of the City and Port of London.) 


THAMMUZ, in Hebrew }%5F), is the tenth month of the Jewish 


civil year, coinciding with our June or = ; it has twenty-nine 
days, and in the present year (1861), it will begin on the 9th of 
June and end on the 7th of July. The name does not occur in the 
Bible, as a month at least; the in Ezekiel viii. 14, “ women 
weeping for Tammuz,” having no known connection with the month, 
» who has a short dissertation on the name in his ‘ Monatona- 
men,’ p. 164, seq., denies the identity of Thammuz and Adonis, first 
advanced by St, Jerome in his commentary on Ezekiel. In the copies 
of the calendar of Heliopolis the name is written Oau:(a, Oaupov{, and 
Oopa. <A fast is kept on the 17th day of Thammuz, in memory of the 
capture of Jerusalem by Titus, according to most authorities, though 
some say it was instituted to commemorate the breaking of the Tables 
of the Law by Moses, Exod. xxxii. 19. In some calendars a feast is 
mentioned on the 14th day, to celebrate the destruction of a pernicious 
book tending to discredit the traditions of the Rabbins. In the Syrian 
now in use, Thamuz is the fourth month, as it was among 

the Hebrews when the year began with Nisan. 

THANE, in Angl ‘on thegn, from thegnian, or thenian, “to 
serve,” the same word with the modern Germen dienen, is frequently, in 
conformity with this origin, translated minister in the Latin charters 
of the ae a period. In other cases its equivalent is miles, or 
fidelis: mi So king Alfred, in his translation of Bede's ‘ Eccle- 
siastical History,’ renders the king's, minister, the king’s thane, and 
uses thane wherever Bede has miles. The exact meaning of the term 
when employed as a title of honour is involved in considerable 
obscurity : the rank or dignity which it denoted was ibly not the 
same at different times, and there were also thanes of more than one 
kind. After the Conquest thanes (thaini or taini) are frequently 
classed with barons (barones): in the laws of Henry L, the two words 
are apparently used as synonymous; and where the Saxon Chronicler 
has anne (thegenas), the Latin annalists have commonly barones. The 
class of common or inferior thanes seems to have answered nearly to 
that of the barones minores, or landed gentry. One of the few things 
that are tolerably certain with regard to the rank of a thane is, that it 
implied the possession of a certain amount of landed pro . Sucha 
qualification indeed seems in certain circumstances to have conferred 
the dignity of thane. One of the laws of Athelstane declares that if a 
ceorl (or commoner) shall have obtained five hides of land in full 
property, with a church, a kitchen, a bell-house, a burghate seat (or 
office of magistrate in a burgh), and a station in the king’s hall (the 
meaning of which last expression is doubtful), he shall henceforth be a 
thane by right. Five hides of land was probably the amount demanded 
even for a thane of the highest order; although it appears from Domes- 
day-Book that this was also the quantity which made the owner a 

, oF liable to be called out on the king’s military service. Many 
lands are mentioned in Domesday-Book as thane-lands (terre tainorum) ; 
and it is probable that the dignity, like the oldest of the Norman 
baronies, was sometimes attached to a particular estate. Thanes were 
among the members of the Saxon Witenagemot, or parliament, The 
principal facts connected with) this dignity in England have’ been 
collected by Mr. Sharon Turner, in his ‘ History of the Anglo-Saxons,’ 
Syvo., London, 1823, vol, iii.; by Sir Francis P: ve, in his ‘ Rise and 
Progress of the English Commonwealth, 4to., 1832, and by Mr, J. M. 
Kemble in his ‘ Saxons in England,’ 1849, 

There is little mention of the thanes in England after the time of 


Henry II.; but Lord Hailes has shown (‘ Annals,’ i. 28) that in Scot- 
land thane was a recognised title down to the end of the 15th century : 
the ‘ Chartulary of Moray’ mentions a thane of Cawdor in 1492. It 
appears from the first to have implied in Scotland a higher dignity 
than in England, and to have been for the most synonymous with earl, 
which was a title generally annexed to the territory of a whole 
county. 

THAW is the reduction of ice or snow to a liquid state in conse- 
quence of an increase in temperature. In the ordinary succession of 
the seasons, this effect is produced on the surface of the earth or in 
the atmosphere during the spring by the return of the sun to the 
hemisphere of the observer, the solar rays then falling in greater 
abundance than before on a given extent of ground; or it is produced 
by accidental currents of warm air which pass over a frozen mass. 
The dissolution of particles of ice or snow floating in the atmosphere, 
and the universal liberation of moisture previously frozen up, are the 
causes of the humidity which accompanies a thaw. 

As the conversion of a liquid into ice always commences at the 
surface of the former, and about the sides of the vessel containing it, 
or about those of a solid body immersed in it, so in ice surrounded by 
air which has acquired a higher temperature than the ice has, the pro- 
cess of liquefaction commences at the sides and extends gradually from 
thence inwards; ice being a bad conductor of heat, the central parts of 
it, under ordin: circumstances, are the last which are dissolved. 
It is observed + when solid bodies, whose temperatures are 
equal to one another and higher than that of ice, are applied to 
the latter, the ice is dissolved most rapidly by those which have the 
greatest power’ of conducting caloric: thus a piece of ice being 
laid on a plate of polished metal, and a piece of equal magnitude 
on wood, the ice on the metal will be dissolved before that which 
is laid on the wood, not only when the temperature of the metal 
and wood are equal, but even when the temperature of the wood 
considerably exceeds that of the metal, the latter comveying more 
abundantly to the ice the caloric which it is continually receiving from 
thelatmosphere. 

A severe and long-continued frost abstracts so much caloric from 
terrestrial bodies, as the walls of buildings which are not exposed to 
the sun, that these are often cooled below the temperature of freezing 
water ; and while in this state, if a current of warm air pass over their 
surfaces, the aqueous vapour which the air contains deposits itself on 
the walls, where it is converted into ice or snow: it remains thus 
frozen for a time after a thaw has commenced, but at length, the 
temperature increasing, the ice is melted and the walls are then covered 
with moisture. 

It is often remarked that, at the time of a thaw taking place, there 
is felt a degree of coldness greater than that which is experienced 
during the continuance of the frost; this has sometimes been ascribed 
merely to the evaporation of the moisture which is then on the skin, 
as the thermometer at the same time indicates an elevation of tempe- 
rature in the atmosphere, But the evaporative power of the skin 
must depend both upon the temperature of the air and the amount of 
aqueous vapour which it already contains, and in part also on the local 
heat of the Soe body. The sensation alluded to arises, in all probability, 
from the continual conversion of the sensible heat of the atmosphere 
and the surface of the earth and bodies resting upon it, into a latent 
form during the process of thawing, the latent heat of water being 
greater than that of any other substance, Dr, Faraday has shown 
that the conversion of a cubic yard of ice simply into water at 32°, or 
ice-cold, would absorb or render latent the whole heat emitted during 
the combustion of a bushel of coal. [Ham; Ick; Warer.] The 
amount of heat thus required in the liquefaction of ice renders a thaw 
so gradual, This is an cp otra provision of nature ; but for it, ‘ the 
ice that had accumulated during a long winter would at the first breeze 
from the south be instantly converted into water, and sweep before it, 
not merely the habitations of man and their tenants, but trees, rocks, 
and hills ;” every thaw, in fact, would occasion a frightful inundation, 
Conversely, frost is rendered gradual by the evolution of the latent 
heat of water in a sensible form, . 

For a remarkable case of slow thawing, and illustration of the prin- 
ciple on which the gradual nature of that process depends, we may 
refer to some experiments made by Dr. Faraday for the investigation 
of a different subject, that of regelation. He prepared a bath of water, 
which could be retained, by appropriate contrivances, at the unchanging 
temperature of 32° Fahr., or the melting-point of ice, for a week or 
more; but asmall piece of ice floating in it for that time was not 
entirely melted away. Yet the temperature was adequate to the 
liquefaction of ice, for a very slow thawing process was really going on 
in the bath during the whole time, as was rendered evident by the 
state of this very piece of ice; but the glass jar containing the water 
being surrounded by a system of bad conductors of heat, including dry 
flannel and broken ice, the heat of the atmosphere and exterior sur- 
rounding bodies could only very slowly penetrate to the ice in the bath, 
and there supply the heat required to become latent in the process of 
thawing it, and hence the rate of thawing was so slow as not to dissolve 
a cubic inch of ice in six or seyen days. (See ‘ Proc. of Royal Society’ 
for April 26, 1860, vol. x., pp. 442, 449.) : 

A phenomenon observed at Inspruck, in the Tyrol, which has been 
referred to the contrary operation of local winds, probably admits of 
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explanation upon the principle of the absorption or rendering latent of 
heat in the Thswing ain, At that place the snow is often seen 
melting on the mountains above the town, at an elevation of 3000 feet, 
while it continues very cold and there is not the least sign of thaw in 
the valley of the river Inn below. It is then popularly said that the 
south wind is driving the cold into the valley; and this saying seems 
to involve the truth. The air above will be greatly cooled down by 
the abstraction of its heat in the melting of the snow, and, thus 
becoming heavier, will descend in the atmosphere and maintain for a 
time the low temperature in the valley below. 

The overflowing of rivers by the dissolution of the snow and ice on 
the mountains above their sources is well known [Rrvers, col. 119], 
and to the liquefaction of the ice formed by the previous congelation 
of water which has introduced itself into the fissures of rocks is to 
be ascribed the occasional severance of large masses from the sides of 
mountains; the expansion of the water in freezing having destroyed 
the cohesion, so that the parts are only held together by the ice, and 
on the liquefaction of this the disunion is complete. 

Two pieces of thawing ice, if brought into contact, adhere and 
become one; at a place where liquefaction was proceeding, congelation 
suddenly occurs. This is the phenomenon and process of regelation, 
already treated of in the article Ice. The view of the thawing or 
melting of ice taken by M. Person, that it is a gradual process, 
resembling that of wax and metals, and not really a sudden one, and 
its adoption by Professor James Forbes, as well as the objections to 
it urged by Professor James Thomson, have been noticed in the 
article Ice, Person's original paper, ‘On the Latent Heat of 
Fusion of Ice,’ will be found in the ‘ Comptes Rendus’ of the Royal 
Academy of Sciences of Paris, for April 29, 1850, vol. xxx, p. 526. 
The evidence he adduces of the supposed viscosity of ice, 
intermediate between the states of rigid solidity and perfect fluidity, 
consists solely of an amount of latent heat which a high authority 
agrees with us in considering to be much within the probable errors of 
the delicate experiments required. The application made by Professor 
Tyndall of the principle of regelation, renders the plasticity of ice in 
the mass quite intelligible, without the necessity of attributing a 
viscous property to that substance, the existence of which is negatived 
by all the other properties which it possesses. 

Although the terms thawing and freezing were originally applied 
only to the solidification and re-liquefaction of water, by variations of 
temperature, and derivatively to those of other fluids in ordinary use, 
their sense has become extended in the progress of that more precise 
knowledge of natural things which is called science, to denote also, 
generally, the solidification and re-liquefaction of liquids not commonly 
observed in the solid condition. We speak, for example, of the freezing 
and thawing of mercury; and not only so, but the terms thawing and 
freezing are sometimes used to express the circumstances of the 
melting and re-solidification of bodies which are ordinarily sulid— 
solid, is, at common temperatures, an expression which, as usually 
employed, includes a considerable thermometric range from above the 
freezing to below the boiling point of water, and is even extended, 
though npr somewhat below the former and considerabl 
above the latter, though not to a red heat, or a temperature at whic 
light is evolved. Thus these terms have been applied to the melting 
and crystallisation of glass. In like manner, the term fusion, originally 
employed with reference to the liquefaction of bodies which are solid 
at common or much higher temperatures, has come to be applied, as 
equivalent to that of thawing, to the melting after solidification of 
substances which are ordinarily liquid. In this manner we speak of 
the fusion of ice, as well as that of wax or of copper; and Dr. 
Faraday has described, in the paper referred to above, an experi- 
ment in which layers of ice are produced “of greater and less 
fusibility.” 

THEA. [Tra.] - 

THEATINS, or TEATINS, an order of monks founded at Rome 
in 1524, principally by Gianpietro Caraffa, who was then archbishop of 
Chieti, in Naples, the Latin name of which is Teate, and who after- 
wards became pope under the title of Paul IV. The institution was 
confirmed at the time of its foundation by the reigning pope, Clement 
VIL ; and « final rule, or code of regulations, drawn up by a general 
chapter of the order, was authorised by Clement VIIL in 1604. The 
Theatins were principally established in Italy and in France, into 
which latter country they were brought in 1644, and where they sub- 
sisted till the Revolution of 1789. Their dress was a black cl and 
cassock with white sleeves; and the principal peculiarity of their 
institution was that they affected to subsist not only upon alms, but 
upon alms bestowed upon them without being asked for. They pro- 
cured, however, considerable support in this way, and they were at 
one time enabled to maintain missions in Georgia, Circassia, Mingrelia, 
and other parts of Asia. Their history has been written by John 
Baptist Tuflins, under the title of ‘ Annales Theatinorum,’ There were 
also Theatin nuns (in French, 7heatines), so called from having been 
placed by Pope Gregory XV, under the direction of the Theatin 
monks, their original and proper designation having been Sisters of the 
Immaculate Conception. A notice of a controversy between the Thea- 
tins and the Jesuits, which was kept up for a great part of the 17th 
— is given by Bayle, in a note to his article on ‘ Ignatius 
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THEATRE (from the Latin 


a building riated to dramatic representations, The 
oldest edi eos 8 thi das din nee oh the Greeks and Romans, for 


the stage itself —— 
under that term the whole space requisite for the accommodation 


nowledge of many things which now can only be con 
character of the performance has been spoken of under 
The circumstances that are mentioned for our admiration, and as 
proofs of the magnificence and sumptuousness of some of the ancient 
theatres, prove how deficient in scenic illusion and stage effect the 
performances must have been. Whether it be at all or 
not, it is evident from what Pliny (‘ Nat. Hist.,’ xxxvi., c. 15) says of 
the theatre of Scaurus, at Rome, that the scena was a mere architec- 


marble colunms and statues—with no fewer than 360 of the former, 
arranged in three tiers, and 3000 of the latter, a most incredible num- 
ber, surpassing that of a modern audience. Pliny puzzles us still 
more when he says tliat the middle of the scena (meaning the second 
of the three orders) was of glass, “vitro.” The actors it is evident 
must have appeared mere pigmies upon a stage of such enormous 
extent, with a number of statues behind them. This must always 
have been in some d the case, since even in m 

ancient theatres the stage was enormously wide in comparison with 
what it is in the very largest modern theatres. The scena too was 
always a permanent architectural erection, incapable of change. It 
has been supposed that, besides the ent scena, the ancients 
employed, occasionally at least, moveable painted scenes, 


its extreme improbability. If they even did, as some suppose, practise 
scene-painting, it is scarcely conceivable that they should have had 
vom moveable scenes on canvas, which on the average must have 

een 200 feet in width, especially where the stage itself was so shallow 
and confined at its sides, and without any space for apparatus or 
machinery over it. Vitruvius does indeed mention, in the proem to 
his seventh book, Agatharchus as a scene-painter, and Democritus and 
Anaxagoras as writers on scenography and perspective ; but it is with 
such vagueness of expression, that it is difficult to draw any conclusion 
from his words. Of the former he merely says “ scenam fecit,” which 
probably means no more than that he was one of the first who intto- 
duced some sort of decoration on the scena, or back wall of the stage, 
where, if there was at any time painting at all, it could only have been 
very ial, and as accessory embellishment to that general facatle. 
The fixed arrangement of the scena itself, with three distinct entrances 
assigned to the performers according to their rank in the , the 
centre one being for the principal characters, the others for those sup- 
posed to arrive on one side from the port, on the other from the 
country, was not only an awkward conventionalism in itself, but an 
expedient which shows how im the ancient stage must have 


painted scenery at all was probably confined to two Versura (epdiror 
at the sides or ends of the stage, which served as “ wings,” and w 
were upright triangular frames made to revolve ipon a central pivot, 
80 that any of the three sides could be turned towards the audience; a 
very scanty change of scenery at the best, and only sufficient to hint 
where the action was supposed to take place. 

From the use of the term Aulwa it has been generally concluded 
that the whole stage was concealed by a curtain, both previous to the 
commencement of the performance and whenever it was requisite to 
make any change in the decorations. But we agree with Winckel- 
mann, that such could not possibly have been the case, because in the 
first place it could hardly have been practicable, and in the next it was 
unnece as regarded the ent scena or architectural facade. 
But even admitting that there was painted scenery, and that it was not 
inferior to that of our own theatres, either in regard to truth of per- 
spective or to anything else, it still must have fallen far short of the 
latter in effect, if only for the reason that the performances took 
by daylight. At the best the illusion could have been but nely 
imperfect—a strange mixture of the artificial with the real. The 
natural lights and shadows and the painted ones must frequently have 


been in contradiction to each other ; nor was it possible to manage any 
effects of light, as in our theatres, by either increasing or diminishing 


tural facade, unmeaning in itself, though lavishly embellished with 


of 
being let down before it. Yet while this can be only ragel afre, 
the presumption against it is founded both on its impracticability 


been, notwithstanding its alleged ‘magnificence. What there was of ~ 
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it, or by concentrating it on particular part of the scenery. The 
caly thing ta iaeoanat the stage in this respect, is that there 


were no “ foot-lights,” and consequently the faces of the performers 
were not lighted from beneath. Yet even this comparatively unim- 


what could properly be only a momentary one. This was however 
é ‘s ae. owing to the vast extent of the 
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+ majority of the 
Spee to it the actors could have 
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Greek Theatre, 


considerable portion of the audience must have sat 
of it behind them; and those at the ends of 
could hardly have had any view of the 
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of disposing them : 
one was to break into separate slopes, i 
the “ flights” in an ascent of steps; the other 
a continued slope from the lowest to the highest seats, 
each oe the next “ flight” was 
above the of that landing, being raised upon a 
showed itself between the lower and upper “ flight.” 
between the seats, there was surround- 
audi of the theatre, forming either an 
iebleathas for spectators, or a covered 
with columns, as is shown in the plan of the Roman theatre, 
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where such portico was to fi 
Between the Grecian Roman orchestra there was a very wide 
difference as regards the purpose to which that space was appropriated. 


for the spectators, although there the arrangement of an ancient theatr® 
was nearly perfect, and in some respects preferable to that of modern 
ones, it was not free from many inconveniences. The most obvious 
one is, that as there was no roof, there was no shelter from the weather, 
on which account awnings were sometimes made use of to screen from 
the heat of the sun, while in case of sudden and heavy rain the spec- 
tators were obliged to take shelter in the corridors behind and beneath. 
the seats, where there were any, and in the porticos at the back of the 
theatre. Besides interruption to the performance, this must have 
occasioned considerable confusion in so numerous an assemblage of 
persons. Beautiful too as the arrangement of all the seats in con- 
centric rows is in itself, it is attended with some disadvantage, as will 


be perceived on referring to the annexed plans, for instead of being 
placed, as in the pit of a modern theatre, parallel to and immediately 


| In the Roman theatre it was merely a continuation of the rest of the 
auditory, being occupied with seats and spectators, with no other 
difference than that the spectators were senators and other persons of 
dignity, and that benches or chairs must have been ranged parallel to 
the stage. The Greek orchestra, on the contrary, was, as its name 
imports, made use of for the dancers, musicians, and singers, whose 
constituted so important a part of the entertainment; 
and so far nothing could have been better planned than the Greek 
theatre, for the orchestra was visible from every part, whereas the 
scena could not have been distinctly seen, or hardly seen at all by 
those on the u seats at either extremity of the coelum. By 
referring to the plans it will be seen that while the Roman orchestra 
does not exceed half a circle, the Greek forms three-fifths of one, or an 
are of 216 degrees, its proportions and the depth of the stage being 
ascertained by merely inscribing a square within a circle, taking one 
side of that square as the res, So of the stage, and drawing parallel 
to it a tangent to the circle, which tangent coincides with the scena or 
back of the stage. Such plan therefore is simple enough, complex as 
it may appear in the cut, where two other squares are also drawn 
within the circle, and the points of the three squares determine how 
far the seats extend, and the situation of the steps («A{uaxes) between 
the seats,—a fanciful operation, nothing more being required after the 
first one than to divide the are or curved portion of the orchestra into 
as many equal parts as would be requisite according to the number of 
ascents. In fact this last appears to have been the mode practised, for 
there are as many examples which differ from as agree with that esta- 
blished by Vitruvius for the Greek theatre. According to that, the 
divisions, the number of cunei and steps between them, would be 
uniformly the same, namely, seven of the former, and eight of the 
latter, including those next the stage, as shown in the cut. This how- 
ever is so far from being the case, that very material differences occur 
in that respect. At Epidaurus, for instance, there are ten cunei in the 
lower tier, and eleven ascents, consequently an even number of the 
former and an odd one of the latter. At Dramyssus again there are 
nine cunei and ten ascents; and at Syracuse and Tauromenium the 
same, The Roman orchestra and scena were also defined by a circle, 
within which was inscribed an equilateral triangle, one of whose sides 
D D formed the scena, while the diameter u u of the circle, parallel to 
the scena, formed the bou between the pulpitum or stage and 
the orchestra, the last being always a perfect semicircle. The other 
three triangles are merely for the purpose of determining the points 
where the scale, or steps between the cunei, are to be, for which 
nothing more is requisite than to divide the semicircle of the orchestra 
| into as many equal parts as there are to be cunei, whether the number 


| be six or any other; and the diameter of the orchestra HH being given 
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the distance of the scena from it would be ascertained by making it | authority of a similar table given by Colonel Leake, in his ‘ Tour in 

mal to one-fourth of that line, After all, as has been remarked by | Asia Minor,’ to which several other examples are here added. 

etter in his work on theatres, there is ing more whimsical Dic. 
than rational in _ an epee In on a disadvan- Babe. cade. Oreheeizes 
tages already pointed out, as want of moveable scenery, it > Bs) Oley) AY ee 
was no slight fneonvenlenes that the stage could never be occasionally 5 see a Cale & 1 ee 400 25 rows of seats, 
extended in depth, shallow as it was, Taking 70 feet as the diameter cag tent. pep tere 250 79 feet. 
of the orchestra alone, which dimensions are equal to the whole of the Odllet Us ee ee ae 36 
largest of our modern theatres, the depth of the stage in a Grecian Cites 5) | eee eee 
theatre would be a little more than 10 feet, or one-seventh of that ge er i 
diameter ; and in a Roman one 174 feet, or just one-fourth. While so Dramyssus, or Joannina =. lk 440 78 
confined a space would admit of very little dramatic action, it would Ephesus a) fe ele ine 240 
scarcely admit of any change of scenery. Yet shallowness of the stage Epidaurus. « .« + «© ~~. 870 55 
was in some sry yg em of ag in order that the epee we. Secepaligte BS is) Veale. map te ed 16 —— seats, 
might be as near to the front of the stage as ible, separated as they 2». GOR Th gd 
were, in the Grecian theatre at least, from the audience by the inter- eet. cent! RiP yn sob a 
veuing ctsnaties, rs Mantinia . 9...) . 4297 not known, 

Strict as were the rules for pro the depth of the stage to Wiletese®. oc 2: ed ee Ce 204 
the size of the orchestra, the relative size of the orchestra to the coelum aire ee & ees 120 
or whole auditory does not appear to have been subject to any regula- Nicopolis (in Epirus). . «. . 360 120 
tions: it varies considerably in different theatres, being in some nearly | Orange (scena only remaining, 336 feet 
one-half, in others only one-fifth, or even little more one-sixth of wide, 114 feet high). 
the entire diameter of the interior, as in the theatres of Epidaurus and ORT ihe) eer n/t’ i eee 96 

, or Janina. . . . . . ° 25 rows of seats, 
Sing’ = said Bat the Grecian merece considerably ay Fou a oS GAP eee) ate oe 4 ee 150 
man, there is some ambiguity in the expression, for it rr See 

might be inferred from it that it was larger than the other in propor- ar te ts tex sey 
tion to the coelum, whereas the meaning is that the archestra of the Pompeii Si Sc eT rin 62 
Greeks formed a larger portion’ of a circle, extending to 220 degrees, Pom mye * . 219 138 , 
while the Hotes vie only 180 degrees, or an exact semicircle. In the Rome, theatre Marcellus - «517 172 
Greek theatre, therefore, the orchestra cuts into the and renders * 2y" eee 162 
that termed Logeion by the Greeks, and Pulpitum by the Romans, Selinus (in Cilicia) + -1l4 
considerably narrower than the extremities, whereas in the Roman “os + + B13 100 
theatre the stage was of the same depth throughout, pulpitum being a Bide - - sae 120 
mere technical distinction applied to that portion co’ ing with oy et els ~- and 
the orchestra, and nA which the pees comet — se = order ecg 7 ° By 
that they might be better seen and heard by the whole of the audience nesnanaeatan Ha Ee Oars sien 
than vat otherwise have been the case. The ancients also had eos . 7 See AS ws - 385 me = 
recourse to what seems a strange expedient for transmitting the actor's Tate 4 hao eee See 150 
voice to the furthest part of the theatre, namely, that o ing in 
cavities for the purpose beneath the seats hollow metal or en| Of some of these theatres scarcely anything ‘remains, little more 
vases, termed Echeia (4xeia), that is, “sounding thing,” which aug- | than their general and extent being now i ; 


mented the sound. The plans above given are not drawn to any par- 
ticular scale, but supposing them to be upon the same scale, and the 
diameter of the orchestra in the Greek plan to be 100 feet, the diameter 
of the coelum or whole auditory will be 300 feet, the width of the 
stage and scena 180 feet, and the depth of the logeion only 15 feet, 
while in the other the dimensions will be, orchestra 100 feet, auditory 
270 feet, scena 195 feet, depth of stage and ame 25 feet. 

Another point of difference between the Grecian and Roman theatre 
is that in the former the stage was considerably elevated above the 


orchestra, 12 feet or upwards, consequently there was a wall of that | prin 


height at the back of the orchestra, to which was given the name of 
Hyposcenium (irocxjyor), or Lower Scena,tand which appears to have 
formed a sort of architectural basement to the stage, and was adorned 
with niches and statues, 
Little more remains to be said on the subject of ancient theatres, 
to remark that the form of the orchestra also determined that 
of the exterior of the building; while the Roman theatres, therefore, 
did not exceed a semicircle, those of Greece had a greater curve. In 
the Greek theatres, however, the orchestra was not always extended 
beyond a semicircle by the curve ae continued, but sometimes by 
straight lines at right angles to the chord (or parallel to BB, in the 
plan of the Roman theatre, whose general form is so 8 |, the ex- 
ternal semicircle being prolonged by the colonnades), Grecian theatres 


were almost invariably built on the sloping side of a hill, so that, as | th 


regards the coelum, it was merely necessary to shape it out, and erect 
the seats ; rpg vad there was no other architectural exterior than 
that formed by Parascene (Mapacx4yn) and colonnade behind the 
stage: for which reason the degree of curvature did not manifest 
itself, The Roman theatres, on the contrary, were erected on level 
ground, and, therefore, the curved of the exterior was confined to 
a semicircle, a form which unites 

its s t lines. 


ter with the rectangular one and 

The theatre at Athens (called that of Dionysus) was by no means so 

ious as many others, its diameter being only 250 feet, and that of 
the orchestra 72 feet, which are very moderate dimensions in com- 
parison with those of some of the Asiatic theatres. The Odeion 
of Regilla, also at Athens, though similar in its general plan to the 
usual theatre, was a music-hall, and was covered in with a tent-like 
roof, with a semicircular eye or opening for light. Both structures 
were situated at no t distance from each other on the south 
side of the Acropolis; therefore the scena of the theatre had a northern 
aspect, and must have been in shadow while the performances took 


. The following is a list of such ancient theatres as are known, 
with the r ive dimensions of their general diameter and 
of their orchestra; which we haye for the most part taken upon the 


shape 
accordingly the statements of their dimensions are not to b strictly 
relied upon, though they are sufficient to enable us to estimate their 
com: ve size. 

Fortunately the ancient theatre was not taken as a model for modern 
structures of the kind. The revival of theatrical representations took 
place before anything was known relative to that branch of archwology, 
and a9 very di t circumstances. Dramatic i ts 
were in 


temporarily fitted up for that ; consequentl, 
permanent structures, as public Nasloon, : yi 


parry 
of the ancients. Imperfect as they were in man; 


attempt had been made to restore the form of the ancient theatre and 
stage, with the permanent architectural scena and its entrances, by 
io, Whose celebrated Teatro Olimpico at Vicenza is one of those 
things which have gained a traditional reputation far beyond their real 
eseomh of the 
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imitation, though its 
semi-elliptical instead of semicircular, with the 
axis of the ellipse ; and on this account it looks too much squeezed up 


disagreeable e! ing stage 

longer side ote of the same extent (96 x 45 feet), Itis said 
that the space to which the architect was restricted him to 
adopt that form, yet it oped oy hegre the published plans of 
the building, for it would not be difficult to show how a semicircle 


hal 


THEATRE. 


THEATRE. 194 


in. The scena, for which unlimited admira- 
i i barbarisms and solecisms. It 
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large theatres ; for, as the scenery can be painted only to one 
hat. o stage itself,—its perspective effect is more or 
seen e 
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after | number of 


lose the scenery altogether, they have the disadvantage of seeing 
between the wings on the side opposite them; and although the posi- 
tive inconvenience resulting from such arrangement is felt only by a 
portion of the audience, the bad effect occasioned by it extends to the 
whole theatre. Not only ought there to be a distinct proscenium, 
serving as an eihtinetarsl frame to the stage and its scenery, dividing 
that part of the theatre from the rest, but it ought to be of much 
am proportions than are now given it. It should extend so far a 
to leave some interval—a sort of neutral ground—between the curtain 
and the boxes, so as to remove the nearest spectator in them toa 
tolerable distance for properly viewing the stage as a picture; for it is 
possible to be as inconveniently near the stage as to be inconveniently _ 
distant from it. When, in order to contract the stage, or to render 
the pit and diameter of the house considerably greater than 
what is required for the width of the curtain, the plan is made to 
approach a circle (as is the case in nearly every theatre built within the 
last forty years), the boxes should be confined to the semicircle facing 
the stage; and, so far from being a blank, the curved space on each 
side between them and the curtain might be made to contribute very 
much to the architectural appearance of the whole house. This would 
not take away anything from the pit; and if it materially diminished the 
the boxes and seats in them, it would be only where there 
ought to be ing of the kind. The banishing of boxes from such 
situations, and ing also no more than two tiers, would certainly 
greatly abridge the present capacities of theatres : a house of the same 
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Académie de Musique 


La Scala, Milan. , St, Petersburg. 


La Fenice. Berlin, 


rt 
SP ee es A os i bd 


Vienna. 


Copenhagen. 


size would not contain the same number of persons as at present, when 

a large part of the audience are put where they cannot well see the per- 

formange. It is likely, therefore, to be objected that such a system 

would be too expensive, since a large house would be requisite for a 
‘ ° 
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comparatively moderate audience; but curtailments might very well 
be mete Ganka, for at present the whole building is frequently 
much larger and more costly than actual necessity requires, the 
“ house” itself, be its dimensions what they may, taking up a compara- 
tively small area of the entire plan, while the rest is occupied by 
stately approaches and saloons, which, where economy rendered it 
expedient, might be greatly abridged, and much plainer in style, and 
some of them omitted altogether as superfluous appendages, 

In some of the modern Continental theatres, plans of which are given 
on the previous page, the p displayed in the accessory parts of the 
building far exceeds an of the kind in this country, In that at 
Berlin, besides several other spacious a) ents, is a music-saloon 
38 feet high, 44 wide, and 106 feet in length in its upper part, 
where there is a screen of six Ionic columns at each end; the whole 
highly decorated, and forming one of Schinkel’s richest pieces of 
interior architecture. The theatre at Miinich has two staircases to the 
boxes, with flights of marble steps 13 feet wide; and besides two 
saloons for the public (each 82 x 31 feet), there is a very magnificent one 
communicating with the royal box—not a mere ante-room, but what 
would be termed a noble room even in a palace, its dimensions being 
46 x 44 feet, and 25 in height. In both these theatres, and in that of 
Genoa, the royal or state box is itself a room of some size, about 15 by 
18 feet, more or less; and according to the general custom of the 
Continental theatres, this box (which occupies the height of two tiers, 
and is adorned with caryatides in front) is directly in the centre of the 
house, facing the stage, consequently in the very best situation of all; 
whereas the situation usually assigned to royal visitors in our theatres 


is almost the very worst, so far as seeing the stage and the perfor-' 


mance is concerned. 

In regard to the form of the “ house,” a decided improvement has 
taken place of late years; and the circular plan, or one approaching to 
it (either extended by the curtain being a tangent to the,circle or 
somewhat beyond it, or reduced by the curtain intersecting and 
forming a chord to the segment), may now be considered the one 
established as being the most pleasing and commodious—that which is 
best adapted for affording a distinct view of the stage to the majority 
of the audience. But there is considerable difference of opinion as to 
its being the best form in regard to hearing. In fact, the science of 
acoustics is not yet thoroughly understood as regards practical purposes 
in building: it is easy enough to ascertain beforehand how much of 
the stage will be visible from different parts of the theatre, but not so 
what will be the result as to sound, since that will depend upon a 
variety of circumstances, some of them counteracting each other, and 
not every one of them to be guarded against or foreseen. The shape 
of the house is but one of these circumstances out of many: so much 
will also depend upon size, upon the depth of the boxes and galleries, 
and also upon accidental and such trivial matters, that any defect or 
advantage so occasioned is not likely to be traced to them. Here the 
chief guide is experience ; and experience seems at present to be in 
favour of, at least not all against, the circular form; for the new 
theatres at Mainz, Dresden; and other places where it has been adopted, 
are said to be satisfactory in regard to the actors being distinctly heard 
in every part of the house. 

While in their internal embellishment and fitting up theatres afford 
very great scope to the architect, though not so much as they might 
do, they also afford opportunity for accomplishing much in regard to 
characteristic external design. Magnificent as are the exteriors and 
facades of the theatres at St. Petersburg, Berlin, Munich, Bordeaux, 
and Nantes, with their poticoes and colonnades, there is nothing in 
them that very clearly expresses their particular purpose, because 
nothing that corresponds with, or indicates, the form of the ‘‘ house” 
itself within. Moller, we believe, was the first who made the internal 
plan discover itself from without, by making the auditory—at least the 
corridors and saloon surrounding it—project out as a spacious semi- 
circle, in the fagade of the theatre at Mainz. The same form of 
exterior has been given by Semper to the new theatre at Dresden, 
which is also remarkable for the display it:makes of sculpture. The 
new Covent Garden Theatre, it may be observed, is as deficient in 
character as any of the earlier structures of the same description men- 
tioned above. Its internal arrangements are also of a very common- 

lace nature. The forthcoming competition for the new Opera of 

‘oria may perhaps elicit ‘some originality of treatment; but as 
modern habits interfere with the taste for theatrical amusements, 
it is to be feared that theatres themselves will hardly inspire any 
great art. 

After all it is the stage, with its multifarious contrivances and 
complex mechanism, its scenery and pictorial effects, which manifest 
the extraordinary perfection to which the moderns have carried the 
seenic art. It does not enter into our purpose, however, to speak of 
stage mechanism, which is a subject and study by itself, and not other- 
wise connected with theatres and their architecture than as being 
made use of in the former, Those who seek for information of the 
kind will meet with many plates showing the stage construction and 
mechanism of Plymouth Theatre, in Foulstone’s ‘ Public and Private 
Buildings, in Cavo's ‘ Architectonique des Theatres,’ &.; and, with 
more general and complete instructions, in Stephenson's work on 
the machinery of theatres. We will only observe that very great 
improvements and numerous contrivances for producing stage and 


scenic effects had been introduced into theatres at the commencement 


of the 17th century, 

THEATRE. Before the reign of Elizabeth theatrical representations 
appear to have been subject to no legal restraint beyond the liability 
of those who conducted them to the t laws, 

But, although players, as such, were subject to no legal 
restrictions, it is probable that the practice of granting licences from 
the crown to such persons ed as early as the reign of 
Henry VIII. The earliest theatrical licence from the crown now 
extant is that granted by Queen Elizabeth, in 1574, to James Burbage 
and four other persons, ‘servants to the Earl of Leicester,” which con- 
tains a proviso that the performances thereby authorised, before they 
are publicly represented, shall be seen and allowed by the queen's 
master of the revels; a stipulation analogous to the of the 
lord chamberlain under the Licensing Act at the present day, These 
licences from the crown were originally nothing more than authorities 
to itinerate, which exempted strolling players from being molested by 
proceedings taken under the laws or proclamations against vagrants, 
and also superseded the necessity of licences from local magistrates, 

Although theatrical representations became much more general in 
the reigns of James I. and Charles L, no laws were enacted for their 
regulation, with the exception of the stat, 1 Car. I. c. 1, which sup- 

the performance of “ interludes and common plays” upon the 

ord’s Day. An ordinance of the Long Parliament, in 1648, was 
directed to the suppression of all plays and interludes, but 
though occasionally enforced with m rigour, it failed to abolish 
these entertainments. The stat. 12 Ann. stat. 2, c. 23, in general 
terms, classed players of interludes as rogues and vagabonds; but the» 
stat. 10 Geo. IL.,c. 28, 8, 1, expounded the former statute, by enacting 
that “ every person, who should for hire, gain, or reward, act, repre- 
sent, or perform any play or other entertainment of the stage, or any 
part therein, if he shall not have any legal settlement where the 
offence should be committed, without ee & by patent from the 
king, or licence from the lord chamberlain, should be deemed a rogue 
and vagabond within the stat. 12 Ann.” This provision is now 
repealed by the stat. 5 Geo. IV. c, 83, and players as such, whether 
stationary or itinerant, are, at the present day, not amenable to the | 
law as rogues and bonds. By the 2nd section of the above statute, 
10 Geo. IL. c. 28, which, with the exceptions just mentioned, is still in 
full operation, and forms the law of the metropolitan theatres, it is 
enacted generally, that ‘‘ every person who shall, without a ge or 
licence, act or perform any entertainment of the stage for hire, gain, 
or reward, shall forfeit the sum of 501.” By the 3rd section it is 
declared, that “no person shall for hire, gain, or reward act, perform, 
or represent any new interlude, tragedy, comedy, o) play, farce, or 
other entertainment of the stage, or any parts therein ; or any new 
act, scene, or other part added to any old interlude, tragedy, comedy, 
opera, play, faree, or other entertainment of the stage, or any new 
logue or epilogue, unless a true copy thereof be sent to the lord 
chamberlain of the king’s household for the time being, fourteen 
days at tlie least before the acting, representing, or performing thereof, 
together with an account of the play-house or place where the same 
shall be, and the time when the same is firat intended to be first acted, 
represented, or performed, signed by the master or manager.” The 
4th section authorises the lord chamberlain to prohibit the perform- 
ance of any theatrical entertainment, and subjects the ms i 
ing this prohibition to a penalty of 50/., and the forfeiture of th 
patent or licence, The 5th section provides that ‘no person shall be 
authorised by patent from the crown, or licence from the lord cham- 
berlain, to act, represent, or perform for hire or reward, any interlude, 
tragedy, comedy, opera, play, farce, or other entertainment of the 
stage, in any part of Great Britain, except in the city of Westminster 
and within the liberties thereof, and in such places where the 
shall personally reside, and during such residence only.” The 7th 
section enacts, that “if any interlude, tragedy, comedy, opera, play, 
farce, or other entertainment of the stage, or any act, scene, or 
thereof, shall be acted, represented, or performed in any house or 
where wine, ale, beer, or, other liquors shall be sold or retailed, the 
same shall be deemed to be acted, represented, and performed for gain, 
hire, and reward.” Within a few years after the passing of this act of 
parliament, the clause which restricted the power of granting its 
by the crown to theatres within the city of Westminster and of 
royal residence, was found to be productive of inconvenience; and 
special acts of —— were passed, which exempted several large 
os oth whic! “gr See were Sorat from the operation 
°. t clause, and authorised to grant letters for establishing 
theatres in such athe 

A further relaxation of the rule established by the stat. 10 Geo, II. 
¢, 28, for the regulation of theatrical performances, was effected by the 
statute 28 Geo. IIL. . 30, in favour of places which could not be 
expected to bear the expense of a special act of parliament. By this 
latter statute, the justices of the peace at general or quarter sessions 
are authorised to license the performance of any such tragedies, 
comedies, interludes, operas, Pley®, or farces as are represented at the 
patent or licensed theatres in Westminster, or as have been submitted 
to the Lord Chamberlain, at any place within their jurisdiction not 
within 20 miles of London, Westminster, or Edin’ d 
of any patent or licensed theatre, or ten miles of the 
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homologous 
cocoa with 
the excess of acetate of lead from the filtrate, and then 


to dryness. The residue is to be treated with boiling 
deposits of theobromine on cooling, These are 


80 in alcohol or ether, It possesses a sli 
sublimed without oar 


very slightly soluble in boiling water, and still lees | been used 


THEOCRACY (6coxpatta, a government by God) is a term applied to 
the constitution of the Israelitish government, as established by Moses, 
on account of its being under the direct control of God. In fact, in 
the earliest form of the Israelitish constitution, God was their king ; 
and the desire of the people to have a king at the time when Saul was 
raised to that office is expressly declared to be an act of rebellion on 
their part. (1 Sam., viii. 7.) 

The theocracy did not supersede the establishment of a visible 
human , consisting of judges and other officers, but all 
these officers were considered as subordinate to God as the only 


ae ruler of the state. 
HEODOLET, or THEODOLITE (the word is found in both forms), 
is the name generally given to the instrument used for measuring 
horizontal angles. In its simplest form the theodolet consists of a 
divided circle, which is to be set parallel with the horizon, and a 
which has so much motion in a vertical plane as to enable the 
observer to view any object which he may require above or below the 
horizon. The derivation of the word is obscure, although the instru- 


, | ment and its name are comparatively of recent date. The earlier 


observers did use divided circles, which they called astrolabes, 
armillas, &c. [AsTROLABE], for the pu’ of surveying, but these 
were, , Very rude, e quadrant was employed in 
all accurate surveys up to the latter half of the last century, although 
Roemer had shown by reason and example the superiority of the entire 
circle, [CrroxE.] first instance of a survey conducted with an 
entire ‘le, on a considerable scale, was, so far as we recollect, the 
Survey of Zealand by Bugge, in 1762-8. (See Bugge’s ‘ Observationes 
Astronomice,’ p, 54, where he refers to a description of this instrument 
in Danish, sad p. 61, where he states its merits.) The horizontal 
bing was two feet in diameter, and constructed by the Danish artist 


Ramsden finished his great theodolite in 1787, the circle of which is 
three feet in diameter, This was used for a triangulation, to connect 
the Observatories of Greenwich and Paris. A very full description of 


itis Be in ‘ An Account of the tions carried on for accomplishing 

Survey of Eng and Wales, London, 1799, pp. 
107-130, with four plates; a a great measure, from the 
‘Phil. ‘Trans.,’ vol. 80 et seq. 


t, in a 

principal triangles of the English, 
Trish, and Indian ree hse been observed with this instrument or 
with those nearly identical in size and construction ; and though several 
minor additions and improvements have been made, the great theodo- 
lite is still considered as a very efficient and almost infallible instru- 


ment. We believe that the high reputation of the great theodolite 
depends in Lh gonw degree on the superstitious care with which it has 

preserved : it is undoubtedly a very fine, well-divided 
instrument, but in common hands its want of solidity and firmness 
would probably have been felt. It would be impossible as well as 
useless to give an account of the various constructions of different 
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artists at homeand abroad; but the reader who desires to see what had 
been done up to 1851 is referred to the Jury Report, Class X., where 
the surveying and levelling instruments theodolites of the Great 
Exhibition are pretty fully noticed, as to their new points and from 
the personal observations of Mr, Glaisher. The general properties of 
a theodolite, that it should be firm, well balanced, &c., will easily 
recognised by a person who knows how to make good use of the 
instrument, and we shall advert in the course of this article to some 
of the qualities which are, and to others which are not, essential. 

We have given on the preceding page a sketch of the theodolite in its 
simplest form, such as would be proper for the secondary triangulation 
of a national survey, or for the most accurate private survey. The 
tripod which carries the instrument rests with three foot-screws in brass 
notches let into the top of a wooden stand. The legs of the stand are 
not fully represented, but the two parts of which each is composed end 
below in a strong and sharply-pointed metal socket. The circle is fixed, 
and the upper works, telescope, verniers, levels, &c., turn on a centre, 
which may be seen just under the cross of the telescope. The adjust- 
ments are very eae The wooden stand is first set down with a good 
opening of the legs, and the top nearly horizontal. The foot-screws are 
placed in their notches, the plumb-line hung from its hook, below the 
centre of the circle, and the telescope turned round till one level is 
parallel to the line joining two foot-screws, while the other level is in a 
line from the third foot-screw to the centre. Bring the bubble of the 
first-mentioned level into the middle by raising one of the two foot- 
screws and depressing the other, and then adjust the cross-level by raising 
or depressing the third foot-screw alone. Now turn the telescope round 
180°, and if the bubbles are not in the middle, bring them half wa; 
there by touching the foot-screws, and the other half by screws whi 
adjust the levels themselves. When this has been nicely done, the 
bubbles will remain in the middle in every position of the telescope. 
If the objects to be observed lay all in the horizon, or in a plane 
parallel to it, the above adjustment would be sufficient ; but when the 
objects are out of the horizontal plane =e must be referred to it by a 
perpendicular, that is, the plane descri by the telescope must be a 
great circle, and must also pass through the zenith. There are 
generally two wires at least in the focus of the telescope, one horizontal 
and the other vertical. Place the eye-piece to give sharp vision of the 
wires, and turn the milled screw, seen towards the object-glass, until 
the objects you are going to observe are distinct. Place the vertical 
wire on any well-defined object, making the bisection near the crossing 
of the wire ; raise or depress the telescope until the object is mph d at 
the bottom or top of the field ; if it is still bisected, the wire is rightly 
placed, but if not, twist the tube carrying the eye-piece so as to effect 
a bisection. To make the telescope describe a great circle, select some 
well-defined object near the horizon, and bisect it: now take ‘the 
telescope very carefully out of its y’s, reverse it, and look again at the 
object. If it is still bisected, there is no error; but if not, the bisec- 
tion is to be effected half by the tangent-screw of the instrument and 
half by the screws which carry the wire-plate, screwing up one and 
releasing the other. Restoring the telescope to its first Ergo it 
will be seen whether the adjustment is correct, and if not, the process 
must be repeated until the bisection is the same in both positions of 
the telescope, the clamp and tangent-screw remaining fixed. For the 
adjustment of the axis of the telescope a level would be convenient, but 
in this instrument the axis is a pe to have been correctly placed by 
the maker, and the only mode of correcting any error is by filing the 
y's, It may be ascertained whether the axis is tolerably correct as 
follows :—Bisect an object as far above or below the horizon as the 
motion of the telescope will allow. Reverse the telescope, and if the 
object is still bisected, the pivots of the telescope are the same size : 
if not, the observer must deduce the difference of the pivots from the 
altitude and the error observed, which is not difficult. When this has 
been satisfactorily executed, bisect, as in the last instance, an object as 
far as possible from the horizon, and read off the verniers. Turn the 
instrument round 180°, return the telescope end for end, bisect the 
object again, and read off the verniers. If the mean readings differ 
exactly 180°, the axis is horizontal; but if they do not, the observer 
will have sufficient data from this, and the altitude or depression, for 
determining the quantity and direction of the error, which he may 
correct by the file or by calculation, according to his pleasure. There 
is a much easier method of examining the position of the axis by 
observing an object directly and as seen by reflexion from a fluid, as 
mercury, oil, or water. The axis is truly horizontal when the vertical 
wire bisects the object and its reflected image without moving the 

mt-screw. It must be recollected that the adjustments of the 
horizontal circle already described must be previously and very 
scrupulously performed betone attempting the examination or adjust- 
ment of the cross-axia. 

As the objects in a survey are at very different distances, an adjust- 
ment is required for forming the image exactly on the wires.‘ The use 
of the milled screw, seen towards the object-end of the telescope for 
this purpose, has already been mentioned. 

In use, this theodolite should be placed on a repeating table or tri- 
pod, such aa is to be found figured and described in Rergzatine Cracie, 
and the repeating-tripod upon the stand. This was not done in the 
present plan for the sake of clearness. To adjust the repeating tripod, 
place the levels ag described in the first adjustment, and clamp the 


theodolite. Bring the foot-screws of the theodolite over the foot- 
screws of the repeating-tripod by the motion of the tripod, and then 
by touching the foot-screws of the tripod or theodolite set the level- 


bubbles in the middle. Turn the upper plate of the tripod half-round, 
and again bring the bubbles into the middle, half by the tripod foot. 
screws, half by those of the instrument, and repeat the operation until 
the revolution of the repeating-table does not alter the position of 


the level-bubbles. The repeating-stand is now clamped, and the 
Sgeeranens itself is to be adjusted exactly as we have described 
above, 


The course of observation after the instrument is is very 
simple. The problem is to measure the horizontal angle between two 
objects. Turn the telescope two or three times round in the direction 


in which you intend to observe, then bisect one of the objects, read 
off the verniers, and take a mean; bisect the second object, read the 
verniers, and take a mean. The difference between the two means 
is the angle required. This is all that can be done by the instrument 
as say t mounted ; but with a repeating-table the operation is con- 
tinued, thus :—Bring the telescope io on the first object, by the 
motion of the repeating-table, using its clamp and tangent- 
Sd the motion of the instrument bri 

object. 


tween the mean of these new readings and the 
mean will also be the angle required. By continuing she peor ee 
angle may be measured as often as the observer t is evident 
that all i ff, except the first and last, are superfluous, save as 
checks, or as giving the means of estimating the accuracy of the final 


tions as nearly as possible, when the excentricity of the repeating-table 
will be eliminated, a matter of possible sane Med, if the objects are 
near and the repeating-table carelessly made, or, if the objects are 
pretty distant and this caution superfluous, when the verniers are 
nearly at the divisions at which you set out, which gets rid of or at 
least diminishes any errors of division. The latter condition is how- 
ever rather a speculative than a practical one. As the error of divi- 
sion is divided by the number of observations, and the casual error of 
observation only by the square-root of the same number, it is evident 
that a moderate number of repetitions in our excellently-divided circles 
will reduce the error arising from mal-division to a much smaller 
quantity than that which balangs to the class of casual error of 
observation. : 
. The essential condition of repetition is, that the motion of the theo- 
dolite shall not disturb the repeating-table. The motion of the latter 
therefore should be as heavy as will admit of nicety in the tangent- 
screw, While the motion of the parts which move with the telescope 
should be as light and free as is consistent with firmness, There is, 
we believe, no difficulty whatever in effecting both these points; but 
lest any error should arise from repetition, we should recommend a 
careful observer to determine his angles by two series,—one by always 
moving the telescope and its tangent-screw forward, and the repeating- 
stand and its screw backwards; and another, by reversing the Papen 
If the two results agree, as they should do within the limits of casual 
observation, the mean is probably free from all other error; and if 
they do not, the observation should be repeated and varied until the 
quantity and probable law of the error is ascertained. We should 
then be able to say decidedly where, when, and under what precau- 
tions, repeating was a safe as well as a convenient and economical 
process, which.at present is rather a verata questio, unless the 
eget be supp to be against all repetition, to which we do 
not bow. y 
The foregoing description has been confined to a form of theodo- 
lite which is not in ordinary use, though from its simplicity and 
power it is well ada to the purpose of explanation, The common 
theodolite is gen carried by a pair of parallel plates, fixed on 
a three-legged staff. The lower of these circular plates is screwed upon 
the staff, and has an aperture above the screw. The upper plate hasa 
strong descending shank which passes loosely suoaee 
A button of a spherical form is fixed on the end of the 
vature Mi aap and rubs against the under surface of the lower 
plate, which is dome-shaped to fit it. Four bapen fo atid pass through 
the upper plate and abut with their lower ends against the lower 
plate. When the screws are turned the plates are separated until the 
button and the spherical surface pepe s it rubs are brought into 
squeezing contact. ‘To level the theodolite, set the levels each parallel 
to a diagonal pair of screws of the parallel plates. Then screw one 
pair until you come to a bearing, and by releasing one screw and 
screwing up the other, but not very tight, set the corresponding level 
horizontal; leaving this pair and taking hold of the other pair set the 
second level also right, and if the first level is deranged, as it probably 
will be a little, restore its position by screwing up the proper screw. 
Turn the teleseope half round and correct the error, half by the 
parallel plate-screws, and the other half by the level-adjustments them- 
selves. It is desirable that, when the final adjustment is made, the 
screws should bite pretty hard, otherwise there is a great chance that 
the upper plate will turn a little during the observation. This objec- 
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tion would seem fatal to the use of parallel plates where great nicety 
is required; they are however very convenient and of very ready use, 
and perhaps if the screws are strong and the observer is careful to give 
the telescope three or four turns round in the direction he means to 
observe, before starting, and always to move the telescope the same 
way, serious error may be avoided. The first object observed should 
always be observed at the end of the service, in order to see whether 
there has been any change in the original position. . If one of the 
screws rest in a notch, perhaps the tendency to twist may be wholly 
overcome. 

Another contrivance which is to be found in almost all theodolites 


turbed must be restored to the zero-tangent screw, before the observa- 
tion is finally made. In some theodolites made for the Indian survey, 
under the direction of Colonel Everest, the zero and slow-motion clamp 


accuracy. A eer cx portion of a circle, is then fixed upon the tele- 
ern ee necessary verniers and level may be secured by a 

il-piece or otherwise to the support. If the vertical angles are to be 
measured as accurately as the horizontal 


depressions, This has since, yery properly, been removed, and a whole 
circle substituted. 

Where a theodolite is merely used for surveying, the telescope 
requires only a moderate vertical range. Mr. Troughton fixed a por- 
tion of a circle (which may be more properly called a slice than a 
sector) to one or two of his 12-inch theodolites, and this construction 
is often found in other makers. The telescope is thus kept lower, the 
instrument is firmer, and the larger radius gives the portion of the 
cirele a seeming advantage over the entire circle of smaller radius. 
There is, however, something very unsatisfactory in a portion of a 
circle, and we should prefer a sort of compromise, giving the supports 
such an elevation as would allow a vertical circle of about half the 
dimensions of the horizontal circle, If the direction of the meridian is 
to be determined by this instrument, the sup must be at least so 
high as to see 2” or 3° above the latitude of the place, and the vertical 
cirele may be increased accordingly. 

It is perhaps requisite to give some description of the mode of 
adjusting the vertical circle. Where the supports are high enough to 
allow the telescope to pass when turned round in a vertical plane, all 
the adjustments are the same as in the altitude and azimuth circle. 
a When the telescope is too long for this, the circle must be 

out of its y’s, in order to bring the line of = again upon the 
object to be bisected, and then set down again. e operation is, in 
fact, the same, whatever be the nature of the vertical arch, and the 
pe pec mye is to be effected either by altering the level or the horizon- 
tal wire until the ing is the came in both positions of the telescope. 
If the observer has a y level, or collimator, he can set the cross of his 
level-wires horizontal, and this being bisected by the telescope of the 
theodolite, the vernier must be made to read zero, and the bubble of 
the level be brought to the middle by its proper screws. Or if the 
-obseryer possess two stands (and there is a great convenience in 
haying more stands than one in surveying), he may place the stands at 


a considerable distance from each other, and, fixing the instrument on 
one stand, and a mark of exactly the same height as the telescope-axis 
on the other, observe the mark, noting its elevation or depression. 
Now, exchanging the instrument and mark, he must re-observe the 
depression or elevation exactly as before. On drawing the figure, it 
will be seen that if light move in a straight line, 90°—elevation at 
lower station=90—depression at higher station+the angle between 
perpendiculars to the earth’s surface at each station, which last quan- 
tity is known from the distance between the stations, and may be 
easily calculated, that is, depression — elevation = a known angle. But 
if the zero is wrong, depressions will be increased while elevations are 
diminished, and vice versd, so that depression observed — elevation 
observed — the known angle, instead of being = 0, will be + 2 error of 
the vernier, which may be corrected accordingly either by the adjust- 
ment of the level or of the horizontal wire. Or, lastly, if the telescope 
has so much motion as that.a star can be observed directly and by 
reflexion from mercury or any other fluid, the index-error of the verti- 
cal circle may be most accurately determined thus :—Take any star in 
the meridian, and having observed it directly, observe it immediately 
after by reflexion. If great nicety is required, the observations should 
be repeated alternately several times, and the partial results reduced to 
the meridian. The mean reading between the meridian altitude and 
meridian depression is the reading which corresponds to the horizon, 
and the difference of this from 0, or 90°, acording as the circle reads 
altitudes or zenith distances, is the error of the instrument, which may 
either be corrected or allowed for. This method, though very accu- 
rate, requires some knowledge of the time, and is rather restricted 
by the choice of stars. It is nearly as safe to observe a star not far 
from the east or west point, first directly, then by reflexion, and lastly, 
directly, making the contacts at following whole minutes, or at even or 
odd minutes if the interval of a minute is not sufficient. As the stars 
rise nearly uniformly in this part of the heavens, the mean of the first 
and third observations should give an altitude equal to the depression 
observed midway. The discrepancy between these results will be the 
double index-error as before, which may be corrected or allowed for. 
By some of these methods the index-error of the vertical circle or sector 
is to be found, 

In some of the older theodolites the telescope rides in y's at the top 
of the vertical arch, and is reversible as a level. The horizontal posi- 
tion of the telescope y’s can therefore be found as in any other level, 
and the verniers of the vertical circle set to zero when the telescope is 
horizontal. The vertical angles measured by these instruments are 
not, however, to be greatly depended on. They are usually greatly 
out of balance in all positions of the telescope, except the horizontal 
position, and therefore they make better levels than altitude instru- 
ments. This error may be partially got rid of by having a second level 
fixed to the instrument which is parallel to the plane of the vertical 
circle, and adjusted to the telescope-level when that is horizontal. . If 
this supplementary level is pretty well graduated, it will show the tilt 
which is given the plane of the instrument by want of balance, and so 
give the correction required. 

It may be as well to mention here that the principal adjustment 
being that of setting the plane of the theodolite horizontal, or, more 
correctly speaking, the principal axis vertical, any horizontal level any- 
where placed is sufficient for the purpose, though the cross-levels are a 
little handier. A box-level is convenient, if a stand and repeating-table 
are used, to bring the planes nearly horizontal, and to make both ends 
of the bubbles visible at first. 

Many surveyors give themselves and the instrument-maker a great 
deal of unnecessary trouble by being very difficult on the chapter of 
excentricity, which they confound with error of division. The English 
dividing-engines, up to the present time, do not divide the circles upon 
their centres ; and therefore it frequently happens that the point round 
which the circle turns is not the point round which it is divided, 
When this error is not absolutely monstrous, the only effect is that one 
yernier gains what another loses, and that the mean of two opposite, 
or of three, four, or more equidistant readings, is precisely the same as 
if there were no excentricity. The advantage of a little excentricity is, 
that it gives you the benefit of an unbiassed reading at every vernier 
as well as the-first ; again, if all the verniers are recorded, it is a check 
on the dishonest observer, who might read one vernier and set down 
the rest. The instrument-maker must please his ignorant customer, 
and so either hammer his circle after it is divided, which may deform 
his work, or have an adjustment, which injures its solidity. 

In Ramsden’s great theodolite, and several others which haye been 
made, the circle is read off by micrometer microscopes. Sometimes 
the microscopes revolve with the telescope (as the verniers do in our 
figure) ; sometimes the microscopes are fixed, and the circle revolves 
with the telescopes, as in Ramsden’s theodolite. 

Ertel of Miinich has made several astronomical theodolites in which 
the rays entering into the telescope are reflected along the horizontal 
axis by a prism. The observer therefore looks in at the end of the 
horizontal axis, whatever the position of the star may be. The eye 
and body of the observer are more satisfactorily placed, and the sup- 
ports are kept close and snug to the horizontal circle. The instrument 
is well adapted to one of its principal objects, observing stars at their 
passage over the prime vertical [Transit]; but there is some trouble 
in finding an object when you have no better direction to look for it 
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than your eye affords. Excellent latitudes have been determined b 
instruments of this class used in the prime vertical, and even the am 


vertical circle seems from some accounts to possess more power than 


from its dimensions we should have thought probable. As a general 
rule, the greater the number of i the less the effect of bad 
division, but beyond a limited number, the trouble and ty of 
reading-off is found in ce to counterbalance the advantage. Two 
opposite readings the effect of excentricity; three or four equi- 
distant readings destroy such an error as would arise from the circles 
becoming elliptic after it was divided, or any error which follows the 
same law. In small stoutly-made theodolites we think two the most 
convenient number, and they can be much more conveniently read off 
than a larger number. When the circle is so much as 8 inches in 
diameter and the telescope good, we should prefer three or four 
readings. The vertical circle or sector may have two opposite readings. 
For many matters connected with surveying on the most extensive and 
accurate scale, see the memoirs published of the English, Scotch, and 
Irish Trigonometrical Survey; and the ‘ Base Métrique,’ or account 
of the French measurement of an arc of the meridian, although 
that survey was conducted by a different instrument. Similar opera- 
tions have been carried on in many countries during the last seventy 
or eighty years, and the memoirs which relate to these surveys contain 
the best information which can be had on the subject. 

* It should be mentioned that Mr. Simms has introduced a 7ransit 
Theodolite, or portable altitude and azimuth instrument, for the use of 
the scientific traveller and engineer. The ordinary vertical are of the 
theodolite is extended to a complete circle, and is read by two opposite 
verniers. The range of the telescope is unlimited, and by means of a 
diagonal eye-piece observations can be made in the zeni The axis 
is perforated for illumination of the field of view. The instrument is 
8 inches in diameter. 

THEODOSIAN CODE. Inthe year a.p. 429 Theodosius IT, appointed 
a commission of eight persons, at the head of whom was ‘Antiochus, to 
form a code out of all the constitutions and other laws which had been 
promulgated since the time of Constantine the Great. The code was 
to be formed on the model of the private compilations respectively 
called the Codex Gregorianus and the Codex Hermogenianus. Either 
nothing was done by this commission, or, for some reason, a renewal of 
it was thought necessary, and this renewed commission received its 
i ions in the year 435. This second commission consisted of 
sixteen members, with the same Antiochus at its head. In remodelling 
their materials the commission was empowered to omit the superfluous, 
insert the necessary, change the ambiguous, and reconcile the incon- 
gruous, 

The code was completed and pro das law in the Eastern 
empire in the year 438; and it was declared that the laws enacted 
since the time of Constantine should only be in force so far as they 
were incorporated into this code. The code was forwarded in the year 
488 by Theodosius to his son-in-law Valentinian III., who confirmed it 
and laid it before the Roman senate, by whom it was received. In the 
year 448 Theodosius forwarded to Valentinian other constitutions 
which he had made since the completion of the code, as circumstances 
had arisen; and these new constitutions were promulgated in the 
Western empire in the same year. The new constitutions were called 
Novellae, and all such new constitutions which were interchanged 
between the East and West, and had reference to the code of Theo- 
dosius, were called by the name Novellae. This interchangé subsisted 
as long as the empire of the West continued : the last constitution of 
the kind that we know is one of Anthemius, who was contemporary 
with Leo L. in the Eastern empire: it belongs to the year 468, and 
relates to Bona Vacantia. 

This code consists of sixteen books, which are divided into titles, and 
the titles are subdivided into sections. The arrangement of the matter 
differs from that in the subsequent compilation of Justinian, also called 
the Code. The code of Theodosius treats of Jus Privatum in the first 
part, and especially in the second and fourth books, both included, and 
in the beginning of the fifth: the following books treat chiefly of Jus 
Publicam. The first book treats of offices, and the sixteenth book 
treats of matters pertaining to the Christian church. The code of 
Theodosius was the first great compilation of the kind, and it was 
much used in the compilation of the code of Justinian. It also forms 
the basis of the code of the Ost , called the Edictum Theoderici ; 
it was incorporated into the code of Alaric II., commonly called the 
Breviarium, in an abridged form, accompanied by a continual =, 
tation or explanation ; and it was used Ta the compilation of the Lex 
Romana of the Burgundians, which is often incorrectly called Papiani 
Liber Responsorum. 

The greater part of the Theodosian code and of the Novellae Con- 
stitutiones exist in their genuine state: the first five books of the code 
and the beginning of the sixth are chiefly found only in the Breviarium, 
The excellent edition of J. Gothofredus (6 yols. fol., Lyon, 1665, re- 
edited by J. D. Ritter, fol., Leipzig, 1736-1745), and also the edition of 
the Jus Civile ‘Antejustinianeuns, bertia, 1815, have followed the text 
of the Breviarium for the first five books and the beginning of the 
sixth. But Clossius and Peyron have subsequently made additions to 
the first five books, ca? sige g to the first ; the former from a 
Milan MS. of the Breviarium, and the latter from a Turin palimpsest 
of the Theodosian Code, (‘Theodos, Cod, Genuina Fragmenta,’ &c., 


W. F. Clossius, Tiib., 1824, 8vo.; ‘ Cod. Theodos. Fragment. ; 
Amad. Peyron, 1823, 4to.) Hiinel has also added to the later books. 
THEOLOGY (@eoAoyla), the science which relates to God. ; 

1, Definition of Terms.—All that men know of the nature of oy 
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province of the science of theology ; and the truths of religion, 
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ee ae Sack chitdnay'se te natural 
metaphysics to the a 0) to language. 
words theology and religion are used as synon: terms; but such 
fee ae era 
e above definition applies to the word as it has been understood 
for some centuries; but its earlier use was somewhat different from 
this. The 6¢0a of the ancient Greeks was giAovopla wept rév 
Gelwy, the phil of divine existences ; and it included all questions 
ting to the origin, the nature, and the service of the gods. 
ting to the origin and mode of existence of the gods, Aristotle uses 
the verb (‘ Metaphys.,’ i. 8); and Cicero the noun theologus 
Ki es Nat. Mand, iii. ary Pn ot cation the word ‘Dasebian, used 
arro (Augustin. ‘ tat. Dei,’ vi. 5; compare 
t. Evang,,’ iv., 130), who distinguishes three different kinds 
of theology: (1) pududy, or mythi ‘ 
guotxdy, or naturale, physical, or 
(3) wodrrixdy, or civile, political or popular. Of these, the first is the 
pope fd poets, the second that of philosophers, the third that of 
the people. 

In the New Testament the word is not used. (The title of the 
Apocalypse, in which the word @eéAcyos is applied to the author, is 
much later than the book itself.) [Apocatypsr.] The simpler terms 
knowledge (yvais) and faith (xloris) are those which approach most 
nearly to the meaning of the word theology ; but the fact being that 
theology, as a system, is not taught in the New Testament, there is 
nothing surprising in the absence of the word. ; 

ly, the modern usage of the word, as ¢: in the above 
definition, was first adopted by Peter Abailard (ob. 1142), who drew u 
a system of scholastic divinity, to which he gave the title of * 
Christiana.’ It should be remarked that instead of the Greek word 
theology, the Latin word divinity is often used to describe the science 


1 ion. “ 

2. Divisions of the Science—With reference to its foundation, 
theo) is divided, as explained in the i into 
N and Revealed, or positive. The latter word is used to indi 
that the foundations of revealed theology are the expressed will of God ; 
just as we speak of positive laws. The term positive is also 
used to describe any system of theology which rests upon authority, as, 
= example, the system embodied in the formularies of a 


According to the method of treating the ve mre Picervan § is divided 
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roof of their authority, and the explanation of their meaning, that is, 
Breptcnl Theology ; (2) the investigation, ent, 8 
of the truths so revealed, that is, Systematic Theology ; (3) the workings 


and changes of religion among those who have professed it, or Histori- 
cal 7’ . Practical Theology has for its subjects the duties of 
practical religion, and the various modes of eé' 

and with 

care and government of a church, 

8. Dogmatic Theology, or Dogmatics, means more than the term 
tematic theology. The province of the latter is simply to give to 
scattered truths of revelation the scientific form of a connected system, 
in aged manner may seem most ae to the framer of i: 
system ; but ic theology aims at forming a system which shall 
accepted as binding by a large body of religionists, and then views all 
religious truth in the light of that system. It is systematic theology, 
bar Fer Downe "hioloy rive Controversial Theology tha’ 

ut o: ic Theology sp i , or that 
mode of treating the subject of religion in which some particular 
system of dogmatics is defended, or some other system attacked. : 

See, further, the articles Canon; Mrractr; Ratronauism; and 
Revetation ; in which many of the subjects of dogmatic controversy 
are discussed. 3 

‘THEORBO, a musical instrument of the lute kind, which has long 
fallen into disuse. This instrument has been called the Cithara 
Bijuga, its two heads having been erroneously considered as two necks ; 
and it was commonly known under the name of Arch-lute, on account 
of its magnitude. upper and middle strings were attached to the 
lower head or nut; the lower, or base « , to an upper or addi- 
tional one, According to Maister Mace (1676), the Theorbo was the 
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THEORY, THEORY AND PRACTIOR. , 


old English lute very much enlarged, and used chiefly, if not only, as 
an accompaniment to the voice. . 

THEOREM (@cépyua) means properly a thing to be looked at or 
seen ; is used in mathematics to signify any proposition which 
states its conclusion or makes any affirmation or negation ; as distin- 
guished from a ProsieM, which demands or requires a conclusion to 
be arrived at, without so much as stating whether that conclusion is 
even possible. Thus: “ Required to draw a tangent to a circle at a 
given point,” is a problem ; but “ If a straight line be drawn at right 
angles to a diameter from its extremity, that straight line is a tangent 
to the circle,’ is a theorem. The problem asks discovery both of 
method and demonstration ; the theorem asks demonstration only, 

This distinction, as noticed in detail in Prope, was not made by 
the older Greek geometers. Theodosius is the first, so far as we know, 
who uses the word theorem, but none of his propositions are problems. 

is the first who uses both terms in the distinctive sense. 

THEORY, THEORY AND PRACTICE. If articles upon the 
mere meaning of words be admissible, it is the consequence of the 
manner in which the words are psed. Of all the fallacies which infest 
society, the most common is that of applying to one sense of a word 
ideas or associations derived from another; and of all the words in 
use, there are few which are more often subjected to such process than 
rere: See hand eS ; 3 

theory, properly speaking, is meant le of making seen an 
BR cag vy ae alg truths upon one another : a theory is a con- 
nected body of such truths belonging to one or more common 
The use of this word has enlarged with the boundaries of 

For example, before the discovery of universal gravita- 
tion, all that was known of any one 


out every 
inequality of the planetary motions, those which were previously known 
from observation and more, and shows how to form them int tables. 
The ical astronomer makes these tables, computes places from 
them for the current year, compares these places with the results of 
observation, and returning the comparison into the hands of the 
theorist, enables him, if need be, to correct the original n i 
aapied his methods, or to detect new inequalities. 
The process is now uctive ; but before the time of Newton it was 
the other way. The observer had the first task ; the inequalities were 
to be collected from comparison of observations, and their laws, reduced 
to the sim: form, were the data for future tables. 
Again, the introduction of the undulatory hypothesis, the 
theory of light consisted in the exhibition of the laws of reflexion and 
refraction, with a certain extent of explanation from the emanatory 
hypothesis of Newton. Since that time the theory of light has 
become, though at a distance, a resemblance of the theory of gravita- 
tion in its character : iction has commenced, that is to say, the 
———- which would appear under certain new circumstances have 
announced before any experiments were made to discover them ; 
and correctly announced, This is the end to which theory ought to be 
constantly tending ; cong A the discovery of laws of’ action in so 
complete a manner that necessary consequences of those laws 
never fail to make their appearance, so that ing which is seen is 
found to be a consequence of the laws when examined, and every con- 
— of the laws is seen ote enled pipet looked for. Whatever 
these conditions may be calleda ect theory, or a ‘ect 
mathematical theory. 0 
The next step in the chain of discovery is one which may in most 
cases be incapable of attainment. For example, nothing is more 
certain than that the pene. a of every particle of matter attracting 
every other ticle, ing to the Newtonian law, leads to the 
complete uction of the celostial motions, and gives the complete 
power of prediction just alluded to. But whether this arrraction 
does actually take place, or whether any intermediate agent is 
employed, though it matters nothing at present to the mathematical 
, is the next object of inquiry. Could this point be ascertained, 
it is more than probable that the knowledge of the constitution of 
matter to which it-would lead, would open hundreds of important 
consequences even in the application of science to the arts, (Cavsz; 
oe 18.] ae 
sefore coming to istinction between theory and practice, we 
must observe that theories may be divided into oe classes, the more 
perfect and the less perfect. We cannot say that any theory. is 
absolutely perfect; but there are some of which the defects are hardly 
perceptible, and others in which the contrary is the case, For example, 
the theory of the statics and dynamics of rigid bodies is tolerably 
; but that of bodies composed of particles acted on by molecular 
is in its infancy, We know a great deal more of the connection 
of the planetary worlds with each other than we do of the particles 
which, when connected together, form a bar of iron or of oak, We 
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1 
know that the bar is not perfectly rigid; that it bends and breaks; 
and the degree of bending which a given force will cause, and the 
amount of pressure necessary to produce fracture, must be sought for 
in experiments, from which, imperfect as they are, the laws which 
would follow from a good theory, if we had one, are to be deduced, 
In such a subject our theory, instead of being an all-sufficient guide, is 
only a help, the services of which are to be used to an extent which 
discrimination derived from practice and experience must point out. 
Many a person who thinks he is proceeding upon experience only is 
really making use of a mixture in which there is theory, though his 
own knowledge of the process he uses, and of its history, may not be 
sufficient to inform him of it. 

A person who uses an imperfect theory with the confidence due 
only to a perfect one will naturally fall into abundance of mistakes ; 
his predictions will be crossed by disturbing circumstances of which 
his theory is not able to take account, and his credit will be lowered by 
the failure. And inasmuch as more theories are imperfect than are 
perfect, and of those who attend to anything, those who acquire very 
sound habits of judging are few compared with those who do not get 
so far, it must have happened, as it has happened, that a great quantity 
of mistake has been made by those who do not understand the true use 
of an imperfect theory. Hence much discredit has been brought upon 
theory in general ; and the schism of theoretical and practical men has 
arisen, Fortunately there are many of the former who attend 
properly to the improvement of imperfect theory by practice; and 
many calling themselves practical-who seize with avidity all that 
theory can do for them, and who know that step by step theory has 
been making her way with giant strides into the territory of practice 
for the last century and a 

By practice, as distinguished from theory, is meant (not by us, but 
by those who contend for the distinction) the application of that 
knowledge which comes from experience only, and is not sufficiently 
connected with any general principles to be entitled to the name of a 
theory, The distinction of labourers in the field of science or art into 
theoretical. and practical is not strictly a just one, for there is no 
theorist whose knowledge is all theory, and there is no practical man 
whose skill is all derived from experience. But the terms will do well 
enough to distinguish two classes whose peculiarities it might be 
difficult to define exactly. 

The practical man, when he is really nothing. more, is one who can 
just do what he has been taught to do, and who has acquired skill and 
judgment in a small range of occupations. All who pride themselves 
upon the title would be displeased at this definition, and we readily 
admit that many of them are entitled to a higher character; but only 
because the title by which they delight to describe themselves is a 
wrong one. ‘They desire, under the name of a workman, to claim the 
qualities of a master. The term theoretical serves, as one of contempt, 
to designate any thing of which they disapprove ; and as there never is 
any fallacy which is not carried to a fool’s-cap extent by the lower 

of users, it would not be difficult to make a most amusing selec- 
tion of instances of the manner in which the distinction has been 
worked by the large number who are at the bottom of the class, and in 
whose heads it runs that their own ignorance is practical and others’ 
knowl retical. Our attention was called to this class in early 
youth by hearing an’ educated person state that he was a “ practical 
man,” by way of declining a question which involved knowledge of 
fractions ; it was then extracted from him, to the delight of bystanders, 
that all above integers is theory. And from that time whenever we 
wish, in a delicate way, to find out how much a person knows of his 
subject, we manage to ascertain to what extent he considers it practi- 
cally useful, And we have thus discovered that what happens to 
ourselves happens to others, namely, that all knowledge which is 
possessed is practically useful, and all which is not possessed is not. 
It is very often noticed that men are unduly given to puff and vaunt 
their own professions; whereby they provoke the retort of “ nothing 
like leather,” being the words the currier used when he was asked 
what the city walls should be made of. The sarcasm is often unjust. 
The exaggerator is frequently giving a true account of the effects of 
knowledge: his mistake lies only in restricting those effects to the 
knowledge of things in his own line, the only knowledge he has ever 
sufficiently cultivated. 

We say nothing about those to whom theory is but a name under 
which they may safely sneer at knowledge, except this: two small 
commercial companies sometimes prolong their existence by amalga- 
mating, as they call it ; would it not be desirable that they should join 
those who use the word infidelity instead of theory? We give a passing 
word tothe many who blind themselves to the difference between truth 
and falsehood by disguising the latter under the name of practice. It 
chanced to us long ago to advise a very worthy man of business, now dead, 
upon the terms of an advertisement. On one of our alterations he re- 
marked “Don't you think that, practically, it would read better my 
way !”—“ It would,” said we, “the objection is, that it would not be 
true.” Our friend stared as if a light had broken in upon him, and 
said, “ Well, Sir, there is something in that.” We remember seeing a 
theorist, as he was called, endeavour to make the managers of a certain 
undertaking comprehend that their profits could not exceed the excess 
of the gross returns over the outlay, after they had been trying to 
cheat the equation by inventing names for what they would have liked 
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toh have, but which the tlieorist assured them they would not get, for 
the preceding reason. The answer was, “ That is very true theoretically, 
but now let us look at it practically.” We shall say no more of the 


“gross abuse of the terms, except to remark that were it worth while 


really to make a contest between theory and practice, it would be 
difficult to say on which side the balance of absurdity would incline ; 
or whether the man who is too confident in his theory, or too confident 
in his experience, has done most mischief for the time being. 

Coming now to the higher class of practical men, and speaking as of 
the balance between two methods the value of both of which is 
admitted, we observe there are obvious faults to which both parties are 
subject, both in conduct, and in argument respecting their pursuits. 
Great care is n to secure the theorist from pushing an im- 
perfect theory too far, and neglecting causes of disturbance; but at 
least as much is necessary to prevent the practical man from general- 
ising into theory from imperfect experience, or from restraining e200! f 
by a notion formed from practice. This is his besetting sin, to su 
an extent that we should % sop be inclined to say that the fault of a 
practical man is a tendency to form false theory, as that of the theorist 
is to make false applications. We have often been surprised at the 
boldness with which the former assert generalities, upon evidence 
which would only make a pure theorist look for further information. 
Analogies are of all things the most deceptive. Much and frequent 
attention to men’s arguments has left us witha feeling which, whenever 
we hear a person begin with “I am a practical man,” makes us say to 
ourselves, “ Now for a smack of false theory.” 

In argument there is one mode which is common to both parties, 
and which is exceedingly detrimental. It is the selection of instances 
from the very highest minds of the two orders, to illustrate the effects 
of theory or practice upon the general mass of understandings : minds 
the superior calibre of which, and their power of adapting themselves 
to circumstances, and making the most of what they have, render them 
exceptions to all rules, and no proper examples of the most advantage- 
ous course of training, Every one likes, no doubt, to draw consequences 
about and concerning his own self from a contemplation of the minds 
and nfethods of the Newtons or the Galileos of a higher sphere of 
intellectual existence, or the Arkwrights or Telfords of a better state 
of power of adaptation. “ What is your theory good for?” says the 
tongue attached to some head which holds about the same weight of 
conceit that Telford’s.did of sagacity; “ Telford knew nothing of it, 
and I may do without it too.” The answer is—Telford. The opinion 
of Bacon was, that “the root of all the mischief in the sciences is, that, 
falsely magnifying and admiring the powers of the mind, we seek not 
its real helps,” a maxim full of meaning, and a lesson to him who rates 
theory too highly, and also to one who thinks that the only use of 
his mind is to arrange the results of experience, his own or others. 
What are the majority of men, that they should look down upon any 
course of training, theoretical or practical ? 

Another fault of argument, but almost peculiar to the practical 
world, who have the force of numbers on their own side, is the habit 
of claiming all who are successful in application as instances of their 
own method and knights of their own order. Suppose that one indivi- 
dual should discover a mine, work it with his own hand, purify the 
ore, and beat the metal into a horse-shoe; which is he, a geologist, 
miner, furnace-man, or blacksmith? He has done the work of all, but 
the community of blacksmiths would hardly be allowed to claim him as 
peculiarly belonging to themselves. When a person who has mastered 
the difficulties of theory has also successfully applied them, he is free 
of both corporations ; but those who attend only to application, never 
fail to appropriate his merits. Warr is a striking instance; he was a 
highly accomplished theorist on every point on which he worked; and 
yet his name he been frequently cited as a proof that theory could be 
dispensed with, And his career, when compared with that of Telford, 
will illustrate theory applied to practice, as distinguished from practice 
alone, however acute. It is impossible to contemplate the career of 
Telford without a feeling of high interest, created by the comparison 
of his apparently inadequate education with his startling successes. 
Looking at the individual himself, there is everything for his age to 
admire; and so long as his structures last, each of them is the monu- 
mentum, but notre perennius. The time will come when his name 
shall be like that of the builder of the old London bridge, who was no 
doubt the Telford of the day, a stimulus to his contemporaries, useful 
and honoured, but not the remembered of succeeding ages. On the 
other hand, the discoveries of Watt, though equally startling in what 
is called the practical point of view, have the mind of the discoverer 
impressed upon them, and have been, and must be, the guide of his 
successors, not merely to repetitions of what he did himself, but to 
en ment of ideas, and to the conversion of principles into forms 
useful in art, Take away the honourable qualities which enabled the 
two men to outstrip their contemporaries, each in his line, qualities 
which are the properties of the individual minds, and consider what is 
left, namely, their modes of proceeding: consider the effect of these 
two modes upon men in general, and there is nothing in that of Telford 
which would raise the workman above a workman, while in that of 
Watt there is the vital principle to which we owe all the mechanical 
triumphs of civilisation and all the theoretical successes of physical 


: philosophy. 


This country has been long and happily distinguished for the great 


attention which has been paid to application; but it is a mistake to 
suppose, as some do, that our supremacy in practical matters has 

co-ordinate with, still less owing to, neglect of theory. It would be 
easy to show that though the comparative neglect of theory alone, 
as @ pursuit, added to its diligent cultivation on the Continent, under 
the encouragement of government, had given to foreign countries a 


decided preponderance, now very much on the wane, of theoretical 
inquirers writers, yet that there has been no country in Europe in 
which a competent knowledge of the mathematics their applica-_ 


tions has been spread over Fog oie ae Se to 80 an 
average. At any time since the i 17th cen the 
total amount of theory in Britain has been than in poet Be 
Euro country, on account of the numbers who have > 
a useful amount of knowledge: the diffusion of education in 


may have altered our position, but of this we are not sure. For our- 


selves we are perfectly satisfied, however little those most concerned 
may know it, that this greater diffusion of theory has been the original 
moving cause of the practical excellence to which we have alluded. 
If those who have become known for splendid achievements in the 
former are few, the same may also be said of the latter; but a country 
owes its excellence in either department, not to one or two of the 
highest, but to the mass of those who have com it knowledge, 
apace (are habits of thought and action. It is a new thing to 
ear one branch set against the other, and would make our writers of 
a century back think that posterity had lost its senses. The only 
addition wanted has been some means of systematically mga 
growth of theory, so that, well as we have done with what we hays 
we may do better with more, The efforts which are making on 
side to extend education will, it ere hoped, do what is wanted 
this particular; they will at least 
that, whatever the force of genius may do for an isolated 


the mass of mankind must place their best hope of progress in the — 


union of theory and practice, 

There is also a mode of viewing what we may call the action of 
theory, which is absolutely necessary to a true conception of the value 
of their labours who employ their time in its advancement. Watch the 
arguments of a person who calls himself, perereres. a practical 
man, and it will be always found that a well-established theory, fifty 
years old, is practical knowledge, so called. To this there cannot be 
the slightest objection in the non-distinctive sense : a well-established 
theory, which has been shown to be sufficient, is highly practical, as 
opposed to one of which the investigation is more recent,and the complete- 


against practice, as practice, the advocates of the latter 

find it convenient to assume, for their own share of the he, 
contest, all the best theories plus the most recent practical kno } 
leaving to the other side the onus of supporting theory upon the most 
imperfect part of the mass of doctrines which it contains, being that 
ay which is not yet off the anvil. Suppose a merchant going into the 

il court to prove his being worth a certain sum : he is whether 
his business, all debts and risks allowed for, would produce that sum : 
he replies, that his ventures must be beyond record unsuccessful, if it 
would not be so, over and over again. “So then,” he is further 
questioned, “ you cannot positively swear that your business will make 
you worth the sum in question.” ‘I cannot,” he replies, “ positively 
swear any such thing; but I have enough not employed in business, 
in land and mortgages, and in the funds, to Re twenty shillings in the 
pound five times over upon every risk whi BS liable to.” What 
would be brent <a counsel whoshould retort, ‘ That is nothing to us; 
you are described as a merchant, and your solvency must be tried by 
the state of rat of your property which is now the 
fluctuations of trade?” Such is and always must be the state of theory; 
the amount which is actually realised is enormously ter than the 
floating balance which is being worked out. Those who are in 
producing fixed capital from the latter, have a right to the credit which 
arises from the interest of the former: their labours for the time 
being are not to produce their return at the instant. 

We have, in compliance with common notions, not adverted to the 
consequencés of theory upon the mind and thoughts of men, but have 
treated it as if its sole object were to advance the mechanical arts and 
better the physical condition of society. But this is under protest 
that even if it could not be proved that rational of 
nature had added one single atom to the physical comfort of life, there 
would remain such an enormous {mass of social ameliorations which 
can be traced to that source as would outweigh even the triumphs of 
steam. This is often forgotten by the highest men of the highest and 
most valuable practice, meaning the best application of the truest 
theory. They confound practice with application to matter as opposed 
to mind. On this point we quote something we have printed else- 
where. “There is a etrong impression in the world of physical inquiry 
that a mathematician is almost bound, whatever his pursuit may be, 
to make his science the means of investigating or registering some 
facts connected with the material world. A teacher of mathematics 
for example, whose business it is to study the mind and its discipline, 
that he may make his teaching orange useful to those who will 
not, in nineteen cases out of twenty, ever haye any need to apply it 
professionally, would be thought quite in the right way if he should 
take to investigating the force of steam, or the of beams, or 


ness not so well ascertained. But when the question is theory, as ae 
in 
wledge, 


ve the effect of making it clear 
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Phil. Trans.,’ vol. x. p. 1.) 
In conclusion, 


THEORY OF COUPLES. The two motions of which any rigid 
= is susceptible are those of TransLaTiON and of Rotation. 
of these has this i oy he gr htoreclgge aan ter Boag 

e other kind of motion. Every motion of a 

most, into a motion of 


simple translation, be We ah, ee eee eee cae Caen aes FE 
site forces, such as wi luce rotation, be applied about the same 
axis, the result is that the equilibrium, or previous motion, of the 


system remains 
But if the equal and opposite forces of translation be applied at 
different points, the result is rotation only, for the first instant ; and 
if the equal and ite forces of rotation be applied about axes not 
i t instant, is transla- 


cluded from statics, yet the p' theorems, 
mentioned in Rotation, should be well understood, and viewed in 
connection with the science of equilibrium, which is always illustrated, 
be demonstrated, by such considerations. 


arm 
manner whatsoever, either in its own plane, or in any plane parallel to 
only that the direction in which it tends 


ARTS AND SCI. DIV, VOL, VITI, 


of the planes into which it may be removed. 2. The moment of the 
couple ; specific forces or arms are unn for its description, so 


- | long as their product is given. 38. The direction in which it tends to 


turn the system. The easiest way of describing a couple is then as 
follows ; suppose, for example, a horizontal one :—Take any vertical 
line for the axis of the couple; on that axis lay down a line propor- 
tional to its moment, and agree that vertical lines drawn upwards shall 
represent moments tending to turn the system from west to east ; and 
downwards, those tending to turn the system from east to west. But 
asign must also be agreed upon; positive moment must consist in 
tendency to turn in one direction, and negative in the other. 

The composition and resolution of couples is easily shown to be 
done ina manner which perfectly resembles that of Rotations. When 
the couples can have a common axis (act in the same plane or parallel 
planes), the moment of the resultant is, in sign and magnitude, the 
sum of the moments of the components, with their proper signs. To 
find the resultant of two couples which cannot have a common axis, 
take axes to them which pass through the same point, and on these 
axes lay down lines representing the moments of the couples in their 
proper direction. On those lines complete a parallelogram; the 
direction of the diagonal is the axis of the resulting couple, and its 
length represents the moment of that couple. Care must be taken to 
lay down the directions of the moments properly on the axes ; the best 
isolated rule (when reference is not made to distinct co-ordinate planes) 
is as follows: Let the parts of the plane of the axes which lie in the 
angle made by the lines oe moments be turned by the two 
couples in opposite directions. To the student to whom such a 
direction would be useful, we should say, appeal in all cases to the 
perceptions derived from Roration. 

To apply the Piet ci theorems to the statics of a rigid body, we 
first take the following conventions :—Assume an origin and three 
rectangular axes of co-ordinates, as usual. Let the forces which act at 
each point of the system be decomposed into three, parallel to the 
axes of x, y, and z. Let each force be called positive, when it acts 
towards the positive part of the axis to -which it is parallel; if, for 
instance, the axis of z be vertical, and if its positive part tend upwards, 
all forces in the direction of z, wherever they act, are called positive 
while they act upwards, and negative when downwards. <As to couples, 
let their moments be called positive when, acting in the planes of « 
and y, y and z, z and «, they tend to turn the positive part of the first- 
named towards the positive part of the second (xy, yz, 2x). Let Pp, be 
the first point of the system ; let its co-ordinates be ,, y,, z,; let the 
forces in the three directions acting at that point be x,, ¥,,z,. Let P, 
be the second point; ,, ¥,, 2, its co-ordinates ; X,, Y,, Z,, the forces 
there applied; and so on. All co-ordinates and forces have their 
proper signs. At the ones apply the following pairs of equilibrating - 
forces : X, and —x,, y, and —y,, Z, and —z, ; x, and —x,, y, and —Y,, 
%, and —Z,, and so on; which of course do not affect the equilibrium, 
and are over and above those already applied. Again, at the extremity 
of z,, in the axis of x, apply the equilibrating forces y,,—y, ; at the 
extremity of y,, in the axis of y, apply Z,,—%, ; at the pre ge pO 
in the axis of z, apply x,, —x, ; and so on for the other points, tly, 
let the points of application of the original forces x,, ¥,, Z,, be changed 
so that each shall act at the projection of the point of application made 
by its co-ordinate; and the same for the other points. Nothing is 
done but the application of mutually destroying forces, or the change 
of the point of application of a force to another point in its direction, 
and the following figure will show the present arrangement for one 
point. The original forces, transferred, are marked x, y, z; the original 
= of application, r ; and the other forces, equilibrating two and two, 

ve great and small letters at their extremities, 


We now see that the forces x, y, z, are equivalent to— | 

1. The forces x, y, z (marked a, B, ©) applied at the origin. i) 

2. A pair of couples to the axis of z (L, }) (x, 2), the first positive 
with the moment yz, the second negative with the moment xy. These 


two are equivalent to one couple with the moment yr—xy. 
P 
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3. A pair of couples to the axis of # (a, c) (¥, 2), the total moment 
of which is zy—r:. : 

4. 249 of couples to the axis of y (x,a) (z, m), the total moment 
of which is x2— zx. 


Apply this to every point in the system, and let 4x stand for | And 


X, +X, +, &., and so on: hence it that the whole of the forces 
equivalent to forces Ix, Zr, a; applied at the origin in the 
Grections of 2, y, dnd 4, Sigeelal HL coer ten in the planes of zy, yz, 
sx, of which the moments are— 


= (y2—xy), = (zy—yz), = (xe—z2). 


Let a=3x,L=2 2 
B=3Y, M= 2 (xz—27 
O=2z, N= ee | 

va (024 B+), WH (02 + + 8) 


Then it that all the forces can be reduced to one force, v, 
acting at the origin, making gy with the axes whose cosines are 
A:¥,B:V,0©:¥V; and one couple having a moment w, and whose axis 
makes with the axes of co-ordinates angles whose cosines are L:W, 
M:W,N:w. But when there is equilibrium, both the force and the 
moment of the couple must vanish, for the single force cannot equili- 
brate a couple. Consequently the conditions of equilibrium are v=0, 
w=0, which give a=0,8=0,0=0,L=0, m=0,N=0, the six well-known 
conditions of equilibrium. 

The forces will have a sing 
the couple whose moment is w; that is, when the direction of v is at 
right angles to the axis of the couple. This takes place when 
AL +BM + CN=0, a well-known condition. 

(For further information, we may refer to Poinsot’s Elémens de 
Statique ; or, in English, to Pratt’s Mathematical Principles of Natural 
sigs & or Pritchard's Theory of Couples.) 

THEORY OF EQUATIONS. Under this term is os pry all 
that part of algebra which treats of the properties of rati and inte- 
gral functions of a single variable, such as ax+b, aa*+be+e, 
ax +ba*+cx+e,and so on; a,b, ¢, &c., being gan page: quanti- 
ties, positive or negative, whole or fractional, or imaginary. 
Unless however the contrary be specified, it is usual to suppose these 
co-efficients real, not imaginary. 

The great question of the earlier algebraists was the finding of a 
value for the variable which should make the ¢ jon equal to a 
given number or fraction: as what must <c be so that 327+ 22 may be 
11, or z*—2? + 6x may be 40, and so on. In modern form it would be 
asked what value of «x will make 32°+22—11=0, or #—2?+ 6x—40 
=0,and soon. To find values of a variable which should make an 
expression vanish, or become equal to nothing, was then the first desi- 
deratum ; and these values are now called roots of the expressions. 
Later algebraists made the finding of these roots subservient to the 
discovery of other properties of the ons. 

The Hindu algebraists communicated to the Arabs, and through 
them to the Italians, the complete solution of equations of the first 
and second d The Italians added the solution of equations of 
the third degree, and of the fourth imperfectly. These last two 
degrees have been completed in more recent times, 80 that it may be 
now said that the equations of the first four degrees have been com- 
agg pgs uered: that is to say, having given the equation 
ax! + bo + ex* +ex+f=0, an algebraical expression can be fo’ hay- 
ing four values, and four values only, and being a function of a, 6, c, 
e, f, which being substituted for x on the first side of the equation, 
shall make that first side vanish. But the student would look in vain 
through the books of algebra to see this ion: it is both com- 
pa and useless, and it is more desirable to indicate how it is to 

found, than to find it. 

The equation of the fifth degree was attempted in all quarters, with- 
out success : means were found of approximating to the arithmetical 
value of one or another root in any one given equation; but never a 
definite function of the co-efficients which would apply in all cases, 
A proof was given by Abel, in Crelle’s Journal (reprinted in his works), 
that such an expression was impossible, but this f was not gene- 
rally received ; it was admi by Sir W. Hamilton, who illustrated 
the argument at great length in the ‘Transactions’ of the Royal 
Irish Academy, vol. xviii., part ii. ; but the singular complexity of the 
reasoning will probably prevent most persons from regs og Fos age 
subject. We do not mean in this artiele to enter into the of 
the theory of equations, but only to place its general state before 
the reader by an exhibition of the principal theorems, without 
proof. For works on the subject we may refer as follows :—Hutton, 
* Tracts,’ vol. ii., tract 33, which contains a full aécount of the earlier 
algebraists ; Peacock, “Report on certain Parts of Analysis,” in the 
‘Report of the Third Meeting of the British j or the 
recent works of Murphy, Young, or Hymers; all of which are good, 
and written on euch different plans that any one who a 
particular study of the subject will find it ia ome to consult 
them all. In French the standard works are those of Budan, 
Lagrange, and Fourier, which however all treat of particular topics : 
the algebraical treatises of Bourdon and Lefebvre de Fourcy treat it 
more generally, 


le resultant when v falls in the plane of | ; 


(2aa + bY + dac —P 
4a 


There are three distinct cases, according as b? is greater than, equal 
to, or less than, 4ace. 
area hohe +e ie Se ee 


When 0?>4ac, the 
contained in the 
~ b+ VP —4av) 
2a 


Li: Bod sper pp eestor : 
t at + ac?+b+¢=0. This can be transformed into 


(2° + v)?=(2v—a) 2 — ba + Fc: 
make the second side a perfect square; that is, find the value of 
v from #=4 (v*—¢) (2v —@), or 
835 — dav® — Sev + dac—b2® = 0; 
the extraction of the square, root then reduces the biquadratie to a ° 
couple of quadratics. _ mn 
Cartes, Let t+ aa*+be+e=(a*+ «/p.2+f) (e-V/p.x+g), 


g9+f—p=4,9—f)Vp=,fy =¢, or 
p+ 2ap! + (at — 40) p- B= 0: 


find a positive root of this equation (it certainly has one), and from it 
find g and f ; then the roots of 2? + /p. e+ f=0, and a?— «/p.2+g=0, 
are of the given equation. 

Thomas Sim ve a modification of Ferrari’s method, and 
Euler one of of Des Cartes, 


errant. 


1. If be a root of gz, or if ¢r=0, then gar is divisible by 2—r, and 
expression of the (n—1)th Be, every 
number which is not a 


by (7—1)*, it is said to have 
is the substitu- 


power of y, 
8. Every expression has as many roots as it has dimensions. This 


* This formula should be committed to memory, and quadratic equations 
always solved by it. Nothing is more amusing than the vitality of the old 
method of the square and extracting the root in every 
should have some training in this 
process; but his ultimate method should be that of remembering, once for 
the formula in the text, : 


z 


ra es 
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proposition is of complex proof, but it begins to occupy its proper 
works, ially on the continent. 


place in elementary especially 

4. We may now refer to Sturm’s THxorem, to Fourier’s theorem 
(given in the article just cited), to Des ’ theorem, a very limited 
particular case of Fourier’s, to Horner’s adaptation of, addition 
to, the old method of numerical solution by Vieta (an account of the 

of this last problem is given in the ‘Companion to the Almanac’ 

for 1839). [LIyvoLuTIon anp peewee | e have then, since 
the beginning of this century, a comp! of 
ie ica sas aon & een 
limits; both difficult in ication opera- 
tions which they Also, i 


8 


places that question u the same footing as the common 
tion of square, cube, &c., roots; making those extractions ° 
selves, except only in the case of the square root, much easier than 
before, In Cauchy’s theorem, now beginning to be generally known, 
aan ee ee ia, we have a 

core ragr | imaginary roots. And Horner's method has 
been extended to their computation. But it seldom happens that 
the actual determination of imaginary roots is required. 
5. The Newtonian method of approximation is in the f i 
eggs Tf @ be nearly a root of gx=0, and if ga: ¢’a be 


oa 
-O— Gq 


is more nearly a root. See Approxmatron for the use 
Taytor’s THEOREM, for a more extensive 
Horner’s method is very much more easy than that 
former, in fact, includes and systematises the latter. 

imi 


6. We refer to the article Roor for the solution of x 
uation, 2 + 2 cos 0.a"+1= 0, 
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on. of all the roots is + @,:4,, according 

even or odd. SUSY, fcc bo eo ee ee te the 
(x—r,) (w7—1,)....(t@—rp). 
preceding be 


10. called px, and na,x*—! + (n—1 
a0 + ,.., its derived Se onl pe, re ane ae 
ee ee 
ge bad, Poor, tere + Goa 
Be care ceeeel ce integral slgsbaal.nl tenction of », the ou 
tease ‘n 1B coefficient highest 
e remainder division of ¢/x x yx by abate ips 


pr. 
“11. If 8, im all cases stand for the sum of the nth roots 
of the equation, we have mp ree ob he 


Bo=M, 8, +0, =0, 4,8, 44,8, +2a,=0, a8, + 4,8, + 0,5, + 3a,=0, 
and so on up to 

GSp + OSnmi Gino +006 +Ndn =0, 

after which, in all cases, 

GSnzk +O,Sn+h-1 t+ -+ee +On8, = 0, 


functions of the roots be easil, 
expromed ip terme B, By &a., and thance in terme of the eleiidants 


so that in all cases y=Fx, proceed 


as the common divisor of and rz—y, and take 
for yy the final remainder, But if this final semainder shagla be of « 
a F a ramet the known number of its roots, it ought 


removed. The treatment of this case belongs to the general question 
of elimination, but the following particular cases are almost all that 


are necessary. 
14. To decrease all the roots of oz by a given quantity, or to make 
y=a—a, or x=y +a, observe that the resulting equation must be 


Gy (n) 


¢ gia 
G4 + P'A.Y+ FTP toe + TZ =95 


the coefficients pa, ¢’a, } $"a, &c., may be the most readily ° 
by oP gee described in Invoturion, The same process 
may be applied, by using — a instead of a, to increase all the roots 
of gx by a given quantity. It is by this process that the second 
term of an equation is taken away; thus, the equation being 
gu" + a0" +... 0, assume 


E 


the sum of the roots of the equation in x being —a, : a, that of the 
equation in y will be 0. 

15. To multiply all the roots of an equation by m, multiply its suc- 
cessive terms, beginning from the highest, by 1, m, m?, m’, &, And 
to divide all vod capes vey Searle fog “coun pp Sendo eer 
the same, beginning from the lowest. N.B. Terms apparently missing 
in an equation must never be neglected, Thus 2’—2a++3c—1=0 
ought to be written 

a + 0x8 + 02> — Qo! + O25 + 02? + 8z—1=0, 


This caution is of the utmost importance : in fact no process ought 
to be ied to any equation without a moment’s thought as to 
whether all the terms be formally written down, and if not, whether 
the about bad be yar perk not marine it. nf 

16. To change signs e roots of an equation, change the 
signs of the coefficients of all the odd powers, or of all the even powers, 
as most convenient. . 

17. To change an equation into another whose roots shall be reci- 
procals of the former roots, for every power of x writé its complement 
to the hi i ion. Thus in an equation of the seventh degree, 
for 2 write z’, for x write z*, for 2* write z°, and so on: lastly, for «* 
write =°, N.B. Consider the independent term of the equation as 
affected by 2°. From the reci geaiseen en. Senne: Sie: avs 
of the negative powers of the roots of igi 

18. The old methods of finding limits to ti itude of the posi- 
tive and negative roots of an equation are so rapid that they can hardly 
be said to be superseded by those of Sturm or Fourier, In enunciating 
them we speak of coefficients absolutely, without their signs, when 
mentioning any increase or decrease they are to receive, 

If a be the greatest of all the quotients made by dividing the co- 
efficients by the first co-efficient, no root, positive or negative, is nume- 
rically so great as a+1, And if B be the greatest of all the quotients 
made by dividing the co-efficients by the last co-efficient, no root, 
positive or tive, is numerically so small as 1:(B+1). Better 
thus: if i be the first co-efficient, m the greatest, and n the last, signs 
not considered, then all the roots, numerically speaking, lie between 

M+L N 
L. and 5 +N 


19, If x be the first co-efficient, and m the greatest co-efficient which 
has a different sign from that of 1, no positive root is so great as 
(m+L):1t. And if 1 be the last co-efficient and m the greatest which 
has a different sign, no positive root is so small asi; (m+1). And to 
apply this to the negative roots, change the signs of all the roots of 
the caged (§ 16), and find limits to the positive roots of the new one. 

20 t be the first co-efficient, m the greatest which has a different 
sign, and if the first which has_a different sign be in the mth place 
from the first term exclusive, or belong to the (m+1)th term; then 
no positive root is so great as 


sy) > 


lf & be the number of terms which ¢ at the beginning before a 
change of sign, 1 the least of their cients, and Mm the greatest 
co-efficient of different sign, any value of « which, being > 1, makes 


ak*) (Lat —L —M) +M 
positive, is greater than the greatest root ; for instance, 


a] 
c= iil 


—B 
the same with /a? + c —D, , Which, for « = (perhaps no greater 
than A) becomes m. Repeat the process with mat + Ey — Fy, and so 
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1 
on to the end. The last value of x used is greater than any root of 
the equation : and the first value of x, A, is very often the last also. 

21. If each co-efficient which differs in sign from the first term, be 
divided by the sum of all which precede with the first term 
(the first term itself included), the greatest ting fraction, increased 
by unity, is greater than any positive root of the equation. 

22. Newton’s method of finding a limit greater than the greatest 
positive root of any equation now merges in Fourier’s theorem. It 
consists in finding @ by inspection and trial, so that ga, ¢’a, 9’a, &., 
shall all be positive. 

23. Any mode of ascertaining a limit greater than the greatest posi- 
tive root of an equation may be thus treated. Apply it to the reci- 
procal equation (§ 17), and the reciprocal of the result attained is less 
than the least heh root of the original. Apply both to the equa- 
tion of roots with signs changed, and the results give limits for the 
negative roots of the original. 

24. A celebrated mode of examining the roots of equations, but too 
complicated for pe use, consists in forming the equation whose 
roots are the squares of the differences of the roots of the original. 
Any quantity being found less than the least positive root of this new 
equation, its square root is less than the difference of any two roots of 
the original. If such a quantity could be readily found, the theoretical 
imperfection of Fourier’s theorem would be greatly diminished, and, 
practically Speaking, much advantage would be gained in numerical 
solution. What is wanted to add to both Fourier’s and Horner's 
method, is a ready mode of finding out when two roots are nearly 
equal, 

25. Lagrange’s mode of approximation is as follows :—Having found 
that a root of an equation lies between the integers a and a+ 1, 
diminish all the roots of that equation by a, and take the reciprocal 
equation to the result. Find a root of the last lying between the 
integers b and } +1, diminish all the roots by 5, and take the reciprocal 
equation of the result. Find a root of this last between ¢ and c+1, 
and proceed in the same way. Then the continued fraction 


ars Ge | 
a+ b+ c+’ 
is a root of the original. The details of the work are much abridged 
by use of Horner's process. 

26. When an equation has equal roots, those roots can be found by 
an equation depending entirely on the different sets of equal roots, 
If gx have m roots equal to a, gx has m—1 of them, $x has m—2 of 
them, and so on; finally, ¢@~"z has one of them. If then gw and 
¢’x be found to have a common measure, every root of that common 
measure enters in gz one time more than in the common measure 
i 

27. When an equation has an integer root, which must be one of 
the divisors of the last co-efficient, it may be discovered by successive 
trial, as follows ee a, + a, x + G2 +a,2+a,=0, ay, &e., 
being in Let k be a divisor of a,, and let a, : k=/, an integer. 
Then if & be a root, we have a, +a,k*°+a,k+a,+l=0, and a,+/ is 
divisible by &, giving m, an integer. Hence af?+a,k+a +m=0, and 
a,+m divided by & = an integer, say nm. Hence a,k+a,+n=0, 
and a, +n divided by k gives —a,, If all these conditions be fulfilled, 
k is a root. All the divisors of a, being tried in this manner, settle 
the question of the integer roots entirely. 

28, If the co-efficients of an equation read backwards and forwards 
be the same, both in sign and magnitude, every root has its reciprocal 
also among the roots. By reducing it to the form 


1 1 
p+q(2+2)+r(e+ 5) +.0=0 


which can always be done by division, when the dimension is even, 
and assuming y=2+a~', an equation of the 2nth degree can be re- 
duced to one of the nth and 4 ego But when the dimension 
is odd, either —1 or +1 must be a root, and the equation can be 
a gr to an even degree by division by «+1 or x—1. 

student who is acquainted with the preceding results, namely, 


such as are either stated or referred to in this article, will find no 


difficulty either in reading on the history of this subject, or in its 
application. It is peculiarly a subject on which on should be 
made for the beginner. 


THERIACA (@npiaxd) was the name given orginally by the ancients 
to all those medicines which were intended as antidotes to the bite of 
venomous animals (@/p:a), as those which counteracted poisonous drugs 
were called éActupdpyaxa (Galen, ‘ Comment. in Hippoer.’ ‘ De Alim.,’ 
lib. iii., cap. 7, tom. xv., p. 279, ed. Kiihn ; id., ‘ Comment. in Hippoer.’ 
‘De Morb. Vulgar. VL., lib. vi, cap. 5, tom. xvii., pt. ii, p. 337); 
afterwards, however, the Jags seems to a been somewhut restricted 
in ite signification, or at Onpicch(in singular number) is applied 
to one ee ae tite oh Ghia aenne thins thin cake Weg tae 
considered to be a 


safeguard not only against the bites of venomous 
animals, but also and unwholesome food. 


(Galen, ‘ De Antid.,’ lib. i, c. 1, tom. xiv., p.1.) Many of these old 


eens oe in the writings of the ancient physicians, 
ut of these it will be enough to mention here the two most famous, | 


— = peti: (Mi@oiSdreiov, or Avridoros Mipiddreos) and 
The Mithridatium received its name from the Mi 


constant use of this antidote, that he afterwards tried in 
ut an end to his life; but this, if true, “ 
says (‘ Antither., 10), “ 
antidote than to ess of his 
was 


ter) made considerable alterations in the Mithridatium 
“ ; : " bs fps 
vipers), and by increasing the proportion of opium. 


; his works} (‘ De Antid., lib. i, cap. vi., et ‘ 
ad Pison.,’ c. ey and has been frequently published in a 
Andromachus likewise ¢! the name of the 


* 
Itis much to be tted that the word ‘'Theriaca’ is applied to the 


unerystallisable juice which flows from in the of 
termed ” Paex Saochart 


for distinction’s sake this should always . 


or “ Syrupus Empyreumaticus,” anglicé, “ Molasses,” as in the Dublin 
§ es * The uses of molasses (or melasses) are well known, 
THS. 
THERMOCHROSIS. [Rapration or Heat.] 


THERMO-ELECTRICITY, It has been shown, under Gatvanism, 
that any obstruction to the of an electric current produces heat 
in the conduetor ; so conversely it has been found that any obstruction 
to the equal propagation of heat in a conducting circuit produces a 
currrent of electricity. The discovery of this principle was made in 
1822, by Dr. Seebeck of Berlin, while in researches 
electro-magnetism, which but two years before had been discovered by 
Professor Oersted of Copenhagen; and the name therm: 
ed qian Se Seid Dy ae nee Fan y 
e usi 


é 


semi 
was attached (in close contact), at its extremities, to the ends of a 
of antimony about 15 inches long; and the bar being laid in 
direction of the magnetic meridian with the wire above it, a 
compass needle was suspended, or supported on a pivot between 
On heating the northern extremity of the bar by the flame of a 
the north end of the needle was o ed to deviate towards the 


Fe 


iL 


eis 


(the se. 
and heating the northern point of junction, the needle deviated towards 
the west: the apparatus being inverted so that the zinc slip was u 
most, on heating the northern junction as before, the needle deviated 
towards the east. It follows from these experiments that the fluid 


the east ; if above the wire, towards the west. 

Effects similar to those which result from the application of heat 
take place when one of the bar of antimony, or one of the 
junctions of the zinc and copper, is made coldef than the other by 
means of ice, 

When both ends of the bar were heated, no deviation was produced 
in the needle ; and after deviation had taken place by heating one end 
only of the-bar, in proportion as the heat tended to a uniform diffusion, 
ee needle gradually returned to the direction of the magnetic 
meridian, 


= 


— 
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shows the arrangement of these experi- 


"The following general 
=e is composed of antimony (shaded) and bismuth. 


ments. A 


Thermo-electric circuits may be formed in a ring consisting of two 
curved bars of different metals, as bismuth and copper, each being in 
the form of a semicircle, and the two being attached together in the 
direction of a diameter; or they may be produced in a rectangle made 
by placing in close contact four bars of metal, of two different kinds, 

one another alternately. M. Oersted formed a hexagonal 
circuit with Ss cee eat ens of antimony, which 


luced when the alternate joints were artificially cooled; but the 
was the when the alternate joints were heated and 
the others were 


doubling the lengths of the bars in a rectangle composed of four, 
ee iadionens less than that which was produced by the smaller 
rectangle ; but when the larger rectangle was composed of eight pieces, 
the deviation was greater. 

In this country the subject of bay tpt esaaeinee, Beka meat by 
Professor Cumming of Cambridge, who appears to have entered upon 
without any other knowledge of the discovery of Seebeck than the 

that i 


i 
e 


i 
: 


the ‘ Cambridge Transactions, for 1823. From these it 
appears that all cap gence pla ore Labaneahacaiy od 
cooled in any oe en ee ; but the 
intensity of action, which is indicated by the amount of the 
deviations produced in a magnetised needle, is not the same in all 
substances, and with some the direction of the current is 

that which is produced in others. When a single bar, of symmetrical 
form, is heated in the middle, it produces no effect on the needle, 


contact with each other (each pair 


several curious anomalies which were observed in the 


magnetic action: one of these is, that when iron wire is used to touch 
the metals examined, of which one is iron, the needle deviates a certain 
number of degrees in the positive direction; then, as the heat of the 
wire is increased, the deviation in that direction gradually diminishes 
till it becomes zero ; after which the deviation takes place in a negative 
direction, and it becomes a maximum in this direction when the wire 
acquires a red heat. 

Metals with a marked crystalline structure, and an inferior power for 
conducting electricity, display thermo-electric effects most perfectly. 
Thus bismuth .and antimony are favourable metals, and even the 
warmth of the hand applied to one of the junctions of a pair will 
deflect the galvanometer needle. Indeed for small differences in 
temperature, no instrument is so sensitive as a thermo-electric pile or 
thermo-multiplier. An iustrument of this kind was invented by 
Cumming, and improved by Nobili, who introduced the astatic needle 
into it. 

If a thermo-electric pair have one of its junctions kept at 32°, whilst 
the other junction is gradually raised in temperature, the current will 
gradually increase in intensity up to a certain point, then decline, and 
become reversed. If, for example, the metals be zinc and silver, the 
current will decline at 248°, then cease, and set in, in the opposite 
direction as the temperature contiriues to rise. This probably arises 
from the effect of heat on the crystalline structure of zinc. Iron and 
antimony produce the same effect to a less extent. The thermo-electric 
order of the metals is quite different from their voltaic order. It is 
for a few of the principal metals as follows :— 


Bismuth. Copper and Silver. 
Platinum. Zine, 

Lead. Tron. 

Tin. Antimony, 


but for further details, see Matthiessen, ‘ Phil. Trans,’, 1858. 
Thermo-electric circuits have been formed between non-metallic 
bodies. Thus the point of a heated cone of porcelain clay, brought 
into contact with a cold cylinder of the same material, and connected 
with the galvanometer by means of moistened cotton, caused a 
deflection of the needle. is effect has been ascribed to the mutual 
re-action of two ons of water of different temperatures. 
Thermo-multiplier.—Bars of antimony and bismuth a and B may be 
arranged into a thermo-multiplier or thermo-electric pile, so that a 
high temperature may be applied to one series of junctions and a low 


fast | one to the other. The current is then measured by its effect on the 


galvanometer needle, as shown in the figure. By means of 
a thermo-electric pile chemical effects may be produced, such as 
decomposing a solution of iodide of potassium, and with one hundred 
pairs of platinum and iron wire, each 1 inch long and ,j;th of 
an inch in diameter, water acidulated with sulphuric acid has been 
decomposed. Wires of iron and German silver make a very good 


to | thermo-electric pile, but in all cases the current is feeble, and the size 


of the elements do not add to the effect, except by increasing the 
conducting power, The thermo-electric pile used by Nobili and 


Melloni formed a very delicate measure of temperature. It consisted 


also | of thirty-six pairs of bars of bismuth and antimony packed into a 
the two extremities of the whole -_ bar, connected | small 


space, connected with a delicate astatic galvanometer. When 
the alternate junctions of the bars at each end of the pile were covered 
with lamp-black the pile was so sensitive to radiant heat as to be 
affected by the warmth of the hand at a distance of 30 feet. Even 
the amount of heat radiated by insects could be estimated by means of 
this apparatus. Mr. Joule p the instrument in vacuum, with a 
steel magnet near it to diminish the action of the earth’s magnetism, 
and so far increased its sensibility, as to indicate by means of a single 
pair of bismuth and antimony, a change of temperature amounting to 
only the ;4,th part of a centigrade degree. By means of this instru- 
ment Melloni was able to prove the instantaneous transmission of heat 
through glass and other bodies, and the. thermo-transparency of rock- 
salt. By its means Forbes was able to show the polarisation of heat. 
The fineness of the wires used for the junction, together with its great 
sensibility, allow the use of this instrument, where a common thermo- 
meter could not be applied, as in measuring the temperature of the 
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muscles of the human body, It has also been employed by Mr, Joule 
in confirming the deductions of Professor Thomson's theory of the 
thermal effects of stretching solid bodies alluded to. Mr, 
Joule has found that if a strip of vulcanised india-rubber is stretched 
by a weight which doubles its 1 , an elevation of its temperature 
by 50° C, shortens it by as much as ith of its whole length; and 
Peltier has discovered that a cooling effect is produced by an electric 
current in flowing from bismuth to antimony across a surface of 
contact. This result has been a by Professor Thomson to the 
establishment of a “ Mechanical Theory of Thermo-electric Currents” 
(‘ Transactions of Royal Society of Edinburgh,’ 1851). 

The term pare nene ey is sometimes applied to the phenomena 


mesotype, tourmaline, prehnite, calamine, and sphene, 

by (Epinus, so far back as 1757, that the two electricities are to be 
found on opposite sides, or ends, of the same piece of tourmaline when 
heated, and it was proved by Haiiy that electric stals exhibit 
different sets of crystalline faces on the two sides on which the contrary 
electric effects are observed. It is remarkable, also, as lately pointed 
out by Svanberg, that in bismuth and antimony, where there is one 
particular plane of cleavage more brilliant than the rest, when bars of 
the metals are placed with this plane of cleavage perpendicular to the 
direction of the current, such bars are more highly negative than in 
any other position, whilst if a less brilliant plane of cleavage be placed 
across the line of current, the bar is more highly positive than in any 
other position. 

THERMOMETER (from the Greek words Oepuds, hot, and pérpoy, a 
measure) is an instrument by which the temperatures of bodies are 
ascertained. It consists of a tube with a capillary bore containing, 
in general, alcohol or mereury, which expanding or contracting by 
variations in the temperature of the atmosphere, or on the instrument 
being immersed in the saat or gas which is to be examined, the state 
of the atmosphere, liquid, or gas, with respect to heat, is indicated by 
a scale which is either applied to the tube or engraven on its exterior 


surface. 

The end proposed by a thermometer is the measurement of the 
temperature of any body with relation to the temperature of some 
other substance, as of water at the point of freezing; but the measure 
so obtained must not be understood to express the absolute quantity 
or density of heat in any body, it being well known that different sub- 
stances, though exhibiting the same apparent temperature, contain 
very different quantities of heat according to their capacities for that 
element. (Srzcreic Heat; Latent Heat.] 

The thermometer must have been in use in the beginning of the 
17th century, but it is not known, precisely, to whom the honour of 
the invention is due. A physician of Padua, named Santorio, and 
Cornelius Drebbel, of Alkmaar in Holland, are the to one of 
whom that honour is, with most probability, ascribed ; and the former, 
in his ‘ Commentaries on Avicenna’ (1626), actually claims it for him- 
self. It may, however, have happened with this, as with other scien- 
tific discoveries, that the idea of the instrument occurred to two 

or more at or about the same time. 

The first thermometers were intended to indicate variations in the 
temperature of the atmosphere merely ; and the most simple of them 

consisted of a hollow glass-ball at one extremity of a long 
tube which was open at the opposite extremity. The air 
within the ball tube being rarefied by the heat of a lamp, 
and the tube being in a vertical position, the open end was 
plunged into a vessel containing a coloured spirit; as the 
enclosed air cooled, the pressure of the atmosphere on the 
liquid caused it to ascend in the tube till the expansive force 
of the air in the ball and the upper part of the tube became 
equal to the In this state, an increase of the 
temperature of the atmosphere caused the air in the ball to 
expand and press down the spirit in the tube; on the other 
hand, a diminution of temperature, by causing that air to 
contract, allowed the external pressure to raise the spirit. 
A scale was adapted to the tube in order to express the 
degree of temperature by the number of the graduation at 
the upper extremity of the spirit. 

An effort was made to render the instrument portable by 
bending the lower part of the tube upwards, and 
, this branch also with a ball; and a small aperture was made 
in the latter in order that the external air might have access 

eee} to the lower surface of the spirit. Mr. Boyle subsequently 
Original modified the airthermometer by making the tube quite 
Ther. *taight and open at both ends : lower end was imm: 
mometer, i a small glass vessel containing both air and coloured spirit, 
and the vessel being formed with a neck which closely 
encircled the tube, it was hermetically sealed to the latter. The 
variations in the temperature of the atmosphere caused the air in the 
vessel to or contract, and thus to press with more or less force 
of the spirit; the latter was consequently made to 
ascend or descend in the tube. 

The air-thermometer invented by Amontons (1702) consisted of a 
tube nearly four feet long, open at both ends, and curved upwards at 
Sali, where it terminated ina ball. This tube carried a column of 
mercury about 294 English inches high, so that the air in the ball was 


erged | employing this fluid for the purpose of mi 


c by the weight of two atmospheres, A light body, in which 
py eral iy ts op ed mg ner ppc ot ity of 
the column of mercury in the tube; and near the upper end of the 
wire was an index by which the number of the graduation on a seale 
was shown. The variations of the tem re of the air in the ball 
caused the mercurial column to or descend in the tube; and 
thus were produced ding movements in the index. By this 
instrument it was pro to measure high temperatures on a scale 
whose length was only of that which was required with the simple 
air-thermometer, 
The defects inse’ 
the dilatations of 
heat ; 


and thus the indications afforded by 
erroneous, or require corrections which it is difficult to apply. 
air-thermometer proposed by Dubuat, and of which the following is 
® brief description, some adyan' above 

have been mentioned; but not being it has never 
employed, 

It consists of a column of mercury in a tube, like that of a 
meter, hermetically sealed at the upper end, and bent below so as to 
form a short branch inclined at about 40° to the straight part of the 
tube; this branch terminating with a hollow ball. The 
occupies the straight part ‘of the tubs to the height of sbout 20k 
inches above the bend ; and at this bend it terminates without 
into the ball, which, by the construction, is a little above the 
The part of the tube which is above the column of mercury is 
from air, and when the bend is plunged in boiling water the tube is 
to be in aslightly inclined position, so that a vertical line may pass 
through the two extremities of the mercurial column ; then, u the 
praghersmegs jrenpbucasteut- peri daer tatu ble i 
the weight of the mercury will cause it to descend in the long branch 
and rise in the other. The me is to be prevented from entering 
the ball by making the tube decline farther from the vertical position, 
so that the lower extremity of the mercury may remain in the vertical 
line before mentioned ; and the tem) of the air is to be deter- 
mined by the height of the top of the column of mercury above a 
horizontal line passing through the lower extremity, that is, by the 
cosine of the declination of the tube from the vertical. Since the air 
in the ball preserves penery & the same volume, the elasticity com- 
municated to it by the heat of the atmosphere, or by the fluid in which 
the instrument is plunged, is always in equilibrio with the pressure of 
the column of mercury, which is the force acting against it, and is 
proportional to the vertical height of that column, 

About the middle of the 17th century the members of the Accademia 
del Cimento caused thermometers to be constructed in which, instead 
of air, alcohol or spirit of wine was employed. The fluid was intro- 
duced, as at present, into a glass tube terminating at bottom in a 
hollow ball, from which the air had been expelled by heat. The oppo- 
site extremity of the tube was then hermetically sealed, and a scale of 
equal parts was applied to the stem, by means of small beads of coloured 
enamel, for the purpose of expressing the temperature of the atmo- 
sphere, or of the liquid which was to be examined. Aloohol dilates 
and contracts considerably with the variations of temperature to which 
it may be subject, though not in so great a degree as air. It is also 
capable of measuring very low temperatures; but as it is brought to a 
boiling state much sooner than water, it cannot be /employed to 


ascertain a high d of heat. Spirit-thermometers were introduced 
into this country by Mr. Boyle, and they are still used for low tem- 
peratures. 


Sir Isaac Newton, being dissatisfied with the smallness of the range 
of spirit-thermometers, employed linseed-oil in tubes for the purpose 
of measuring degrees of temperature. This liquid has nearly the same 
amount of expansibility by increments of heat as alechol; and it is 
capable of bearing a considerable amount of heat and of cold without 
either boiling or ing; but from its viscidity it adheres so much to 
the interior side of the tube as to render accurate observations quite 
impossible, and on this account it has not since Newton's time 
sao oe for thermometers. * 

he thermometer which is now in general use is a slender tube of 
glass terminating in a ball containing mercury, the air bg 3 been 
expelled and the tube afterwards hermetically sealed. The idea of 
ne ed of heat by 

its expansion is supposed to have first occurred to Dr, ey; and the 
reason why it was not employed by that philosopher appears to have 
been that the range of its i is much less than that of alcohol. 
According to Boerhaave (‘Elementa Chemin,’ 1732), the honour of 
having been the first to recommend a mercurial thermometer is to be 
ascribed to Rémer, the discoverer of the motion of light, who is said 


to have invented it in 1709; but it was not till the year 1724 that _ 


such a thermometer was known in this country. In that year an 
account of a mercurial thermometer which had been invented by 
Fahrenheit, of Amaterdam, in 1720, was read before the Royal Society, 


and was published in the ‘ Philosophical Transactions’ (vol, xxxiii.), 
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The advantages of mercury over alcohol and air, as a measure of tem- 
perature, are that its expansions are more nearly proportional to the 
increments of heat than those which take place in either 
of the other fluids; it is easily deprived of air, and its 
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10,000 equal "parts, and to be wholly occupied by the oil 
when the instrument is plunged in melted ice, Sir Isaac 
the heat of the human body the oil 

ge Reg Reggie Boye that of boiling water 
parts ; then, considering the point at which the top 


thought that one of the fixed points was that of boiling water, and 
that the other, which is.the zero of the scale, was that at which 
the top of the column stood when the instrument was exposed to an 
th point it and dat of ‘polling wa divided into 212 parts, 
this last to! water is divi to parts, 
and the point of freezing water is at the thi division 
from the zero point. See the scale on the right of the tube in the 
gates ead 
M. ur constructed a thermometer in which rhs a wage 
t 


has been long since abandoned ; for, besides the difficulty of giving 
degree cf sizength to the spirié, it is well known thet the 
HEE saariod be woside 0 take the tecperabare of boiling water, on thet 
the determination of the u point in the scale must be very erroneous, 
That which is now called ur's thermometer ig an improvement 
on the former, by M. Delue, who determined the points of freezing and 
boiling water by experiment, and divided the distance between them 
into eighty parts, the zero of the scale being at the former point. See 
the acale on the left of the tube in the above figure. 
A third scale, called “ Centigrade,” has been much in use among the 
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below the point of freezing-water, the employment of negative 
signs is of more frequent. occurrence with these thermometers than 
with those of Fahrenheit, 

The following formule will serve to convert any given number of 
degrees on Fahrenheit’s scale into the corresponding number of degrees 
on Réaumur’s and the Centigrade scales, and vice versd. 


Me eect etek y, corresponding numbers of degrees: on 


thermo- | negative, and 


ree: 5 
(F—32°) 3 = R, and (F —32°) 5 =o: 
9 9 
Z R+32=F, and 5 C+32=F: 


4 5 
also, 5 O=R and q Bec. 


N.B. When F is between zero and 32°, the values of R and 6 are 
ress the required number of degrees below zero on 
Réaumur’s and the Centigrade scales, Also, when Fr, R, or ¢ ex 
any given number of degrees below zero on its proper scale, it must be 
considered as negative. 

The scale invented by De l'lsle of St. Petersburg, in 1733, being 
still occasionally in use, it may be n to mention that it is 


ecessary 

formed ing the space included in each degree equal to one 
hundred-thousandth part of the whole volume of the mercury; the 
zero of the scale is at the point of boiling-water, and between this 


int and that of freezing-water the space is divided into 150 parts. 

ar may be observed that the situation of the freezing-point on the 
oa bear grayed dareie riage A omer aieir ifr tos 
ball and part of the tube be immersed in pound ice; for itis known 
that water ining ice and snow remains of the same temperature 
till the ice is entirely dissolved, every accession of heat to the water 
being employed in promoting the dissolution. But the point of 
boiling water is far from being so precisely known, since it varies with 
the density of the atmosphere at the time of making the deter- 
caret nn water in an ig Maher oem se shed 
ressure of the atmosphere, boils at an invariable temperature, except 
te ther a8 the tates of tlie renee! aay toad nome dilfecss for if the 
heat communicated to the water be increased, the only effect produced 
is that of drivi pe BE hn rg Sauget ahd i Poiryid 
vessel exha of the air the water will boil at a temperature 
expressed by about 70° of Fahrenheit’s scale, while in a vessel con- 
structed so as to prevent atmpeerg ters, abel remain in a 
liquid state at a ‘temperature of 400° upwards. In order 
therefore that the temperatures ope Seay Ry pkey ser 
may agree together, it is recommended point should be found 
Son wate boiling in the open air at a time, if possible, when the 
height of the mercurial column in the barometer is 30 inches, and 
when the temperature of the air is indicated by 55° of Fahrenheit’s 
scale. 


This effect of the pressure of the 
water was noticed 
* Recherches sur les 


ere on the boiling of 
Fahrenheit in 1724, and M. Deluc, in his 
odifications de l’Atmosphére,’ has investigated a 
formula for determi the height of the boiling-point above the 
freezing-point of the in terms of the height of the mercury in 
the barometer ; but the hy eer artist, Bird, was the first who applied 
a correction on account of the state of the barometer, for the purpose 
of fixing the point of boiling water on the scales of thermometers. 
The Society having, in 1776, appointed a committee to con- 
sider the best means of adj the fixed points of thermometers, 
the formula of Deluc was verified and reduced to English measures 
for the benefit of artists, in the event of their being obli to make 
the instruments under different states of the atmosphere with respect 
to density and temperature; and the following are some of the cor- 
rections which are given by Sir George Shuckburgh for determining 
the true place of the boiling-point of water. The first column contains 


Inches. 
26 —7:09 
27 +527 
28 — 8°48 
29 —1°72 
30 0 
31 +169 


the height of the barometer in inches; and the 
which is to be applied with its i 
Fahrenheit’s scale, in order to give 


d, the correct 

sign to the number 212 on 
e correct number of degrees at 
which the water will boil under the pressure expressed by the height 
of the mercurial column. The committee observe that in trying the 
heat of liquors, the quicksilver in the tube of the thermometer should 
be heated to the same degree as that in the ball; or if this cannot be 
= car should be applied on that account. (Phil. Trans.,’ 
vol. Ixvii. 

Thermometer-tubes should have their bores very slender, and, if 
possible, perfectly equable in the whole of their length. When there 
is any inequality in the transverse sections, the best artists make the 
graduations of the scale vary so that they may correspond to the equal 
divisions of a cylindrical tube; and in order to ascertain the relative 
dimensions of the sections, they cause a small quantity of mercury, 
about an inch in length, to slide along the interior of the tube, 

ing its length in different places; then, since the lengths are 
inversely proportional to the areas of the sections, the variations of 
the former will immediately show the corresponding variations of the 
latter, The method of calibration, as it is called, recommended by 
the Kew committee, will be noticed presently. It is usual to 
give to the bore an oval form, with the broader side towards the 
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front, in order that the mercury or spirit may be easily disti ed 
at a certain distance, as by approaching very near the instrument, the 
heat of the observer's person may affect the length of the column. 
Mr. Sheepshanks found that tubes with round bores were far more 
nearly true than those with flat ones, He also approves of bulbs 
three or four-tenths of an inch in diameter, They should not be too 
small, or the graduations of the scale will be close together, nor 
too large, or the instrument will not be sensitive on account of the 
large body of mercury required to be heated. The bulb should not be 
blown by the breath, lest moisture be introduced, but by an india- 
rubber bag. 

It is of course essential that the extent of the thermometer-scale 
should be great enough to comprehend all the temperatures at which 
the substances generally required to be examined exist in a state of 
fluidity ; and this extent may be obtained when mercury is employed. 
‘Aeoouieas to the experiments of Mr. Dalton, mereury does not boil 
till it has acquired a temperature equal to 660° of Fahrenheit’s scale ; 
and it does not freeze till it is subject to a degree of cold expressed by 
39 divisions below the zero of that scale, (—39°) or 71° below the freez- 
ing-point of water. Pure alcohol, on the other hand, has never been 
frozen, though it has been exposed to a degree of cold exceeding that 
which ig expressed by 166° below the zero of Fahrenheit; (—166°) 
though at that poomaeealty low temperature it became viscid. Hence 
a spirit-thermometer is to be preferred to one of mercury when it is 
intended to ascertain the temperature of the air in high northern or 
southern latitudes: but since the spirit boils in air with a degree of 
heat expressed by 173° of Fahrenheit, it is unfit for many of the 
purposes for which a thermometer is in yorey = For instruments 

ble of measuring very high temperatures, see PYROMETER. 
e the sAsorrussar ay of fg eine fer the air should be carefully 
expelled from the tube, and even from the mercury or spirit within 
it: the variations in the density of the atmosphere cannot, under 
proper precaution, affect the instrument, since the tube is hermetically 
sealed. This precaution consists in not graduating the tube for some 
months after it has been sealed, or until the glass has accommodated 
itself to the altered circumstances of a vacuum within and atmospheric 
pressure without. The most carefully constructed thermometers will 
shift their fixed points if graduated too soon after filling. It must 
also be observed that the indications of temperature are not precisely 
in terms of the dilatation of the mercury or spirit only, but 
in terms of the excess of that dilatation above the dilatation of glass. 
The apparent dilatation of mercury in a glass tube is equal to =, of its 
volume, between the temperatures of freezing and boiling water ; and 

its true dilatation between the same limits is “5, of its volume. 

A perfect thermometer would be one in which the expansions of the 
fluid in the tube were exactly proportional to the increments of heat 
which it might receive from the substance whose temperature is to be 
determined ; but it cannot be said that any of the fluids which as yet 
have been employed in the construction of thermometers strictly pos- 
sess this property. Mercury is the fluid in which it exists in the 
greatest degree ; but from the experiments of Deluc it has been ascer- 
tained that, between the points of freezing and boiling-water, the tem- 
perature indicated by the mercurial thermometer is lower than the 
true tem) , the greatest difference (which, however, is only equal 
to 1°*4 of Réaumur’s scale, or 3°15 Fahrenheit), being in the middle 
between those two points on the scale. From the same experiments 
it is also found that when thermometers are regulated so as to agree at 
the points of freezing and boiling-water, whether the liquid be oil, 

irit, or water, the indications are always below those of mercury, 
the difference being the greatest at the middle between those points, 
With oil of olives the difference is 1° of Réaumur’s scale (2°25 Fahr.) ; 
with highly-rectified alcohol, 4°-9 Réaumur (11°02 Fahr.); with half 
alcohol and half water, 6°*7 Réaumur (15°07 Fahr.); and with water, 
19°5 Réaumur (43°87 Fahr.). It must be observed that great irregu- 
larities take place in the expansion of all fluids when near their boilin; 
state, and that mercury contracts very suddenly when at the point o' 
its on. The deviations of the spirit-thermometer from the 
true indications of heat are known to be rather than those of 
the mercurial thermometer. It may be added, that the alcohol ina 
thermometer-tube loses, in time, part of its strength; and that, in con- 
sequence, the degree of expansion by a given increment of heat is not 
the same as when the instrument was made, ‘The expansion of alcohol 
for temperatures greater than about 173° Fahr., at which the spirit 
boils, cannot be ascertained practically, because the at that 
temperature passes into a state of vapour; and the com between 
the mercurial and the spirit thermometer ought not to be carried 

than that temperature; or the scales for me and spirit 

t to be 80 as to with one another at the freezing- 

of water and at the temperature of 173° Fahr.; if this were 

attended to, the differences between the indications of the mercurial 

and spirit thermometers, above that point, would be less than they 
a, Pr be by the eonges of Deluc. 

measurements by Regnault of the total expansion of mereury 

for three p: ve intervals of 180° Fahr., give the following results ; 

Between 32° and 212° it is 1 part in 55°08; between 212° and 392° it 

is 1 in 54°61; and between 392° and 572° it is 1 in 64°01. In the 

mercurial thermometer it may be assumed, without sensible error, that 


between 32° and 212° equal increments of heat raise the thermometer 
& an equal number of The increase in the capacity of 
for 


eter, 
of mercury, with an increased temperature. 


the di ion 
Mr. Dixon, in his ‘Treatise on Heat, says: “ Different have 
different co-eliclente ‘of axaiiiion, gaa abeo ean ie Uh w of their 


dilatation at high temperatures, and as the amount of absolute dilata- 
tion of mercury is small, this variation in the expansion of the 
envelope produces irregularities of considerable 

aan dilatation jon of mercury, As ag real 
much greater, its apparent expansion 

ensue xen Dy See the rate of 
and accordingly in an air-thermometer the rate of expansion of 
lass may be considered as sensibly uniform. When corrected, there- 
a for the expansion of its en , such an instrument forms the 
most perfect thermometer with w! 


: 
i 


meter made with deseri of glass employed by M. 
Regnault, the agreement between the two instruments was 
macy Vibe corapepl ‘will cos OF areal igus, Gutiough oa gaan 
tube, com; with one o! : 
from 0° to 100° C., yet at higher temperatures the discrepancies were i 
1st Thermometer, 2nd Thermometer, Difference. 
190°51 191°66 115 
246°68 249°36 2°68 
251-87 25457 2°70 
279°08 282°50 3-42 
$10°69 315-28 4°59 
333°72 340°07 6°35 


Water, like other substances, suffers a diminution of volume by the 
abstraction of heat, but when it is cooled to a temperature between 
39° and ~ 4 scan ee it seems to hare. attained 7 
maximum of density; an process of cooling be continued, 
then increases in volume till it is converted into ice. Therefore, ifa 
thermometer were made with water, and the top of the column were 
at 50° Fahr., it would be impossible to know whether the , 
were 50° or 30°, the expansion vs nearly 
within 10° above and below 40° of the scale. 


during Sir Edward Parry's second voyage, the di between the 
indications of the spirit and mercurial thermometers varied from 3°°05 
to 8° Fahr. between the temperatures. + 58° and —30°, the alcohol 
being always too low. At very low temperatures alcohol thermometers, 
unless very carefully prepared, differ greatly among themselves. 
Dr, Kane in his Arctic voyage records temperatures as low as from 
—60° to ws i oe he admits that “it was not uncommon for ther- 
mometers whic’ given us correct and agreeing temperatures as 
low as —40° to show at —60° differences of from fifteen to — 
degrees.” In remarkable contrast with this are the results o 

by Sir E. Belcher in his Arctic with the thermometers furnished 
to him by Mr. Welsh of the Kew Observatory. While wintering in 
Northumberland Sound, 76° 52’ N., 97° W., he made a comparison of 
seven thermometers, marked 2, 6, 8, 20, 3, 4, 5, with a standard instru- 
ment, with the following results, The temperatures were all natural 
ones :— 


Standard, 2. 6. 8. 20. 3. 4, 5. 
Fahr. o ° ° ° ° ° ° 
—20° —21 —20 | —20°6 | —21°2 | —20°4 | —20°7 | —21°1 
—30° —31 —80 | —30 | —31°5 | —30°8 | —31°2 | —31°5 
—40° —40°5 | —39°6 | —39°8 | —40°5 | —40°5 | —39°5 | —41°3 
—50° —50 —19 |—49 |—51 —419 | —49°3 | —51°9 


The lowest temperature observed was on 12th January, 1853, 
namely —62"5. indices of the minimum thermometers read next 
day at 8 a.m, gave —62°, —61°6, —66°,—63°2. “Thenight was bright 
and calm ; no sensation of cold. —63°:2 is the external exposed thermo- 
meter, but was never read ¢: by its index of that graduation.” 
Parry's coldest was —54° for 154 hours. In Belcher’s Expedition, the 
following temperatures were observed ;— 

—46° and below, for 156 continuous hours, 

—50° ” ” 89 ” ” 

—52° ” ” 88 ” ” 

5° 


” ” 
—58" to 625 L's pipers 


In the tion of it thermometers the alcohol should be 
oteclue, nad the shay satel be Gopelved of cs by botliag When the 
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instrument is intended to mark low temperatures, it is desirable 
to graduate it by means of two fixed points, namely, the freezing point 
of water (32°) and the freezing point of mercury (—39°). Professor 
Miller has also a third fixed point, namely, the fusion of solid 
carbonic acid when it shall have been determined. The very low 
artificial that have been recorded must not be insisted 
upon, as the law of contraction of alcohol (which seems to form a con- 


verging series) is not yet known, and upon it the indications 
of the spirit thermometer must of course depend. Even the low 
natural tem) which are sometimes recorded, are not always 


trustworthy. During the severe cold of the winter of 1860-61, some 
eee eee ners eee eral t0.be encore. ini sonserencee cf 
the distillation of a portion of the spirit in the minimum thermometer 
_into the further extremity of the horizontal stem. It has been shown 
that such a thermometer requires to be tilted from time to time to 
connect this portion of with that in the stem, unless indeed the 
new make come into general use, in which the end of the stem is 
Peers et te ee eee ; 
Register Thermometers.—It._ is great importance in meteorology 
that the observer should be able to ascertain the highest or lowest 
< point of a thermometer scale at which the column 
po of mercury may have stood during his absence ; 
anda very large number of contrivances have 
been made to obtain this end. Of these, one, 
which is not quite gone out of use, was invented 
by Mr. Six, wi name the instrument bears, and 


is described in the ‘ Philosophical Transactions’ 


© to certain points, 
as @ and c, and the bulb is filled with spirit of 
wine, which passing over the bend at d, descends 
to the upper the 


©] mercury in either tube, and they have about them 
Aa i ecgediak ates ns 
will remain 


i where happen 
taltaconiasiha: bende as en’ cob: thes olan 
Their lower extremities con- 


ge 
z 
: 
: 
3 


the 
to which it had been previously raised; the mercury in 
carrying the index m before it, till an augmentation 
e spirit in a to expand, and again force the 


on the scale bel i to branch o are numbered 

\ tenons belonging to B are num- 
ways indicate the 
means of a magnet the indices 
jose points: from thence after- 
wards the former ascends by a decrease, and the latter by an increase of 


expanding mercury, and is left stationary when the mercury begins to 


maxi- 
mum, only it contains coloured alcohol, the index being a small 
ting in a bead, and resting just below the sur- 


in B: above | are 


other side of the rectangle. _ To the latter side 


by Negretti, is to contract the tube just above the bulb, so as to allow 
the mercury to pass when it expands, but not to return when it con- 
tracts. The maximum temperature is thus marked, and the instru- 
ment can be reset by giving it a slight swing. The advantage of this 
instrument is that there is no index to get out of order, but there is 
some trouble in determining the corrections necessary to bring its 
readings into unison with a standard thermometer. Professor Phillips 
has a maximum thermometer, in which a portion of the mercurial 
column is detached from the rest by means of a small bubble of air, 
which detached portion remains stationary in the tube when the 

in the bulb contracts, and thus marks the highest reading. 
The instrument is reset by swinging or inclining it. A good minimum 
thermometer may still be considered as a desideratum. Messrs, 
Negretti and Zambra have contrived one of very ingenious construe- 
tion, in which a slender-pointed needle is brought down to the surface 
of the mercury in the tube, the latter being of wide bore, and ina 
vertical position. As the mercury contracts the needle descends with 
it, but on rising the mercury presses the needle to the glass, and rises 
up by the side of it, instead of raising it. There are difficulties in the 
manufacture of this instrument, and also in the method of observing 
it, and all we can say of it is, that it is under trial. The introduction 
of photographic registration [Seur-Recisterinc InsTRUMENTS] in 
meteorological observatories greatly limited the necessity for 
mi i istration. Even the wet and dry bulb thermometers 
[Hycromerer] are now registered photographically. 

The Chromatic Thermometer is a contrivance by Sir D. Brewster, in 
which a number of superposed plates of glass exert under differences 
of temperature a polarising action, which is estimated when the plates 
are held in a beam of light polarised by reflection. 

Wollaston’s Thermometer, for determining heights by -variations 
in the boiling point of water, is described under Boitine or Liqurps. 

Differential Thermometer.—This instrument, which was invented by 
M. Sturmius, of Altdorf, before the year 1676, and was revived by 
Professor Leslie, in 1804, consists of two ther- 
mometer tubes, terminating, at one extremity 
of each; in a hollow glass ball, and containing 
coloured uric acid : the opposite extremities 

united by the flame of a blow-pipe, and an 
enlargement of the bore is made at the place of 
junction. _ The tube is then bent so as to form 
three sides of a rectangle, the two balls, which 
are of ae diameter, forming the upper extre- 
mities of two sides; and the instrument is on a 
stand with the branches of the tube in vertical 
positions. When the temperature of the air in 
the two balls is the same, the acid occupies one 
side and the base, and rises a little way up the 


is attached a graduated scale, with the zero of 

which me u extremity eS the acid ree 

branch coincide. In the event of this  piserential Thermo- 

na paca being deranged, ¢ eet be diay meter, invented by 
causing a small quan ‘0M. M, Sturmius of Altdorf, 

Saahall othe other, ution. ie aoeia. eianle < 

= warmth of a hand applied to that ball from whence the air is to be 
ven, 

The variationg of temperature in the apartment will evidently have 
no effect on the ment, since the action upon the two Is will 
be equal: but if one ball alone be heated, the rise of the acid in the 
other will immediately indicate the difference between the tempera- 
tures of the media about the two balls by the excess of the e sion 
of the air in one ball aboye the ion in the other. The delicacy 
of the instrument is such that the least difference of temperature is 
immediately made sensible by the movement of the acid. 

Radiating Thermometer, or Actinometer—For the purpose of 
measuring the intensity of solar or terrestrial radiation, an instrument, 
called an ActrvomMETER, has been contrived, for the use of which we 
must refer to that head; but it may be remarked that an approxima- 
tion to the measure of solar radiation may be obtained by simply 
exposing a register thermometer with a blackened ball to the direct 
action of the sun’s rays. [Rapration.] The thermometer should be 
placed a few inches above the ground, and be screened from currents 
of air; and the graduations should be made on the stem of the thermo- 
meter,in order to avoid the errors arising from the expansion or 
warping of the scale, The force of terrestrial radiation may be 
measured by the minimum temperature of a register thermometer, 
whose ball is placed in the focus of a concave mirror: the face of the 
mirror is to be turned towards the face of the sky, but away from the 
rays of the sun. R 

Since the establishment of the Kew Observatory, the construction of 
meteorological instruments has received the earnest attention of com- 
petent minds. Under Barometer will be found the method by which 
the Kew standard was formed by Mr. Welsh, the late superintendent, 
He has also given directions for the construction and comparison of 
thermometers ; his Report, presented to the Royal Society in 1852 
ot printed not in the ‘Transactions’ but in the ‘Abstracts of the 

,' &e.,"), being founded in great measure on the plan proposed 
* Sco also British Association Report, 1853, 
. Q 
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by M. ult, Our limits will not allow us to do more than just 
indicate the methods adopted. And first, as to the calibration of 
the tube. A short column of mercury (less than 1 inch in length) 
having been introduced into it, the tube is attached to the frame 
of Perreaux’s dividing engine, and, means of flexible tubing, is 
connected at me ends with ong ber rept Ay oe re 7 
which is regula screws, © mercury is brought to that part o: 
the tube where ri graduation is to be commenced, The cutting- 
frame of the engine carries a small microscope with croas-wires in its 


focus ; on turning the dividing-screw, the microscope wire is made to | p' 


coincide with the first extremity of the mercury, and the screw is then 
turned forward until the wire reaches the second extremity; so that 
the length of the column is thus given in revolutions of the screw. The 
mercury is then made to move along the tube by pressing on one of the 
india-rubber bags until the first end again coincides with the microsco; 
wire, when the length of the column is again measured, and the 
mercury again moved forward : this process is repeated until the column 
has been measured for each length of itself through the whole extent of 
the proposed scale. Permanent marks are made on the glass at the 
points of commencement and ending of calibration. If. the progress of 
the numbers shows any considerable irregularity in the tube, and as a 
Verification of the first set of measures, the calibration may be re- 
peated, commencing at a point one-half the length of the column in 
advance of the original starting point. A series of measures inter- 
polated from the two sets may then be adopted. In this operation 
the mercury should be very pure and the tubes clean. Secondly, with 
respect to the graduation, measured lengths of the column of mereury, 
in its successive steps along the tube, correspond to equal volumes, so 
that assuming the calibre of the tube not to vary throughout the 
small length of the calibrating column, it is evident that by dividing 
the spaces occupied successively by the mercury into an equal number 
of parts, the divisions will represent the same capacity, although they 
may be of different » Before making the tube into a ther- 
mometer, the divisions of the scale may be verified by introducing a 
longer column of mercury, and exathining whether the columh occu- 
ies an equal number of divisions in different of the scale, 
ould there be any a a table of corrections is to be formed, 
but this is seldom required. e divisions are cut with a fine needle- 
it upon a coating of engraver’s varnish, and are afterwards etched 
yy means of hydro-fluoric acid. The required dimensions of the bulb 
may be found approximately by weighing a measured length of the 
mercurial column; and from the known e ion of mercury and its 
specific gravity, computing the capacity of the bulb. Thirdly, as to the 
determination of the scale co-efficients: The thermometer being pro- 
perly filled with mercury and sealed, the divisions of the scale evidently 
represent equal increments of the volume of the fluid, but their value 
is quite arbitrary. The advantage of this plan is, that the divisions 
can be tested before the instrument is converted into a thermometer, 
The instrument is koe sufficiently long to allow of the settlement of 
the freezing point. e tendency of this point to shift, if the gradua- 
tion take place soon after the filling,has already been noticed, but 
Mr, Welsh has pointed out another peculiarity in this t: after a 
thermometer has been exposed for some weeks to the ordi tempe- 
rature of the air, if its freezing point be ascertained, and it be suddenly 
exposed for a short time to the temperature of boiling water, and again 
immediately placed in ice, the latter determination of the freezing 
point will be lower than the former, by as much as ftom 0°*1 to 0°-2, 
and the freezing point does not recover its former position for some 
time, probably two or three weeks. The freezing point is found by 
placing the thermometer in finely pounded ice, from which the water 
drained off as it melts. The boiling point is taken at the por gs 
of steam (from distilled water) of the same elasticity as that of the 
atmosphere. The barometer is observed at the time, and the correction 
to a uniform height of 30 inches (reduced to 82°) is found from 
Regnault’s Table. The fixed points are determined in the position in 
which the thermometers are to be used. 

In the graduation of mercurial thermometers, it is customary to con- 
sider increments of yolume as proportional to increments of temperature, 
a plan which cannot be adopted in the case of spirit thermonieters. 
In testing some spirit thermometers ‘graduated for low temperatures 
(namely, to —75° Fahr.) intended for the Arctic Expedition under Sir 
E. Belcher, Mr. Welsh proceeded to determine the rate of expansion 
of alcohol in glass, as compared with that of mercury. The alcohol 
had been care! 7 by Prof. Miller, and its specific gravity at 
60° was 0°796. tube was calibrated and divided with an 
scale, and its divisions were found upon verification to be of ri 4 

ual capacity throughout, The tube was then furnished with a bul 

the same dimensions as those intended to be supplied to the 
oat and was filled with alcohol. Comparisons were then made 
between ney, he this instrument and those of a standard mercu- 
rial thermometer ugh as wide a range as was found practicable. 
The above the freezing t were taken in water: those 
below 82° were taken in freezing mixtures of ice and salt, or chloride 
of calcium. From these comparisons the law of expansion was 
deduced, but for the details we must refer to Mr, Welsh’a report. 

The apparatus used at Kew for comparing the indications of different 
thermometers consists of a cylindrical glass vessel, 15 inches deep, and 
84 inches diameter, together with a stand for supporting the ther- 


latter =287 (silver =1000). The 


tates I 

the revolving stasd wat Sanh Geataoumoeie is brought opposite to his 
eye, and he reads off the scales Bane 

who takes down the numbers, 


~~, occur during the reading 
n graduating a thermometer for purposes, 
freezing point is determined as usual with melting ice or snow, and an 
upper reading is St ee ae a certain 
temperature, together with a standard 

now sold which have oe a comparison with the standards of the 
Kew Observatory, and as price is moderate, there is no reason 
kingdom should not be accurate, and comparable with 
scales are engraved on the tubes, so that no correction is required for 
the scale. When the instrument is intended to record the extern 
temperature, it should be placed in the shade away from the 

and radiated heat of walls and buildings, and the bulb should be 
perfectly . Convenient thermometer stands have been ¢ y 
by,Mr. Glaisher, Mr, Lawson, and Dr. Drew, for sheltering the instru- 


and recorded in 20 seconds, More than one set of readings should be 

made for each tem; ure, and the order of o the instruments 

should be rrersed to avold at much as possible, the changes which 
mi 


9a.m., 83 p.m., and 9pm. The i should be taken rapidly, 
ly Fie dare er, to prevent warmth of the body from 
uen em. 
THERMO MULTIPLIER, (Tuermo-Etecrricrry.] 
THERMO-PHONE. When a bar of i curved and 


sounds resembling those of an wolian harp, and also the di 
Ee oat aden secansite Gat ae i 
with the pressure applied by means of a 
the copper. The sounds will continue until the temperatures of the 
lead and the co approach each other, Such an 
called a thermo-phone. The experiment succeeds best with metals 
whose conducting powers for heat are very different, such as 
and lead, the cond power of the former ngs. rch | and of the 
experim is due to Mr, 
Trevelyan, was investigated by Professor Forbes (‘ Phil. Journal’), w 
owen’ of di 


vestigated 
THERMOSTAT, or heat-governor, is 
patented in 1831 by Dr. Ure, for 
ee of vaporisation and distillation, in heating baths and hot- 
ouses, in adjusting the en of stoves arid furnaces, in ventilating 
apartments, &c. It acts upon the’ principle that when two thin metallic 
bars, of different degrees of expansibility, are riveted or soldered side 
by side, an; ag of temperature will cause a sensible flexure in the 
compound bar; the side consisting of the least extensible metal be- 
coming concave, and the other convex. By this flexure of the com- 
pound bar, which takes place with considerable force, a movement is 
effected, which, by the intervention of levers, may be made to open or 
close stop-cocks, dampers, ventilators, or any description of valves, 


and thereby to regulate the flow of heated liquids or the admission 
and emission of air. The principle of the thermostat may be applied 
in many different ways, of which the following may serve as 

'o the other, or free 


Fig. 2. 


In fig. 1,4 is the compound bar, firmly fixed at b. 


Fig. 1. 


end of the com bar, is attached, 


means of a connecting rod 
the short end of a lever mounted upon 


e axis of a circular revolving 


valve, or ventilator, ¢; and from the longer end of the lever is sus- 


2 a mens = 
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year on the 11th of , and lasted three days, though some 
to The di in thi 
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will be Pig. 2 
shows é it, in which two compound bars, a, a, fixed 
at b, are made to and close a valve, ¢, in a pipe through which 
air, water, or any fluid is passed. peda yoy, aden pate 


ee eperes, the upper or moveable ends of the b: 
from other, and, consequently, alter the position of the valve. 


rack and pini Socotra | aye iedprepat rs b, 6, in this figure, 
isa + guide-rod, which is fixed at one end by a screw-nut ¢, The 


THESMOPHO’RIA (Gccpyoddpia), a festival with mysteries in honour 
Demeter, to whom all the institutions of civilised life, especially 
ivi igious laws, were attributed. The festival of the 


luced at Athens, 

and ing to Herodotus 
ters of Danaus from Egypt. Its celebration was 
confined to women, ly married women. It commenced every 


as well as in that of other Greek and Roman festivals, seems to have 
ees trae a ten a . gtvosb aaah tse tert seams Agari 

one or more days to preparations. and purifica- 
writers reckoned these days as belonging to the 


, the women of each demos elected from 
matrons to conduct the solemnities, whose 


and 
festival. 
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and second 

mysteries at Eleusis. The second day, called yyorela, or 
, on which the women were not 
food than cakes of sesame and honey, and 
spent sitting in mournful attitudes on the 
ee ees we Sine of the goddess. Meursius and others think 
the procession to the Thesmophorion (the temple of Demeter 
Thesmophoros) at Athens, which is alluded to ay a Car 
hone ed 276, &c.), and in which the women walked a 
waggon with baskets containing mystic symbols, took place in 
y, the whole of which was a day at 
Athens, on which neither the senate nor the people were allowed to 
hold their usual meetings. The third day was called kadAryéve, o 
Demeter, by which she was invoked on this occasion. 
(Aristoph., ‘ Thesmophor.,’ 296, with the Scholiast.) On this day the 
women made up for the day of mourning, and indu in various 
in imitation of Iambe, who was believed to haye 

created a smile on the face of the goddess during her grief. 
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THESSALONIANS, Eptstizs To THE. Christianity was introduced 
among the Thessalonians ‘in a.p, 50, by St. Paul, when he first passed 
over from Asia Minor into Europe to preach the gospel. St. Paul 
found at Thessalonica a synagogue of the Jews, “and went in unto 
them, and for three Sabbath days reasoned with them out of the 
Scriptures,” endeavouring to convince them that Jesus was the Christ 
or Messiah e by them. Though some of them believed, his 
success with the Jews does not appear to haye been great; but a con- 
siderable number of the “ devout Gentiles ” were converted, and many 
women of distinction; so that, the Christian church at Thessalonica 
was composed both of Jews and Gentiles, of whom the latter were the 
more numerous, The unconverted Jews stirred up a persecution 
against him, so that himself and his companions “ were sent away by 
night by the brethren” to the neighbouring city of Berca. Here, 
again, the Jews of Thessalonica stirred up a tumult against St. Paul, 
so that he was obliged to retire to Athens, leaving, however, Silas and 
Timothy at Berea. At Athens he was subsequently joined by them, 
and being anxious about his recent converts at Thessalonica, “ when 
he could no longer forbear” (1 Thes., iii., 1), he sent Timothy from . 
Athens “ to establish them, and to comfort them concerning the faith.” 
St. Paul then visited Corinth, and on the return of Timothy with 
“good tidings of their faith and charity, and that they had a good 
remembrance of him always” (1 Thes., iii. 6), he wrote his first epistle 
to them, a.p. 52, from Corinth, and not from Athens, as the subscrip- 
tion of the epistle imports. 

It was one of the earliest, if not the very first, of all St. Paul’s 
epistles, the doubt lying between this epistle and that to the Corinth- 
ians, written from the same place, That to the Galatians was also pro- 
bably written from Corinth before the Second Epistle to the Thessa- 
lonians, The genuineness of the first epistle has always been admitted : 
together with the second epistle, it is quoted and recognised as the work 
of St. Paul, by Irenzeus, Clement of Alexandria, Tertullian, Origen, and 
all subsequent ecclesiastical writers. The immediate occasion of St. Paul’s 
writing this epistle was the favourable intelligence brought by Timothy 
of the steadiness with which the Thessalonians adhered to Christianity, 
in spite of the persecution with which they were assailed by their own 
count Besides being sxppend to direct persecution, there can 
be little doubt that they were in danger of being moyed by the 
peaeoningy of their religious adversaries, to which the sudden disappear- 
ance of St. Paul from Thessalonica, and his ap it desertion of them 
at a critical moment, might give some plausibility and apparent con- 
firmation. To counteract the natural result of all this was one of the 
chief objects of Timothy’s mission, and the First Epistle to the Thes- 
salonians was written with the same design. Accordingly, in chap. i., 
after a short introduction, in which he couples the names of Timothy 
and Sylvanus (the Roman form of Silas) with his own, he expresses his 
thankfulness for their “ work of faith and labour of love, and patience 
of hope in the Lord Jesus Christ,” and then (y. 5-10) reminds them 
of the “ proofs of power and of the Holy Ghost” with which the 

reaching of the gospel among them was accompanied, as evidences of 
its truth, and commends them for the constancy of their faith. 

The Second Epistle to the Thessalonians was undoubtedly written 
soon after the first; Sylvanus and Timothy being joined with the 
apostle in the inscription of this Epistle as well as of the former; and 
as in chap. iii, ver. 2, he requests the prayers of the Thessalonians 
for his deliverance from wukel men, it is not improbable that he wrote 
it soon after the insurrection of the Jews at Corinth, when they dragged 
him before Gallio, and accused him of persuading men to worship God 
contrary to the law. This Epistle seems to have been occasioned by 
the information which St. Paul received on the state of the church at 
Thessalonica from the messenger who conveyed his first letter to the 
elders of the church, and his report of the effect produced by its con- 
tents. From some expressions in that Epistle (iy. 15; v. 4-6), com- 
oye Beha sap ii, of the second, it would seem that a number of 

onians come to the conclusion that the day of judgment 
was at hand, and would happen in their generation. To correct this 
misapprehension, and to prevent the anxiety and the neglect of secular 
affairs which resulted from it, appears to haye been the main object 
and design of St. Paul in writing this Second Epistle to them. 

This Second Epistle to the Thessalonians is, next to that to 
Philemon, the shortest of St. Paul's Epistles, but not inferior to any 
in- style or spirit, and it is also remarkable as containing a distinct 

rophecy of the corruptions and delusions which were to arise in the 
istian Church, 

The undesigned coincidences between these Epistles and the “ Acts 
of the Apostles” are given in Paley’s “ Hore Pauline.” 

THIACETIC ACID (HS, C,H,0,8). The product of the action of 
tersulphide or pentasulphide of phosphorus upon monohydrated acetic 
acid. It is a colourless liquid, possessing at the same time an odour of 
acetic acid and a sulphurous smell. It unites with bases, and may 
Ko is ad to yield an anhydride—thiacetic anhydride (C,H,0,S+ 

+ . ° 

THIACETONINE (C,5H,o(C,H,),NS,). An artificial organic base 
penguoed by the simultaneous action of ammonia and sulphuretted 


ydrogen upon acetone, : 

THIALDINE (C,,H,,NS,). An alkaloid produced by the action of 

sulphuretted hydrogen upon aldehydide of ammonium. It is volatile 
crystalline, very slightly soluble in water, but readily so in alcohol 


1 
j 


- ee - — — 
on THIANISOL. THOROUGH-BASE. "SL ak 
and in ether. It forms crystalline salts with acids, A similar base | ment of four extra members, who should become regular ? 

selenium in abs pines of sulphur and termed selenaldine, | vacancies should occur ; and in 0 er hat number of was 
be prepared by an analogous ‘ permanently extended to ions worn by the if 
THIANISOL (C,,H,O,S,). - Hydride of sulphanisyl. A white pul- | consist of a collar of gold, composed of sixteen By 


verulent organic substance, formed by the action of hydrosulphate of 
ammonia upon hydride of azoanisyl. 


THIN PLATES. [Usovuiatory-Turory.)} 
crystalline body, formed 


THIOFORMYLIC ACID (C, OS, 1). A 
ydrogen upon formiate of lead. 
odour, and 


by the action Sieh sul veer 

It possesses a sli Z is insolu water, bu 

freely soluble in toiling alcohol and ether. Its alcoholic solution does 

— redden litmus paper, and it has not yet been made to form definite 
ts. 

THIOFURFOL (C,,H,0,S,). An unimportant organic substance, 
formed by the action of hydrosulphate of ammonia upon eolution of 
furfurol. 

THIONAPHTHAMIC ACID, [Naputuatic Grovr.] 

THIONAPHTHIC ACID. [Napursatic Grovr.] 

THIONESSALE. [Srivpene.]} 

THIONURIC ACID, [Unto Act.] 

THIOSALICOL. [Saricriic Grovp.] . 

THIOSINAMINE (C,H,N,S,). “Rhodalline. A compound of 
ammonia with the oil of mustard, or sulphocyanide of allyl. It erys- 
tallises in brilliant white right rhombic prisms, which are inodorous 
and bitter. Thiosinamine is easily soluble in hot water, in alcohol, 
and in.ether. It forms salts which are very instable and rarely crys- 
talline. Treated with oxide of mercury it yields sinamine ; 


C.H.NyS, + HgO, = C,H,N, + HgS, + 2HO. 
et —— 


Thiosinamine, Sinamine, 


Treated with ethylamine instead of ammonia, oil of mustard yields 
thiosinethylamine (C,,H,,N,S,). Whilst by treatment with oxide of 
aes the latter body yields sinethylamine (C,,H,,N,). [Mustarp, 
Om oF. 

THIOSINETHYLAMINE. Kicoepraersa’ Me 

THIRD, an interval in music, classed among imperfect concords, 
because liable to alteration; that is, the third part may be either 
major or minor. The ratio of the Major Third is 5:4; of the Minor 
Third, 6:5. The former comprises one major and one minor tone, 
as cr. The latter comprises a major tone and a semitone, as a0, 
Example :— 

Major Third. Minor Third, 


4 =es = — 
Or, according to the mode of description adopted by many writers 
on the subject, the Major Third comprises, inclusively, five semitones ; 


the Minor only four. ple : 
Major. Minor. 


THIRLAGE, a tenure or custom formerly very common in Scotland, 
by which the owners or occupiers of certain lands were compelled to 
take their corn to a particular mill, to which the lands were said to be 
thirled or astricted, and to pay a certain proportion of it, varying in 
different cases, as a remuneration for the grinding, and for the expense 
of the erection and maintenance of the mill. This kind of servitude, 
having become in many cases exceedingly oppressive, has fallen very 
much into disuse. 

THISTLE, ORDER OF THE, an ancient Scottish order of knight- 
hood, sometimes called the order of St, Andrew. The claim to a high 
antiquity rests on no other authority than the | account 
recited in the warrant for the restitution of the er in 1687, and 
given most minutely by several Scottish antiqnaries, attributing its 
formation to Achaius, king of the Scots, in commemoration of a victory 
obtained by himself and Honees, bing of the Picts, over Athelstan. 
Nicolas observes, as a fitting illustration of this 1 that Achaius 
died upwards of a century before the reign of A’ The 
investigation of Sir Nicholas Harris Nicolas, in the third volume of 
his ‘ History of the Orders of Knighthood o£ the British ag ot shows 
that the Order of the Thistle, as an organised ere not exist 
until the reign of James VIL. of Scotland and IL. of and. The 


warrant of James II. for the re-institution, as it is styled, of the “ most | 


ancient and honourable order of the Thistle,” which is printed at full 
by Nicolas, and which asserts that by authentic proofs, documents, and 
records, the order “ continued in great glory and splendour for many 
hundreds of years,” bears date Windsor, May 29, 1687. Statutes were 
issued, and eight knights were ‘nomina' by James II., but the 
patent for the restitution of the order never passed the great seal ; and 
on the abdication of James IL, the order fell into abeyance, until it 
was revived by Anne in 1703. The statutes then authorised were 
much the same as those framed in 1687, and are still in use. The 
order consisted originally of the king and twelve brethren. This con- 
tinued without alteration until July 16, 1821, when, in consequence of 
the coronation of George IY., an ordinance was issued for the appoint- 


ne ee 
ORINA. [TxorrNvm.] 

THORINUM (Th). A metallic body discovered 
earth to which he iven the name of thori 
converted into chloride of thorinum, and treated with 

pei ey pany ae powder was left oe 
gray colour, which, when pressed in an agate mortar, acq an a 
a water, either hot ~ 


gray tint and a metallic lustre. It is not oxidised 

or cold, but when heated in the air it burns brilli , and is con- 

verted into oxide of thorium, or thorina, which is white, 

Seager" of trace of fusion. _Thorinum is at all acted upon’ 
trie 


disso —— it readily with the evolution o! 
18 *" 

Oxygen and Thorinum combine to form oxide of thorinum, (ThO) or 
thorina, by heating the metal in the air, or by decom the chloride 
by means of an alkali, heed seen te its density 
is 9°402, and it is then insoluble in any acid but sulphuric, and in~ 
that with difficulty, It is precipitated in the state of h: from its 


solutions by the alkalies, and in this state it is soluble in - 
acids, and is converted into carbonate by exposure to air. The 
alkaline carbonates dissolve the hydrate, and subsalts of - 


thorina ; thorina is precipitated from solution by the ferrocyanide of 


oxygen, as mentioned, 
energetically with chlorine, sulphur, oe 8} 
i examined 


nds 


over or under the» 
is is one of the many absurd 
terms employed in music, and its meaning is altogether arbitrary. 

The figures used in Thorough-Base are the nine units. These repre- 
sent certain intervals or sounds. Thus a 6 placed over a c in the base, 
points out a as an eer and that figure also implies two 
other notes attendant on it, namely, the 3rd and 8th, which are called 


the accompaniments of the 6th. A 6 and a 5 placed under,it (5). indi- 


cate a ners ee ee ee ; and also, as 
accompanying notes, the 3rd and 8th. alps ere. 5, and 8, singly, 
or together, represent the perfect or common chord. But in nugh~ 
Base a base note without any figure is pn tr to carry a 
chord. The chords are, as a general rule, ed to the it hand 
of the performer, and the intervals are, in most cases, coun! an 
octave above the figured note. This will be more clearly understood 
by referring to the articles Accompaniment, Cuorn, and Harmony. 
The following is a tabular view of the used in 7 : 
Base to represent chords, together with those, not written, but = 
stood, representing the accompaniments which, with the base, form the 
chords :— 


Chords designated Accompanying 
5 ‘ 5th and 8th 

8rd, . accompanied by a 4 , 
5th, ad Haruna ee 
CO Se 3 . +» 5th and 8rd. 
6th, # es 8rd and 8th. 
Sth, } 4 Ko aeghe rethi 
7th, ‘a »  « » 8rd, Sth, and 8th. 
eth, 4 . + + Srd.and Sth, 
rd, iy . ; major 6th, 
Snd, 5! Baten Ps, Oth; 
4th, sometimes. called the 11th, jem and 8th, 


“accompanied by a : 
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Chords designated ~ j Accompanying 
,by figures. _ : intervals. 

th, ; } accompanied byan- ..._.. ~8th. 
&th (sharp 6th) ,, Rh 2 A Sra. 
9th, a5 Fre ; . 8rd and 5th, 
me | 2 5th, 
ith, . 3rd. : 
7 (sharp 7th) ,, 5th, 4th, and 2nd. - 


Some other chords of an extraordinary kind are occasionally formed; 
but they are always clearly denoted, in Thorough-Base, by an ample 


_ number of figures. . 


When two figures are placed in succession over one base note, the 
time of the latter is divided between them, Example :— 


SSS = 


5 6 4 3 9 8 


— ee 
A , or flat, or natural, placed alone over a base note, relates 
solely to the 3rd. Example :— 


SI 
= 


When other intervals are to be raised or lowered, the proper cha- 
racters for the p are prefixed to them. A dash through a figure 


ete asc karek act ocoah bes elles tudo diesen, the bersece 
i to a keyed instrument, has fallen into disuse, the harmony 
being now fully and clearly to the eye of the accom: i 
in a treble staff over the base. But a knowledge of 
too commonly misnamed Thorough-base, that is to say, 
harmony, is Ababatety fadlepenenbie to the good musician, and very 
aitieatinten thee labour of those who, as amateurs, only aspire to 
practical skill either as yocal or instrumental performers, The rules 
harmony stand in the same relation to music as those of grammar 
do to language. 
reece seers ieee, (Petia. Ouate, 08 the Italians so 
well denominate it) has been stated to have taken place in 1605, and is 


earlier pee , and by an English composer, Richard ing, who, 
in 1597, published his Cantiones Sacre, at Antwerp, in which a 

1 base a And we have now before us Jacopo Peri’s 
tered te , printed at Florence in 1600, in which the base 
is figured throughout. LL by us also is Caccini’s Nuove Musiche, 
likewise Lag les one year later, and here we find the 

y bgu 

THREAD AND YARN. The distinction between thread and yarn 
eee oto render it desirable to describe them together under the 
present heading. 

Yarn is the general name given to the threads which are woven into 
the various kinds of textile fabrics, whether cotton, silk, flax, hemp, 
wool, or worsted; the terms twist, mule-weft, organzine, tram, abb, line, 
&e., being i names applied to particular sorts. Yarn for 
cotton-weaving is of two distinct kinds, according as it is intended for 
warp or + each kind being varied to suit different fabrics. Water- 
twist or (the first name having been derived from the 
water-fraine oo this kind of yarn was formerly spun, and the 
second from throstle now employed) is smooth and wiry, and is 
usually employed for warp in heavy goods, such as marten 3 
or for making sewing-thread. Mule-yarn (named from the mule 
by which it is spun) is of a soft and downy nature, calculated for the 
weft in coarse goods, and for both warp and weft in finer fabrics. The 


z 


spun yarn is distinguished by certain numerals, which indicate the 
number of hanks contained in one pound, each hank consisting of 840° 
yards of yarn. The two kinds of machines are adapted for different 
numbers; thus, the throsile is not now often employed for yarns finer 
than No. 30 or 40, the higher numbers being generally spun by the 
mule. By successive improvements in the machinery employed, yarn 
is now spun to an exquisite degree of fineness, several hundred miles of 
yarn being spun from one pound of cotton. The excellence and 
cheapness of the yarn spun by modern machinery has led to very large 
exports. Flax-yarn is not estimated by No., like cotton, but by terms 
peculiar to that branch of spinning. Three hundred yards form a lea - 
of flax-yarn; 38 leas form a spindle ; 6 leas form a rand ; 72 leas, or 
21,600 yards, or 12 rands, form a dozen. There is this difference, how- 
ever: in Scotland, flax yarn is designated by the number of lbs. in 48 
leas; thus the same yarn is known in England as No. 48, and in 
Scotland as1lb. yarn. In the process of preparation by spinning, 
the flax becomes separated into two qualities, the finer obtaining the 
name of line, and the coarser that of tow; and the yarn spun from 
these two qualities is applied to different purposes. Sedaris improve- 
ments have led to the production of such fine qualities of line, that 
it is now used in combination with silk in pocket handkerchiefs 
and other fabrics. With regard to hemp, besides the yarn employed 
for weaving into sacking and other coarse the term yarn is 
applied in rope-making in a different sense., The yarn in this case 
is a loose kind of string or cord, and it receives a No. according to 
the number of such strings required in making ropes three inches in 
circumference ; thus, Nos. 18, 20, or 25 imply such thicknesses of 
yarn that 18, 20, or 25 of them are required in making a rope of the 
dimensions just stated. Si/k-yarn has names applied to it not known 
in the examples just given. e silk is imported as a fine filament, or 
in the state of raw silk; it is twisted as a means of giving it greater 
firmness of texture, and then obtains the name of singles ; two fila- 
ments are twisted together rather loosely, and formed into a yarn 
called tram, which commonly forms the weft or cross-threads of manu- 
factured goods ; lastly, two or more filaments are twisted separately into 
hard singles, and then twisted together in an opposite direction, forming 
a strong silken yarn called organzne, used generally for warp. Silk- 
yarn in the form of tram or organzine, that is, ready for the weaver, is 
called thrown silk. Yarn made from wool is called woollen or worsted, 
according as it is formed from short or from long wool, from clothing 
or from combing wool. The former of these is so spun that the 
elementary fibres shall be in a fit state for felting or fulling; while the 
latter has the filaments ranged more nearly parallel. The worsted 
yarns are further divided into the coarse and the fine, according as 
they are to be used for hosiery or for such gvods as mousseline-de- 
laines, fine merinoes, &c. 

Thread is a stronger kind of yarn. Whether-or not it is com 
of a greater number of filaments, it is twisted more closely, and a 
harder and smoother surface. Most of it is used in needlework, as 
sewing-thread ; but some is employed in net and lace making, and in 
other ways, though seldom in actual weaving. The manufacture of 
thread was first attempted in this country by Mrs, Millar, of Balgarran, 
in 1722, on haying received some information and machinery from 
Holland, Her example was speedily followed by several families in 
Paisley, where the manufacture soon became of considerable impor- 
tance. The first manufacturers imitated the kind called Nuns’ or 
ounce thread, which was made up in hanks of forty threads each, 
reeled upon reels a yard in circumference; but when the profits of the 
manufacture were diminished by competition, it was injured by the 
surreptitious practices of some of the manufacturers. It was even 
deemed necessary, in 1788, to pass an act of parliament requiring all 
manufacturers of thread to use uniform | reels of thirty-six 
inches in circumference, and to put thirty threads or rounds of the 
reel in each hank. 

The manufacture of thread from fibres of cotton-wool, for sewing 
and other purposes, is one of the yeey. important departments of 
British industry called into exercise by the improvements effected by 
Arkwright and his successors in spinning-machinery. The operation 
of combining yarns of cotton or linen into thread is performed by a 
machine called a doubling and twisting frame, somewhat resembling 
the throstle of the cotton-spinner, Along the centre of the machine is 
an elevated creel or frame-work, which supports two parallel rows of 
cops or bobbins of yarn. The cops are placed vertically, or nearly so, 
and the lower ends of their axes rest in oiled steps or hollows, while 
the upper ends are supported by wire eyes, so that they may revolve 
with facility. The number of cops is twice as great as that of the 
twisting spindles when the thread is to consist of two yarns, three 
times as ‘great for thread formed of three yarns, &c. The yarn with 
which — are charged is frequently gassed, or passed quickly ead 
a series of gas flames, to singe off any loose downy fibres. From the 
cops the yarns are conducted over horizontal glass rods, which are fixed 
parallel with the creel, and thence downwards into troughs filled with 
water or very thin starch-paste. To ensure the equal moistening of 
the yarns they are, while being drawn through the troughs, made to 
pass either under a glass rod, or through eyes. After being wetted the 
yarns over the rounded edge of the trough, which is covered with 
asnel te the purpose of absorbing the superfluous moisture ; and 
thence under and partly around an iron roller, which is made to 
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revolve with any required velocity by a train of wheel-work, Upon 
this roller rests another, of box-wood, which revolves solely by contact 


in vertical slots. In under 


with the iron roller, its axis pla; 
the wooden roller, and over 


the iron roller, then between it 


the latter, the yarns required to form the thread are brought together and 
slightly compressed ; spew, dan ol sag pial more intimate 
union, they are not yet twisted together. the annexed aa 

mts the united which are to form the thread, bisa 


are conducted to the flyer ¢, which is 
long vertical spindle set in motion 


a 
by a whorl or and strap at d. ¢ is the bobbin upon which the 
finished shoved ta Seed by the revolution of the flyer, which also 
gives to it any predetermined degree of twist. The spindle passes 


a 


freely through a hole in the centre of this bobbin, which rests upon a 
bar called the copping-rail, the transverse section of which is indicated 
by a tint in the cut; and the co ing-rail, which extends the whole 
width of the machine, is su cake oi tehertele ber seriedl Sha cas Gf 
which is shown at f. To these rods, and consequently to the copping- 
rail and bobbins supported by them, a reciprocating vertical motion is 
imparted through the connecti eces g and h, from the bent lever 
ii, whichis pivoted at k, and receives its motion through the adjustable 
friction-roller J, from an eccentric or heart wheel m. Thus by the 


combined rotatory motion of the Ya and flyer, and the rising and | years. 


falling motion of the bobbin, the is at once twisted and wound 
regularly upon the bobbins, which may be easily removed when full. 
By changes in the relative sizes of some of the toothed wheels by 
which the moving-power is distributed from the main shaft, the 
spindles, which always revolye much faster than the rollers, may be 
made to do so to any required degree, so as to impart a greater or less 
a of twist to the thread. 
ese few illustrations will suffice to show the nature of the twist- 
processes, aided by details given in such articlesas Corton ; Linen; 
Stix ; Srryxiyc ; and Woot.ens. We may, however, mention that the 
polishing of sewi coed 0 pipoee on which its saleable quality 
much depends. Mr. Adam, of Paisley, polishes se thread by pass- 
ing it through a dressing corepoesine over a guide roller, through the 
teeth of a reed, over a metal drum, under a brush roller, again through 
a reed, and finally under a polishing roller covered with cloth. Mr. 
Brooks, of Derby, has invented a mode of producing a polish on thread, 
which he called glacé ; and the assumption of the name glacé 
thread by Mr. Evans, of Huddersfield, led to litigation between the 
two inventors. The polishing of sewing thread has indeed led to 
more than one to the law. Mr. Ewen patented a process where- 
by he dips a hank of thread into size, squeezes it, it over two 
rollers rapidly revolving, and applies it against a cylinder-brush, which 
removes all asperities. Mr. Likdell, another inventor, used two sets of 
rollers instead of one, and teasles instead of brushes; but in some 
other respects he was considered to have infringed Ewen’s t. 
Other appeals to the law have been made in reference to the of 
thread wound upon areel. A manufacturer of Persian t 
labels on his reels, denoting the quantities to be 100,200, or $00 
yards; whereas the real lengths were less, This was done at the 
request of Manchester firms which had lax notions of honesty, The 
manufacturer refused to continue this system; whereupon a Man- 
chester man pirated his trade-mark, used it for short-measure 
cotton thread obtained elsewhere—thus committing a double fraud. 
The exports of and thread have now reached an enormous 
quantity. In 1860 there were exported :— 


Quantity. Declared Value, 
+ 197,364,047 Ibs,  £9,875,078 
Cotton thread . + « 6,266,724 ,, 740,876 
Linen yarn : ° + $1,152,026 ,, 
Linen thread * «© » 8,280,377 ,, 
Silk, thrown =. * ° 435,212 ,, 
Silk, twistand yarn =. . 456,661 ,, 


Worsted [7B ++ 87,883,058 


529,413 
294,878 


3,843,396 


Total. +» 966,439,005 Ibs, £17,428,790 
THREAD-GILDING. [Goup Lace Mayvractvure.] 


| reduction of the question given to above simple form, w 
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py agp 
is, about the begi of the 16 a i 

books as ade ern alwa; pets Mies ah from full 
definitions ; and it was not ju n to provide the simple case 


name, or to divide the rule for doing it from others. This, however, 

was done by traders in their daily practice, who se the rule of 

sn Oder bane, conkakior ide arithmetic, and call B ihe gel rae 
’ 


an older term, Wise 
supputandi,’ 15: ) begins his de tribus notis 
Gtk iek. Yonah ‘edittanbeateemnl ” in this manner: “ 
omnium regula est que de tribus notis quartum in 
educentibus ab Arithmeticis treditar, Vulgus 

quia hee ceteris Arithmetica 


The immense variety of questions which are to be solved by finding 
a fourth proportional defies all classification ; but they my 
cases 


u 
y 
fey 
3 
SH 
; 
i 
4 
s 

is 


which produce Koreas ith or money Ww! r aoe 
one country which produces m of another, or 
dance tered, aa ke ae The difficulty to beginners 
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be done before what is (or used to be) called the statement 
guertion can he made_—samselys tue Wrraae A the numbers a, 
the proper order, with the marks of ¥; 


> 
< 
2 
L 


It is proper enough to say that this is a question of proportion when 


numbers only are considered, but absurd te On ae 
by the num are used instead of the numbers. us, if 6 pence 


buy 10 7 pence will buy 14 apples, and the number 5 is to 
10 is to 14, of Bris the same fraction vf 7 a8 10 is of 14. 
absurd to say that 5 pence bear the same proportion to 


- —e ee 


ote gg Pe» 
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7 pence bear to 14 apples: simply because 5 pence are not any - 
able fraction of 10 there is a relation is true; but that 
relation is not Thus, it is not absurd to say, in the 
common the rule, As 5 pence are to 10 apples, so are 
7 pence to 1 ; for the first does stand to the second in the 
same relation as third to the fourth: 5 pence must, at all rates, do 
-as much towards the purchase of 10 apples as 7 pence towards that of 
i4 re With this un ing, there is no objection to the common 


derstanding, 
statement,and the f of the rule is as follows :—If A of the 
soctnily Getel, 0b thie faman date of produetibn, 1 Ol 
the first must produce ~ of the second; whence c of the first must 

produce ¢x °; or of the second. 
importance of the rule of three induced arithmeticians to 
two other rules to it: the inverse rule of three (called by 
Baker, &c., the backer rule); and the double rule of three. 
ee ae school, ‘apparently by an abbreviation 
us 
and more requires less ;” meaning that the greater the 
asi tains bee, the less will be the answer, and vice versé. 
that 107, has been lent me for 3 months, and I want to 
a given sum (other than 10/.) in return: 
less the time for which I ought to lend 
5l., then 3 months is to the time required, not as 
ratio, as 15 to 10, or 15: 10: : 8: 3x 10+16, 


in the class of questions which 
under it) is applied where time is an 
which the question supposes, For example: 
known that a men can pave B square feet in c days, it 
how many men can pave } square feet in ¢ or how 
feet Z men paye in c days, or how many days will it 
square feet. If we write down the data and 
in the following order—force employed—effect 
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according as a, b, or ¢, is to be found, the 
working is a3 follows :— ie 
ape abo 


oe 
a= pe?” ~ io?” = Ge’ 


© ‘ihe proof is aa follows:—One man in ¢ daya could pave ~ square 


the rule of three (or the a fourth q which, 
which three others, shall constitute a ) is to be ed in all 
ere we eve ey Be Sour That such 
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principle of action. A rapid motion is given to a hollow cylinder 
round a horizontal axis; on the outer surface there are projecting ribs 
parallel to the axis at equal distances from each other; the width of 
these is from two to six inches. Around half the cylinder is a case, 
the inner surface of which is lined with plates of cast-iron grooved in 
the direction of the axis. The ribs or beaters come quite close to these 
grooves,so that an ear of wheat or other corn cannot well pass between 
them without being flattened. The sheaves of corn, having been 
untied, are spread on a slanting table, and in some machines are drawn 
in between two iron rollers, of which one is plain and the other fluted. 
The motion of these rollers is slow, while that of the cylinder or drum 
is rapid. The beaters act on the straw as it comes through, and beat 
out most of the corn; but what remains is carried in between the 
beaters and the fluted case, and when it has made half a revolution all 
the grain has been beaten and rubbed out. It falls on a shaker which 
lets the grain through, but tosses off the straw. Moveable threshing- 
machines are very generally in use in England. The price of threshing 
in this way is about half of what is usually paid for threshing with the 
flail; it is more rapidly done, there is less chance of pilfering, and 
fewer grains remain in the straw. 

On very large farms it has been found economical to erect a steam- 
engine to work the threshing-machine, chaff-cutter, and other domestic 
implements, But travelling machines thresh out much the largest 
quantity of the corn that is grown in England. The moveable steam- 
engines which are used for working such machines are now made in 
immense numbers, and no doubt 15,000 to 20,000 horse-power is thus 
every added to the forces used in agriculture. 

THROMBUS is a tumour formed by blood effused from a vein after 
bleeding, and coagulated in the adjacent cellular tissue. It is a kind 
of intense ecchymosis or bruise, and usually arises from the puncture 
in the vein not having been made exactly opposite that in the skin, so 
that some of the blood, instead of flowing out, is infiltrated between 
the vein and the surface. It is rarély of sufficient importance to 
require treatment, and is usually removed like the effused blood 
of an bruise. Sometimes, however, inflammation ensues 
around the tumour, which should be treated by leeches and cold; 
or, if it proceed to suppuration, should be managed like a common 


abscess. 

THRUSH or APHTH® is a disease to which young children 
are particularly liable, It is @ disease of the mucous membrane of 
the mouth and fauces, and manifests itself in the form of small 

5 tings, conical or hemispherical elevations. These some- 
times increase in size, and become large spots, which are 
covered with a membrane of milk or pearl-white colour passing 
into a gray or yellowish colour, This membranous matter is of a 
more or soft consistence, aid varies. in thickness. It is at first 
firmly adherent to the mucous membrane, but eventually peels off, 
the mucous membrane uninjured. These spots are found on 
the inner edge of the lips, on the cheek, the gums and the palate; on 
the upper and lower surface of the tongue, in the throat, and in the 

down to the stomach. 

ng this membranous secretion under the microscope, it is 
found to consist of epithelial cells, a certain amount of exuded matter, 
and of the filaments and spores of a fungus known by the name of 
Oidium albicans. [Extopnyta’; Otc, in Nat. Hist. Div.) — 

The filaments of the fungus are cylindrical, elongated, straight, or 
curved and tubular. The interior of the tube is transparent. In the 
midst of these ents are found minute bodies composed of two to 
four oval cells. These are the i spores from which originate 
the true spores; which lie ther frequently in masses and vary in 
number acco! to the age of the fungus. 

There is no doubt that thrush entirely depends on the presence of 
It appears, however, that certain states of the system 
invite their attacks. When children are weakly or have been subject 

a ent of the bowels from any cause, the fungus appears to 
find a fit nidus for its development. In some cases the irritation pro- 
duced by the fungus engenders inflammation which ends in ulceration, 
and this may spread and even produce destructive effects. 

Old people as well as children are subject to attacks of the same 
fungus when thé conditions are t which invite their attacks. 
Such being the nature of thrush, it is very clear that it is not critical 
of any general state of the 

Thrush is often confounded with various affections of the mouth, 
such as idiopathic inflammation with ulceration, accumulation of 

della, the fur of the tongue, and the remains of food 


presence of the filaments and fungus. 

In the treatment, the object should be to destroy the fungus by 
external rie | and to rectify the diseased condition of the child. 
A dilute solution of nitrate of silver painted over the aphthous spots 
has been found useful as an external application, Acidity of the 
stomach and bowels may be corrected by the carbonates of potash, 
magnesia, or soda. The preparations of iron with cod-liver oil are 
amongst the best remedies for the constitutional state in which thrush 
occurs, 

(Ktichemeister On Animal and Vegetable Parasites, translated by 
Dr, Lankester.) 


THUG (from Hindustanee /hagna, to deceive) means a deceiver, 


} 


_ 
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and is the jal appel 
origin nothing can said with any d of certainty. The Thugs 
themselves refer it to the remotest antiquity, and there is no doubt 
that the ceremonies with which they carry on their murderous trade 
can be traced as far back as the Kalika Purina, where we find them 
described with the utmost . ‘Their gangs, consisting of from 
ten to two or three hundred men of all races, castes, sects, and religions, 
yet all joining in the worship of KaAli, moved about all parts of India, 
sacrificing to their tutelary goddess victim that they could seize, 
_ and sharing the plunder among themselves. Still they shed no blood, 
except when forced by circumstances; murder being their religion, the 
formance of its duties required secrecy, and the instrument of 
eath was a rope or a handkerchief, which could excite no suspicion. 
They were Every gang had its leader, the Jemadar or 
Sirdar ; its teacher, the Guru, whose duty it was to initiate the novice 
into the secret of using the roomal, or handkerchief. Then came the 
Bhuttotes, that is, stranglers; and the Sothas, or entrappers; and at 
last the , or gravedi In a country like India, the 
striking character of whose inhabitants is an almost incredible apathy, 
it was for them to commit the most outrageous murders without 
exciting the interest of the victim's relations, The immense jungles 
which border the roads afforded the Lughaees every facility for effec- 
tually concealing the bodies; and the prevailing custom of travelling 
in parties prevented the designs of the Sotha from being suspected, 
whenever he succeeded in offering the protection of his Jemadar to 
travellers whom their wealth induced him to entrap. The Thugs 
generally d the app of merchants, which increased the 
confidence of their victims, whom they despatched with the 

celerity whenever they found a convenient place. Whilst the Bhuttotes 
themselves in a manner to effect their purpose with facility, 

the Lughaees dug the hole; and at a given signal the noose was 
round the neck of the traveller, and, being taken unawares, he was 
strangled without being able to make any resistance. He was then 
thrown into the hole, and large incisions were made in the abdomen to 
prevent the corpse from swelling, and the whole was covered over with 
a layer of dry sand, another of thorns and bushes, and over all was 
thrown the earth which had been dug out, which they smoothed down 
so as not to attract the notice of travellers. After every murder they 
offered a sacrifice to KAli, which they called Tapounee. It was performed 
in the following manner :—A large sheet was spread over the cleanest 
spot they could select, and on this;was cast a pile consisting of one rupee 
and four anas’ worth of coarse sugar; near this they placed the conse- 
crated pickaxe (an instrument sacred to Siva and Bhivani), and a piece 
of silver as a rapa darsana, or silver offering. The leader then sat 
down on the sheet, and the best stranglers placed themselves on each 
side of him with their faces to the west. ‘They then distributed the 
sugar and ate it in solemn silence. But for this, as well as other cere- 
monies, we must refer to the works of Colonel Sleeman and Captain 
one as to an article in the 130th number of the ‘Edinburgh 

view.’ 

We have already observed that Thugs were found exercising their 
fearful trade in all parts of India. In the Deccan they were called 
Phansigars (from Sanskrit pdsa, a noose) or noosers, and on them we 
have a very interesting paper in the 13th volume of the ‘ Asiatic 
Researches.’ Their customs are the same as those of the northern 
Thugs; but, having fewer Mohammedans among them, they are more 
strict observers of the duties which their religion imposes; they kill 
neither women, nor old men, nor any of the subjects which the Rilika 
Purina (in the ‘ Rudhira Ady4ya’) declares to be unfit for a sacrifice to 
Devi. In the same volume of the ‘ Asiatic Researches’ there is another 
article on them, by Mr. Shakespear : both were written in 1816. - 

The origin of this atrocious worship is undoubtedly Hindu. The 
Thugs maintain that their occupation is represented in the caves of 
Ellora, as well as all other trades. Moreover, the terms they use are 
chiefly of Sanskrit origin ; and the worship of KAli, as described in the 
Kalika Purina, corresponds so well to the religious ceremonies of the 
Thugs, that there can be little doubt as to their identity. (‘ Asiatic 
Researches,’ vol. v.) All the ceremonies of the Thugs are fixed by 
Parfina, the date of which it is difficult to ascertain; but uent 
allusions are made to it in the Vira Charita, a drama of Bhivabhiti, 
who lived at the court of King Bhoja in the beginning of the 8th 
century of our era. 

Thévenot, in his ‘Travels’ (part iii., ch. 22), is the first to notice 
the Thugs: he describes them as infesting the road from to 
Delhi, and using a long rope furnished with a noose, which they throw 
with great dexterity round the traveller's neck; and he relates that 
their Sothas were frequently women, About ten years after Thévenot, 
Dr. Fryer found them at Surat, where a gang of them were executed. 
He describes them as Thévenot does; and it appears from the deserip- 
tion that they belonged to the Mooltancas, a peculiar class of 
Mohammedan 


u 

the whole of the ceremonial is Hindu, the Thugs them- 
selves, whether Hindu or Mohammedan, maintain that they descend 
from seven Mohammedan clans, Thugs, Bhys, Bursote, Kachunee, 
Huttar, Ganoo, and Thundee (‘ Ramaseeana,’ p. 11); the seven clans 
are admitted to be the most ancient and the original stock on which all 
the others have been engrafted. This circumstance may lead us to 
suspect that Mohammedans were indeed the first to give a sort of 


tion of secret murderers in India. Of their 


political system to the Thugs; and the seven clans of Ismailis, whose 
occupation was murder as dreadful as that of the Thugs, may, when 
persecuted in the last days of their political existence, have joined 


themselves to the Hindu Phinsigars, and, adopting their ritual, have 
given rise to their present institution. This point is inv with 
much ingenuity in an article on the ‘Secret Societies of ’ in the 
49th vol. of ‘ Blackwood’s Magazine.’ Shah Jehan and A 

bis epee them. After this we again 
jose 


Pig asghs 


favourite residence ; for suppress them, in the of 
Tippoo Sultan, many of them were and sentenced to 
labour, and others snffered mutilation. Tt was in M: also that the 


English government first discovered them soon after 1799; but it was 
not before 1810 that any measures were taken for their extermination ; 
and a plan for their suppression, which was successful, was adopted in 
1830 by the then governor-general, Lord William Bentinck. . 
(Ramaseeana, or Vocabulary of the Peculiar used by the 
Thugs, Calcutta, 1836: this work is written Sleeman; he 
‘essions of a Thug, by Captain Meadows, 1840, London.) 
THUJONE. A hydrocarbon luced by the action of iodine upon 
e essential oil of Arbor Vite (Zhuja occidentalis). 3 
THUNDER is an osion accompanied by a loud noise, which is 
heard after a discharge of lightning from the clouds. The character of 
the noise is variable : it sometimes resembles that which is produced 
when a single piece of ordnance is fired; at other times it is a rolling 
sound like the successive di of several great guns; and occa- 
see 2 ae een to a series of sharp reports from a fire of 
musketry. 
The identity of lightning with the electric fluid is now well known 
[Licutntc], but the physical cause of the detonation which accom- 
panies the flash is still the subject of conjecture; in it is con- 
sidered that lightning, by its heat, creates a vacuum in the 
atmosphere, and that the sudden rushing of air into the void space 
produces the sound; but various reasons have been assigned for its 
prolongation. It was formerly supposed that the rolling noise is 
merely the result of several echoes caused by the sound being reflected 
from mountains, woods, buildings, or clouds, or from the latter alone 
when a thunder-storm takes place over the ocean: this opinion seems 
to have been founded upon the fact that the report of a fire-arm dis- 
charged in a mountainous tract is poker by the echoes during at 
least half a minute, which is about the time that the rolling of thunder 
continues. But though the reflections of sound are, very probably, in 
part, or at times, the causes of the B sives poor of the report r 
from the explosion, yet it must be itted that these will not always 
afford a explanation of the phenomena, It may 
for example, that, when the sky is uniformly covered with clouds, a 
flash of lightning will dart from the zenith, and, after a few seconds, 
the crash of thunder will take place accompanied by a rolling sound ; 
soon, a second flash may pierce the clouds in the zenith and thunder 
may follow, but now the crash, though loud, may not be prolonged, 
It is justly observed by M, Arago that this is very different from the 
henomena of echoes; and the ex, ion which was first proposed 
Dr. Hooke NS grcaneyes Works,’ 1705) is perhaps that which 
the highest degree of probability. The flashes of lightning, 
. Hooke observes, are either simple or multiple: the first occupies 
but one small portion of space, and gives rise to an instantaneous re- 
port; the multiple flash takes place at different parts of one long line : 
if these parts should be situated in a circular are, and the observer 
should be in its centre, all the reports would arrive at his ear at the 
same time, and still one loud crash only would be heard; but if the 
parts were nearly in a straight line, and the observer were at one of its 
extremities, the reports, whether they take at the same instant 
or in succession, would arrive at his ear at di it times, di 
wholly or on the distances. It may be considered re 
that the rolling arises from the circumstance that the points of ex- 
plosion are at different distances from the observer ; and it will follow 
that the duration of the noise is equal to the time in which sound 
travels Lay wt interval equal to the difference between the lengths 
of two lines drawn from the observer to the two extremities of the 
flash, . The flash of lightning and the report of the thunder take place 
in reality at the same moment; but sincé sound travels at the rate of 
1100 feet per second, while the passage of light from the cloud to the 
observer may be considered as instantaneous, it follows that, on count- 
ing the number of seconds which elapse between the time of seei 
the flash and hearing the report, the distance of the thunder-clou 
from the observer may be ascertained if 1100 feet be multiplied by 
that number of seconds, : 
An opinion prevails that thunder has been heard when the sky was 
without a cloud, but the fact can scarcely be said to be satisfactorily 
established ; for the sounds which, in countries subject to earthquakes, 
have been supposed to be thunder, proceed from under the ground, 
and may result from a different cause. Volney however relates that, 
being one day at Pontchartrain near Versailles, when no cloud was 
visible, he heard distinctly four or five claps of thunder; he adds, that 
about an hour afterwards the sky became overcast, and a violent hail- 
storm followed. On this relation M, observes, that the sounds 
could not have been heard if they had come from clouds at a greater 
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, that distance, must have been visible, unless it be sup- 
they were not tore than afew yards above the ground ; 
hail which followed the spent must pe ees fom 

clouds having great elevation, though at the time the claps were 
they were 00 remote to allow an sound from them to reach the ear ; 
and therefore he concludes that sounds must have been produced 

in the air itself. 

From the meteorological observations made by Dr. Scoresby, and 
Phipps, Parry, and Ross, it appears that neither thunder nor 
Woeire ir eaien to Laks place Layout the 75th degree of north lati- 
; even so low as the 70th degree those phenomena are very rare : 
in the tables of Captain Parry the occurrence of thunder and 
ing is mentioned but once between June, 1821, and September, 
in Franklin also, in 674° N. lat., heard thunder on one 


1 
betw , 1825, and August, 1826. 
 RaURSDAY. Wark.) ant 


THYMENE (C,,H,,). A hydrocarbon isomeric with oil of turpen- 
aero the constituents of the essential oil of thyme. 

E. An organic base found in the thymus gland of the calf 
(sweetbread). It crystallises in needles, and also forms ine 
Its composition has “ki been determined. 
YMOLE. 

0, HO). Hydrate of thymyl. The oxidised por- 
soit of avons, forming about oue half of that essence. 
in oblique rhomboidal prisms, which are nearly insoluble 
in water, but very soluble in alcohol and in ether. Under the in- 
fluence of oxidising Pa male tp watthpes arco 
thymébil (C,,H,,.0,), which is homologous with quinone, 
THYMYLSOLPHURIC ACID (C,,H,,0, HO, 8,0,). An unim- 
portant acid, obtained by the action of concentrated sulphuric acid 


L-SULPHUROUS ACID. Synonymous with Sulphocymolic 


the term tiara is applied to the head-dress of the 
which is worn on solemn occasions, and consists of a triple 
peculiar form of the papal tiara has led some archmologists 
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according 
and the mode of construction adopted in them. 
natural floating harbour is one wherein there is at all times of the 
sufficient of water to maintain a vessel afloat; a natural 
te a ret ere eee Oe low tides, andl in 
the vessels are ob “to beach,” or “to take the und,” 
left temporarily high and dry. Artificial Pectioucs 
one, or both, of these conditions ; but as they are 
positions where the na ion is sufficiently active 
for the commerce on in them, it is 


are basins, and 

i high tide by level of prot water is constantly 

at that of the high ti means gates, or pontoons, 

Graving docks, 4 aga scouring sluices, warehouses, and other 
appliances are ed in such cases according to the local 

conditions of the situation, to the nature of the trade, or to fiscal 

in which the harbours may be situated. 

i under Docks ; and they 

all import harbours, whether tidal, or 

outer harbour be wet or dry. 

of the southern counties of England, 

vo py Rage the Race of Portland and Selsea Point, the harbours 

all be tidal, and dry at low water, unless they should be placed 

at the mouths of rivers, or at the head of deep inlets from the sea, 


leagues; and if the clouds had been at, or a little | 


Milford Haven and Plymouth are instances of this favourable natural 
configuration, and there is little necessity for the formation of closed 
docks in either of them. Southampton and Portsmouth present very 
great advantages also, and they are almost entirely devoid of the 
inconveniences usually attached to tidal harbours, for vessels can lie in 
the inclosed entrances to the floating basins of either of those ports 
without “‘ touching,” unless when their burden is very great indeed. 
Tn the case of ordinary tidal harbours, it therefore follows that, unless 
there should exist near them a good sheltered roadstead, vessels cannot 
safely “make” them, unless at high water; nor can they ever become 
really “ harbours of refuge,” which should be accessible at all times of 
the tide. Havre and Liverpool are instances of tidal harbours pre- 
senting tolerably favourable conditions of access in consequence of the 
existence of roadsteads. Cherbourg is an instance of a tidal harbour 
rendered safe by the creation of an artificial roadstead ; for though the 
military port of Cherbourg has a sufficient depth of water to allow the 

vessels to enter at any time of the tide, yet the commercial 
port is left high and dry twice a day. Ramsgate, Dieppe, and the little 
harbour of refuge (so called) at Port en Bessin are instances of the true 
tidal harbours, with all their characteristics and all their inconveniences. 
They can only be entered at high tide; their jetties are so much 
exposed, that if a vessel should happen to miss the entrance she 
would almost infallibly be wrecked ; and they are all liable to be silted 
up by the alluvial matters carried forward by the flood-tides on their 
shores. (Tran WATERS AND CURRENTS. ] 

Under Prers, the modes of constructing and the principles of 
designing the walls which inclose the spaces intended to form harbours 
have been already discussed ; and it may, under these circumstances, 
suffice to say that the area to be inclosed in a tidal harbour designed 
to receive ordinary coasting vessels should not be less than six acres of 
water surface ; and that the area should increase from this minimum 
dimension in proportion to the depth of water and to the activity of 
the commercial relations of the locality. In the case of tidal harbours 
of refuge, the area must be proportioned to the number of vessels 
likely to resort to them. Thus the tidal harbour of Southampton 
Docks, in which there is 18 feet of water at low tides, has an area of 
16 acres; the area of the tidal basin of the new port of St. Nazaire, at 
the mouth of the Loire, is about 22) acres; that of the tidal harbour 
of Port en Bessin, is about 27 acres; that of the outer harbour of 
Ramsgate is about 304 acres. Even in dry tidal harbours it is 
desirable that the extremities of the jetties should be carried out into 
6 feet water at low neap tides; for the minimum depth of water at the 
entrance should never be less than 18 or 20 feet. 

It may, perhaps, be advisable to state that tidal harbours whose 
entrances are exposed to be swept by a flood current should, 
generally speaking, have the jetty against which the flood strikes 
carried beyond the jetty on the opposite’side ; whereas in deep-water 
harbours the relative len; of the jetties are regulated by their 
positions with respect to the direction of the prevailing wind. In fact 
the extension of the jetty on the outside of the flood may give rise to 
a local counter-current which would facilitate the entry into the har- 
bour ; and in some res; it may even cause the tide to “ stale,” as 
seamen say, or to remain for a short time at a constant height in the 
inclosed space, in consequence of the resistance offered by the great 
ebb-tide in the offing to the efflux of the small quantity of water in 
the port. The various currents which prevail in the British Channel, 
at the mouth of the Seine, and of the Southampton Water, may be 
referred to as illustrations of these peculiar conditions; and at Havre 
they occur in such a manner as to render the tidal outer harbour of 
nearly as great value as an ordinary floating harbour during two hours 
of each high tide, whilst at the same time they create a strong current 
setting into the tidal harbour during the flood, or precisely at the 
period when vessels are entering. Sometimes, however, these local 
currents give rise to bars or sand-banks, either across the mouth of the 
harbours or on the down side (to the flood) of the main channel, in 
consequence of the interferences they uce with the advance of 
the alluvions carried forward by the flood. Thus, at Dieppe, Boulogne, 


Newhaven, Harwich, Harlingen, &c., bars exist at the mouths of the 

tidal harbours, and they are usually of a very dangerous character, 

although occasionally, as at the last-named harbour in the Zuyder Zee, 

the bars may form natural breakwaters, inclosing shallow and imperfect 
R 
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foadsteads. There are, in fact, very few positions in which tidal har- 
bours are free from inconvenience, arising either from bars or from the 
advance of alluvial matters. The tidal harbour of refuge of Port en 
in, in the department of the Calvados, pr in this r t 
some peculiarities to which it may be desirable to call attention, on 
account of the geological interest, quite as much as on account of the 
lessons in engineering, which they furnish. Port en Begsin is erected on 
a coast entirely open to the north, north-east, and north-west; the most 
dangerous storms blow from the north-east ; and the flood-tide comes in 
from west by north. The jetty on the west side has been built with 
openings, for the avowed object of allowing the flood to sweep through 
the head of the harbour ; and an opening is left in the eastern jetty to 
allow a fresh-water river, which rises from between the clay beds of 
the lower oolitic formations on the shore, fo escape, This river would 
appear to be the continuation of the little river Drome, which loses 
itself about two miles in the interior, there passing between the forma- 
tion known locally as the “argile da Port en Bessin” and the lower 
oolite itself, until it thus escapes om the sea-shore. 

In consequence of the frequent occurrence of bars and banks at the 
mouths of tidal harbours, it ig more than usually necessary that tidal 
signals, lighthouses, and fog-bells should be established upon them, 
and that the navigable channél should be carefully buoyed. These 

tionary details must not, of course, be neglected in floating tidal 
bours, if the latter should present any local peculiarities ; but they 
are usually less necessary than in dry harbours; nor does there exist 
in the former the same necessity for the existence of a soft bottom, of 
mud or of sand, that exists in harbours wherein vessels are likely to 
take the ground. In floating or in ordinary tidal harbours which have 
docks for the reception of large vessels, the entrances to the docks 
must be placed at a position in the outer basin rémoved from the 
agitation of the open sea; and it would appear from the tical 
working of the docks at Havre, Liverpool, &c., that it is preferable to 
make the entrance to the floating dock from an exterior half-tide dock, 
rather than from the outer harbour itself. There is, in fact, @ danger 
of the gates communicating with the outer harbour being occasionall 
forced open by the agitation of the latter ; and af all times the hall. 
tide basins facilitate greatly the manmuvres of a port. In some tidal 
harbours, as at Havre, Dieppe, Ostend, &c., pains are taken to break 
the waves which may be driven. in from the open sea, by the erection 
of timber stockades and inclined floors of masonry; but in the majority 
of cases it is found that the waves become suthoiently stilled by the 
fact of their passing through a narrow passage at the entrance, and 
then widening out into a large sheltered area. 

(Sir J. Rennie, on Harbours ; Sganzin, Cours de Construction ; Minard, 
Travaux Hydrauliques & la Mer ; the Parliamentary Reports on the 
Highland ls, &e,; Smeaton’s Reports ; Life of Delford 5 &e., &e. 
The Report of the Conimission on Tidal Harbours, 1845, may also be 


consulted.) 
_ TIDAL WATERS AND CURRENTS. The partial streams of 
water set in motion by the great tidal waves, which frequently flow in 
irections different from, or even directly opposed to, the ps Rectal of 
bch pees tide waves themselves, are known technically by the name of 
fidal currénts ; and they are of the greatest importance in all nautical, 
or hydraulic, engineering operations, on account of the interference 
they are able to produce in the conditions of access to harbours on the 
or to the embouchures of rivers. These currents are pro- 
duced either by the projection of head-lands, or by the retarding 
influence of the sea-shore upon the advance of a portion of the tide 
wave, and they are therefore subject to so many modifying conditions, 
as to render it more easy to explain their nature by reference to some 
ot the most remarkable currents known to exist, A few illustrations 
of them will therefore be given; but before so doing, it may be desir- 
able to observe that the + oceanic currents, such as the Gulf 
stream, the current through the straits.of Gibraltar and at the head of 
the Mediterranean, &c., have no connection with the class of phenomena 
in question; for their creation and propagation depend upon cosmical 
causes of a very different and of a much more complicated nature than 
those which produce the real tidal currents of the sea shores. 

Now, the great flood tide, following the impulsion it receives from 
the attraction of the sun and the moon, and from the rotation of the 
earth, advances normally from the west towards the east; and in mid- 
ocean the only tidal current is precisely in this uniform direction. On 
approaching the shores of a large island, or of a continent, however, the 
tide striking the advanced headlands is diverted from its course in 
some cases, whilst in others, the great advancing stream may be carried 
in its former direction past the portion of the coast immediately behind 
the headland, and thus only allow the flood tide to exhibit itself by 
derivation from the main stream. On the shores of the Atlantic, for 
instance, the flood wave striking the extremities of Ireland, England, 
and the department of the Finisterre in France, changes its course in a 
remarkable manner. A portion of the flood continues to advance in 
its original direction through the British Channel; a second portion 
runs northwards along the western coast of Ireland and of Scotland, 
giving off in its advance a branch, or subsidiary, current running up 
throtigh the St. George's Channel, and flowing in a rather north-easterly 
direction uiitil it meets a srhialler derived current, flowing through the 
Mull of Cantire, from the N.W. to the 8.E. ; 
Cape Finisterre turtis towards the south, and 


a third portion striking 
runs along the coast of 


the Bay of Biscay. The flood tide running up the 

ge through the straits of Dover, and spreads itself 

Sea, meeting a on of the flood which had passed 
tremity of Scotland, and down the eastern coast of Englan: 
embouchure of the Thames; so that the united tides flow up 
river, sometimes synchronously, sometimes at slight intervals, 
former case, the tide in the is a simple one; in the 
oy ene the peculiarity of a double rise in the level of the water; 
an 


eadlands. , 

Thus, the Bill of Portland projects so much into the line of advaties 
of the flood tide that the latter along in the offing at an eleva- 
tion above the water in-shore, until it reaches the Needles of 


ee fects 
from the W. by S. into the Southampton Water, the other continuing 


and the Cape Antifer ; for the 
first flood tidal current in the bays at the mouths of the Orne and of 
the Seine, derived from the edges of the great flood tide in the 

is maintained for a variable period, by the return of a subsidiary tic 
current deflected by the projection of the cape. At er ae a the 
double tide keeps the water at nearly a constant height for 

of two hours; at Havre if remains in this state for about one hour 
and a quarter; whilst at the mouth ofthe Orne, the flood tide is held 
up for about one hour. The advan’ thus produced to the fiaviga- 
tion of those localities by thése peculiar tidal currents is enormous. 

The tidal current at Havre is, moreover, accompanied ve further 
peculiarity. As was before said, the main flood tide in. the Channel 
runs in the offing with a direction from W. to E. until it strikes 
Antifer ; there it divides, oné portion or tidal current continy to 
flow up the Channel, the other running into the bay of the Seine fr 
E. to W., until it strikes the jetty at the entrance to the port, which 
deflects it a little, and causes the bulk of the current to run on until 
it meets the Cape da Hoc. A portion of the flood is there deflected, 
and turns back towards the mouth of the harbour, with a general S.E. 
by S, direction, A ship making this port at the flood tide, has thus to 
encounter no less than three tidal currents, flowing in different diree- 
tions ; and as all the shores a by these are com of 
rocks consisting of materials easily transportable by the water, there is 
a constant formation of shifting banks at the mouths of the Seine 
taking place at a short distance from the shore. ; 

The effect of tidal currents upon the outline of a coast is ohe of the 
most important forms of their action. For instance, it will be found 
that all the bays exposed to the action of strongly defined floods open 
towards their line of advance; and it also getiecstiy is the case that the 
most violent storms blow in the same direction, that is to say, in the 
direction of the flood tide. In fact, the water is driven with the most 
violence upon the shores by the flood tides; and they are the a 
agents in removing and ppp the materials detached from 

e shores. In all works for coast defences it is important, therefore, 
to ealoulate all the existing, and the probable future, e of the 
tidal currents, observing always that they may depend in many cases 
of modifications of the outline of the coast lying far away from the 
locality considered, The advance of the flood tide on the easteim shore 
of England from the north to south is, for instance, an effect of the 
same circumstances which éause the flood tide on the west cost of 
Ireland, and of Scotland, to flow from south to north; and in the 
British Channel from west to east. The direction of the bars at the 
mouths of rivers pouring into seas exposed to be crossed by tidal 
currents, it may be added, follow as a general rule the directioti of a 
resultant between the lines of flow of the ebb from the river, and of 
the advaneing flood. 

The greatest amount of théoretical information on the subject of 
the laws of ig ee tidal currents, is to be found int 
Venturoli, ‘ Sur la communication latérale du mouvement dans l'eau ;’ 
in Brémontier and Emimy, ‘Sur les Ondes;’ in Sganzin and Minard, 
‘Cours de Construction ;’ in the ‘ Nautical Magazine ;’ in Lubbock, 
Whewell, Airy, &c., ‘On Tides, in the ‘ Philosophical Transactions ; 
in Rennel’s ‘Investigation of Currents ;' Young ‘ On Tides,’ in ‘ Bn- 
orclopadis Britannica,’ &e., &e. 

TIDE MILL, A mill driven by the water which is affected by the 
rise and fall of the tides is called a tide mill; whether the wheel be 
affixed to a building on the land, or to a vessel floating in the river, 
In the former case the water sometimes acts upon an w wheel 
in escaping from 4 reservoir, which has been filled during the flood 
tide; but the working of the mill in this case can only take place when 
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there is a sufficient difference of level above, and below, the wheel, to ledges formed at their upper edges ; do not require so great an 
produce the necessary head, and the sluices must be arranged in such | over-lap as plane-tiles. Tiles of a rie ste form, laid in mortar, 
@ manner as to the dynamical effort exercised upon the wheel are for covering ridges if the convex side be uppermost, and for 
during the = ne i ag which is usually about four hours in covering gutters if the concave, 

each ebb, Atother times, the motion is given by aspecies of horizontal Paving-tiles are usually Square, and of greater thickness than those 
reaction wheel, made to revolve horizontally by the advancing or receding for roofing. Drain-tiles ‘are commonly made in the form of an arch, 


The ti = fee sf" ye Boag since that period (about 

wheels working in unlimited water ; is to say, stream alone | twenty years ago) the use of such tiles, principally for pavements, 

acts upon the wheel by its horizontal velocity, without being in any | has extended largely. Pressure is brought to bear in their making, 

way confined or directed by a race or channel. These wheels rarely thereby rendering them much harder and less porous than ordinary 
f ‘A Fs : 


: : ; uf cla ij 

floats are Ere ar 3 the width of the face of these wheels varies be- thickness of about one inch. ‘The mould not only gives the form, but 
18 In tidal rivers, where the current alternates in | also produces depressions about a quarter of an inch deep, marking 

are placed upon the radii of the wheel; though | out the device. Heavy pressure is employed to harden the clay, 
the wheels working in unlimited water, flowing in one direction, are | and to give sharpness to the device. The yellow clay to fill up the 
found to produce a greater useful effect when they are made with floats depressions is mixed to the consistence of honey, and is appli chiefly 
i flow. Boat mills of this description, it may be | by means of a kind of trowel. The clays are selected with much eare, 


is irregular, and | a long time to dry in the open air, before being baked. The surface 
effect may be represented | is well seraped and cleaned before firing. The tiles are either left 
the effective power trans- dead, or are glazed in the same manner as pottery and earthenware, 
3 8 = the sectional area of the float ; v= | If more than two colours are exhibited, the process is necessarily more 
The working effect of the other deserip- | complicated. To form a pavement, the tiles are usually imbedded in 
is to be calculated upon the ordinary principles eement, and are roughened or in some way hollowed on the under 
that class of machinery, when the head of water and the d, 
are known, [Water Wuext.} Many other modes have been partially adopted for the production of 
Aubuisson, Hydraulique ; Fabre, Essai sur la construction | ornamental paving-tiles, Mr. C. Wyatt at onetime made pavements of 
iques; Navier, Architecture Hydraulique ; Bossut, | stone inlaid in coloured cements. Other inventors substituted pieces of 
Recherches expérimentales sur Eau et le Vent, &e. ; Gregory, Treatise on | terra-cotta for the stone. Mr. Blashfield has tried cements coloured 
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ouch larger dimensions than was practicable in clay, and consequently | with the: powder, or by being thrown into the oven while baking. 
effect produced by their parallel joints —— be brought into | These eubes or tesseree produce a pavement of exceeding hardness and 
- harmony with the rest of the b ding. A more expensive and | durability, ; 
: magnificent method of roofing occasionally adopted consisted in the TILLAGE, applied to arable land, is the stirring and preparing of 
use of tiles made of bronze and gilt. Tiles were originally made flat, | the surface of the soil, so as to render it fit for the vegetation of the 
or with + Rae 2 more than the hook or nozzle underneath the | seeds committed to it: its object also is the destruction of noxious 
uy border, which fulfilled the urpose of fixing them upon the | weeds, 
ere eel with a raised border along| The whole art of cultivation consists in tillage and manuring, and 
each sidg, on the upper surface, and the sides of the tile were made to the profit of the husbandman depends on the perfection of the tillage 
conv lower end, in order that the raised sides or | and the economy of labour in producing the effect. A defect in tillage 
a might not prevent the suocessive rows of tiles from overlapping | will cause a great deficiency in the crops in ordinary years. T'o ensure 
other poe 4 The lines of junction between the flat tiles were | good crops, the soil should be in such a state that the rains and dews 


= 


the roof in ornamental | ya Another kind of ancient tiling, men. | for light soils which have been long cultivated and manured ; when 
tioned by Pliny under ne name of pavonaceum, consisted of tiles of a they can be brought to such a state that after continued rains the sur- 


rows, somewhat resembled the fi in the train of a /peacosk, tillage has been good; and the deeper this soil is stirred, the more it 
of | tiles is so similar to that of brick- will produce: but where clay abounds in the soil, which in dry 
[Brick }, that it will be sufficient to observe that only the best qualities | weather can be readily pulverised by crushing the dry clods, and be 


of brick-earth are fit for the purpose. Since the = 1833 no excise-duty | reduced to the finest powder, too much tillage may do more harm than 
has ‘Toofing-tiles used in food. The fine clay is soon converted into mud at the surface by the 
fly of two sorts: namel ; plane-tiles, which are flat, | least rain, because it is not sufficiently porous to let the water through 
of a rectangular form, and usually about 104 inches long, 6 inches wide, | it ; it dries into a hard crust, which effectually precludes the access of 
and 5-8ths of an inch thick; and pan-tiles, which also have a rect- | air, and consequently stops the vegetation of the seed. It is only by 
angular outline, but are bent in such a manner that, when laid on the | abundant manuring with organic matter, especially of animal origin, 
roof, the Part of their surface forms a concave channel for the | that this natural tendency in clays to cohere can be overcome ; and 
descent of water, while one side forms a narrow convex ridge which | until this is effected it is best to stir clay soils as deep as possible by 
overlaps the of the adjoining tile, These are usually 134 or 14} | means of subsoil-ploughs, but they should not be pulverised so that 
inches long about 9 inches wide, measured in a straight line from | the water cannot run down between the lumps and clods, and especi- 
side to les are made with a hole near their Upper | ally the surface should be left in such a state of roughness that 
extremity to receive a wooden peg, by which they are hung upon the | heavy rains cannot cover it with a coat of mud. The clods which are 
laths of the roof, are laid either with or without mortar, in | left on the surface imbibe the moisture more gradually, and in drying 
such @ manner that Successive rows overlap each other about fall to pieces, by which the young plants are invigorated, and, as it 
Ginches, Pan-tiles have no holes, but are hung upon the laths by | were, moulded up. This is particularly the case in winter after a frost, 


” 
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as all clay-land farmers are well aware. It is very easily ascertained A horse, as used in agriculture, costs 5d. or 6d. hour; nae. 
Ghether s soil will bear much tillage or not. It is only engine, under elroussstanots, coste trom ‘844s tata 


to try some of it in a large pot or box; make the surface very fine by 
breaking the clods, then water it abundantly, and let it dry in the sun; 
if a crust is formed in drying, that soil will not bear too much 
harrowing and pepe and should be left in a moderately rough 
state after sowing or drilling the seed; but if, after it dries, the sur- 
face is loose and porous, then the finer the til the better the seed 
will vegetate. e whole depends on the admission of air or 
its exclusion. When grass-seeds are sown, the surface should be well 
pulverised ; but this cannot be safely done if the soil is apt to run 
together when much rain falls soon after the seed is sown. Some 
ts, like beans, will force their way through a very hard surface ; 

at small seeds are too weak to do so, and their growth is entirely 
stopped by the least crust on the surface. Besides the preparatory 
tillage of the soil before sowing the seed, there is a great advantage in 
the stirring of it as the plants are growing. On this depends all the 
merit of the row-culture for every kind of plant, especially those 
which have esculent roots or extensive foliage, and which are chiefly 
cultivated for the sustenance of cattle. The effect of deep tillage is 
here most remarkable. If rows of turnips or cabbages be sown at 
such a distance that a small plough or other stirring implement can 
be used between them, and the intervals be stirred more or less, and 
at different depths, it will be found that the deeper and more uent 
the tillage, until the foliage covers the whole interval or the bulbs 
swell to a great size, the heavier and more abundant the produce 
will be. It was this which led Tull, the father of drill husbandry, to 
the conclusion that tillage was all that the soil required to maintain 
perpetual fertility. As tillage can be increased by mechanical con- 
trivances where labourers are scarce, whereas the supply of manure 
must generally be limited, it follows that, as a gen rule, the land 
should be well and deeply tilled, due attention being paid to the 
nature of the soil and its property of retaining or transmitting 
moisture. Very loose sands should not be much stirred until they 
are consolidated by the admixture of marl, clay, chalk, or well-rotten 
dung; but in all cases the manure should be mixed as intimately 
as ible with the soil, and as deep as the tillage has gone, not 
including the stirring of the subsoil; for the roots will ebb eon 
trate thus far and find the nourishment which they require. ose 
ts which throw out roots from the bottom of the stem, as wheat, 

, and oats, require the surface to be most pulverised and 
enriched to allow these roots to spread, and Mr. Smith of Lois 
Weedon has found that where land is clayey and contains the mineral 
food of plants, sufficient tillage between rows of wheat is all that is 
needed for constant cropping, or taking wheat after wheat annually 
from the same field. Under ordinary culture, however, of this crop a 
ring tillage is highly advantageous, which can only be given when 
tipasied hes been.ds ited in rows by drilling or in patches by 
dibbling.. This last method is found to give much finer crops, from the 
circumstance that the hoe not only loosens the earth between the rows, 
but also between the different patches of the growing corn, by which 
the coronal roots are st ened and the tillering of the stems so 
much encouraged, that it is not uncommon to see twenty, thirty, or 
more stems all bearing fine ears arising from one tuft of plants, 
ae of one or more seeds, whose roots are matted together and 
out fibres in every direction. The crowding of several plants 
does not prevent their growth, provided the fibres can spread around 
ina rich mellow soil, well pulverised, and admitting the air and 
moisture readily. 
The old plough which acts on the peatela of turning up a fresh 
portion of the soil, burying that which has for some time been ut the 
surface, will probably always continue to be the chief implement of 
tillage ; but other implements have been invented, which by means of 
wheels can be regulated so as to act at a greater or less depth. These 
have received the different names of scarifiers, grubbers, or cultivators, 
according to the fancy of the inventors. Many ‘of these answer the 
purpose well, and save labour. They cam be used in all directions so 


as to pulverise the soil to any degree. Heavy rollers are used when 
clods require breaking. [ 
It would be endless to enumerate all the implements of tillage which 


are daily invented: some of the most useful have been already des- 
cribed. [AcricuttunaL Iwecements; AnasLe Lanp; Proven.) It 
is however right that reference should be made to the use of steam- 
power in their employment. 

Tillage by Steam-power.—Steam-power has long been used in driving 
threshing-machines and chaff-cutters, aud other barn machinery, It is 
now coming rapidly into field use for cultivating the fared The 
moveable steam-engine on wheels is the source of power most generally 
adopted, being available for any purpose; and the higher powers of 
this engine, being best adapted for the laborious work of cultivation, 
are being made in increasing numbers. Probably in this way alone 
10,000 horse-power, equal in its effici to at least 25,000 horses 
is being added Sesteally t0 the force employed in agriculture in this, 
country. 

Steam-power is in the. beginning cheaper than that of horses ; it is 
continuous, while that of horses is necessarily intermittent; and it is 
more efficient, because a greater force can be more easily concentrated 
on a given points 


per hour. A horse works in Scotland ten hours a day, in 


~ 


land ; 
time is greatly diminished. But the chief advan 
for cultivation arises from the abili 
Futintdon, poughlagras thls toriog (1601) dans by ies Domes 
on, p ‘was one steam- 

the stiff Oxford clay of that district, which could teas been Asa 
by any quantity of horses, because the power required demanded a team 
which would have trampled the ground into a harder state than that 
out of which any implement drawn after them could have dade and. 
there is ample experience to show that on this ground steam- 
tivation 1s more efficient—resulting in better crops than 
by horse-cultivation. This is bg socwe Say the case 
ly increased 

= "9 them. 
There are two systems in ay 
to the cultivation of the eden the one, which 
by Mr. Smith, of Worlstone, the steam-engine stationed in 
of a field gives motion alternately to one and the other of 
lasses detached from it, round which is coiled a portion of wire- 
rope which is carried from one to the other round the piece of land 
that is being cultivated, and a grubber being fastened to is 
thus dragged backwards and forwards on largest straight of 
the piece that is being worked: the anchors carrying pulleys at the 
ends of the working furrow and at all other corners in the course of 
the rope, are shifted as the extension of the work requires, and the 
grubber tears up or “smashes up” two or three feet in width ata 
time, of the land that is being cultivated. The common 7 or 8-horse 
power moveable steam-engine is well adapted to this work. : 
In Mr. Fowler's system the steam-engine is furnished with a single 
pulley lying horizontally beneath the boiler, and it pulls itself along 

the headland, while a travelling anchorage, namely, a truck on 
dises for wheels, which cut into the land, pulls itself along the other 
headland. This anchor is provided with a similar pulley, anda 
being kept tight by an on 


sets of ploughs or grubbers facing one another; the one 
going from the engine, and the other working when travelling to the 


f a minute on the headland; and the furrow may be 400 yards | 


experience of 
0 generally a 12-horse engine, and, 
with a four-furrow plough, gets over eight or ten acres a day, at a cost 


generally of not more than 5s. or 6s. an acre; whereas by the less 
efficient horse-cultivation, the process must cost at least 1 
an acre, + 

There can be little doubt that the application of steam-power to the 
cultivation of the land will revolutionise agriculture on y soils. 
It will enable the farmer to dispense with probably nearly half his 
draught animals, and it will both cheapen the cost and increase the 
efficiency of all tillage operations, 

TILT-HAMMER, is a large hammer worked by machinery, impelled 
either by a water-wheel or a steam-engine. Such hammers are ex- 
tensively used in the manufacture of iron and steel, and the name filé-. 
mill is sometimes applied to the mechanism of which they form the 
principal feature. e various details given under Hammer; Iron; 
and Sree, will serve to illustrate the chief points in the construction 
and action of tilt-hammers, 

TIMBER, PRESERVATION OF. [Tnmer.] 

TIMBER AND TIMBER-TRADE, It is the purpose of this article 
to treat briefly of several matters relating to timber-trees, wood-working,, 
and the timber-trade, and to refer to such portions of the subject as 
Jhave been noticed in other articles, 4s 

Timber-Trees ; Wood.—The botanical characteristics of timber-trees 
are given under the scientific names of the several trees in the Nat. 
Hist. Dry. The economical uses of my ati a are described in 
the present Division, under Asa, Brercn, , Eva, Frr, Oak, &. 
But the characteristics of timber-trees, and of wood generally, may be 
rapidly glanced at in this place, 

ood is that part of a plant that exists between the pith and the 
bark. Amongst the various kinds of wood yielded by the different 
families, there are differences of character depend the 
mode and rapidity of its growth, the size of the fibres of w! it is 
compoeed, and their relation to the medullary rays which pass through 
them, and also on the character of the secretions deposited in it, 
Endogens have no bark, and are generally hollow in the middle, and 
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their wood does not permit of being worked into many shapes; but 
its cylindrical form affords great facility for constructing a variety of 
utensils, and for application to the simple wants of man in tropical 
climates. stems of Exogens are solid, and the older the tree 
the more solid is wood. Hence a distinction is made 
between the centre of the wood of the trunk and its circumference, 
; called heart-wood, the other sap-wood. Sg one 

the deposition of the peculiar secretion e tree, and is 
u the sap-wood by a distinct line. It is the 
secretion in the heart-wood that renders it darker, harder, and more 
durable than the sap-wood ; and for practical purposes it is of import- 
ance to distinguish between the one and the other. There is much differ- 
ence between the relative sizes of the ultimate woody fibres of which 
wood is composed ; and the durability and tenacity of wood frequently 
on the fineness of its fibres. It is to the secretions deposited 


of wood in relation to heat is a 
the construction of buildings and other pur- 
performed by Delarive and De olle 
to ascertain their power of con- 
ducting 2) sores Beadle tang ep panies ly 
with conducting power. Thus it appeared that the 
of was when the current was 
angles to the woody fibre than when it flowed longitudinally 
{ oe eeeeon eer ee 
in proportion as the wood was a bad conductor of heat. The cooli 
er of these woods is another important point, and this is not at 
relation to their conducting power: thus fir-wood being 100, the 
power of oak-wood is only 30°38, whilst that of beech-wood is 
lucting power, if fir-wood be taken at 100, then 


whereas, in cond L 
83°19, and oak-wood 13410. Another important point 
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gravity of the wood the greater is its 
less than most other ki 
resinous, 
various woods their di 
matter is sometimes 
for dyeing, as seen in log-wood, red sanders-wood, and 
woods used as Some woods have volatile oils deposited in 
which, ly given out, render them odoriferous ; and 
case wi Fae A rose-wood, the wood of cedar, fir, and 
Frequently bitter and other secretions ited i 
it a peculiar taste, and rendering it useful in medicine. 
the quassia, as well as of the sassafras, are examples of 
use. The wood of trees frequently contains in small 
secretions which are deposited in other parts of the 


lf to destructive distillation, it is decomposed, 
Beer rinses catete, aeaotiey of caaresal Taking thaca one 

a certain quantity of charcoal. Taking them one 
ee sljef kind? of Engl timber yield, by the distilla- 
about 7} ozs. of wood , 3} ozs, of charcoal, 


4 
are used by the cabinet-maker for furniture of a 
are called fancy-woods. The use of these has 
general since the Seemann pe aby btey 

; and now that this is done , instead of by hand, 
gad furniture Vmeget cursors which, on 
, could have been formerly used only to a 
most common of the fancy woods, and that 
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ebra-wood is the production of a large tree, and is cheap 
into tables, piano-fortes, &c. It is coloured brown 


uy 


Calamander-wood is a handsome cheap wood, taking a 

and lon. Other woods are called from 
they come from, as Coromandel wood, Amboyna wood, &e, 

wood is sometimes had recourse to for the 
more common woods resemble in colour the 


fancy-woods. A method has been proposed of doing this by introducing 
into the tree during its growth various colouring agents, so that during 
the course of the ascent of the sap the colouring matter may be taken 
up and deposited in the woody tissue. Some of the woods thus treated 
have been made to assume very remarkable colours; but as the trees 
on which it can be practised are too soft ani coarseffor fine work, it is 
not likely that this method will at all supersede the use of the naturally 
beautiful fancy-woods. 

Growing trees are exposed to the attacks of animals and of insects, 
in addition to their own natural causes of decay ; and when they are 
used as timber they are still liable to the attacks of insects and of 
worms of a peculiar description. The mischief done by animals is of 
a comparatively simple and limited description; and may briefly be 
described as consisting in blows and wounds of the trunk, and in the 
violent disruption of the smaller boughs, thus rendering the formation 
of knots more frequent than might otherwise be the case. Birds are 
actually of service in woods, for the carnivorous birds do good by keep- 
ing down insect life. The woodpecker and nuthatch only attack the bark 
of trees when in search of the larve boring in them; rooks and crows 
destroy immense numbers of the larger beetles ; and, in fact, nearly all 
the forest-feeding birds render the same service. Squirrels, bats, and 
other insect-devouring mammalia, play the same part in the economy 
of nature ; so that our attention may almost exclusively be devoted to 
the consideration of the attacks of insects and of the boring worms. 

There are three descriptions of insects which prey upon trees, 
which may be classified according to the parts they especially attack, 
namely, those which attack the leaves, those which attack the bark and 
the alburnum, and those which attack the heart-wood. The leaf-eaters 
are of countless varieties, some of them eating the upper, some the 
under surfaces, and others the substance of the leaves without touching 
the epidermis, Again, there are insects which only attack the flowers, 
some living upon the farina of the flowers, others on the fluids in 
the vessels of the flowers, and others on their leaves; whilst there are 
also other insects which injuriously affect growing timber by giving 
rise to galls or other analogous excrescences. The principal mischief 
caused by this description of insects consists in the interferences they 
produce in the flow of the sap, and in their interferences with the 
respiratory functions of the leaves; but fortunately their ravages are 
apparent, and their enemies are extremely numerous, both in the ani- 
mal and the insect tribes. There are several varieties of the bark- 
feeders ; some of them attacking exclusively the outer bark, some the 
inner bark, and’ some the alburnum. Their ravages, however, in all 
cases are exercised only su cially, so to speak, and they do not affect 
the quality of the timber in any serious manner. These insects may 
kill a tree, but the heart-wood will remain sound, whatever be their 
numbers. Such insects as the Scolytus destructor will, nevertheless, do 
more injury to a forest in a month than all the animals it may shade 
could do in a decade. The Hylesimus fraxini, the Tomicus typographi- 
cus, the Bostrichus pinastri, the Sphinx apiformis, the Curculio abrestis, 
and the Curculio notatus are almost equally mischievous; whilst the 
Lymexylon attacks both the alburnum and the heart-wood. Of the 
heart-wood devourers the most us in our latitudes are the 
Oossus ligniperda, the Cryptorhynchus lapathi, the Lucanide, the Ceram- 

ide, the Sirex gigas, the Sirex duplex,and the Zengera esculens ; and 

of these, the Cossus and Sirex of our own latitudes, and the Prionus 

bs gc and the Callidium giganteum of tropical climates, together 

th the Lemeigien, attack the converted timber after it has been long 
removed from forest. 

Of the boring-worms the only varieties hitherto specially noticed 
are the Teredo navalis and the Limnoria terebrans ; and their ravages 
seem to be the most dangerous when wood is exposed to them in 
decidedly salt water. The Limnoria, however, occasionally attacks 
timber in slightly brackish water, and it would seem that both these 
species of worms have an antipathy to water containing sulphuretted 
hydrogen, or some of the vegetable and mineral acids ; for they do not 
attack timber driven into the sea-shore near the outlets of sewers, and 
they avoid timber which either contains, naturally, considerable pro- 
portions of pyroligneous acid, or has been artificially impregnated with 
creasote, sublimate of mercury, sulphate of copper, &c. The supposed 
immunity of the green-heart timber was long attributed to the exist- 
ence of some such quality in it ; and though it is now known that the 
boring-worms do attack that wood, they certainly do not destroy it 
with anything like the same rapidity that they destroy fir, beech, elm, 
or even oak. Notwithstanding the fearful nature of the ravages caused 
by the boring-worms, the habits of those creatures have not been tho- 
roughly studied ; and it is difficult to trace the conditions which tend 
the most decidedly to their multiplication. It would seem, however, 
that both the species are to be found in the greatest numbers in warm 
latitudes ; that the Zeredo prefers the sea-shores from which it can 
derive the carbonate of lime necessary for its growth; that the Lim- 
novia, on the contrary, prefers the shores upon which the sands are 
charged with the decomposition of silicious rocks; and that the por- 


black | tions of the timber devoured by both these worms occur a little below 


and a little above the lines of high and low water: these worms, in fact, 
require both air and water. The works of Messrs. Forbes and Hanley 
(‘ History of British Mollusca’), Cailliaud (‘ Mémoire sur les Mollusques 
‘orantes’), ‘ L’Instruction sur les bois de Marine,’ published by the 
h Government, and a Report by a Commission of Dutch engineers 
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and naturalists on the boring-worm, published in Amsterdam, 1860, 
should be consulted by all who are interested in the durability of 
hydraulic works, or in shipbuilding. Opinions seem to be divided as 
to the merits of the various schemes pro) for resisting the attacks 
of the worms upon timber. Some engineers recommend exclusively 
the use of copper sheeting, or of copper nails, over the whole exposed 
surfaces ; whilst others recommend exclusively the use of creasote, 
In practice, it is found that the worms frequently make their way into 
timber in the intervals between the nails, and then devour the inner 
portions. Ten years’ experience would also appear to show that 
when the creasote has been thoroughly injected into the heart of a 
piece of timber, the worms will not attack the latter. The injection 
of mineral salts, by Kyan's patent (mercury) or by Margery's patent 
(copper), does pot seem to produce any permanently good effect ; for 
they are all removed in course of time by the action of sea-water 
frequently renewed by the tide, 

The system of injecting creasote seems also to provide an efficient 
protection against the ravages of the white ants, which are so incal- 
culably numerous, and so destructive to timber in tropical latitudes. 
It also adds greatly to the durability of timber in damp confined 
positions ; and resists the tendency of the timber to assume either the 
wet or the dry rot. The two last-named modes of decay are of the 
most serious importance to the solidity of the buildings into whose 
construction timber enters largely. They affect all kinds of timber, 
whether native grown or foreign; and though tolerably well under- 
stood by physiologists, and by practical men, it is too much the case 
that they are unattended to in the application of these materials, 

Dry Ror has already been treated of. The Wet Rot proceeds from 
a chemical action in the wood itself, which may either arise from the 
decomposition of the sap retained in it, or from the d ition of 
the vegetable tissue under the influence of confined moisture: for the 
albuminous parts of the sap, or of the wood, commence a putrefactive 
process directly they meet with the conditions of heat and moisture 
necessary for its development. It is therefore important that all 
timber should be cut at the season of the year when the trees contain 
least sap, and that the timber should be preserved in such positions as 
to allow the sap to pass away, for some considerable time before it is 
used in a building; this precaution is technically called seasoning. It 
is therefore the custom to fell timber during the winter and early 
spring months, because at those seasons the sap circulates with the 
least activity ; or the time of the year for carrying on this description 
of work may be said to range between October and April. In addition 
however to this precaution, and to a careful seasoning, it is essential 
to remove all the alburnum of a tree, if it should be required for use 
in confined situations, for the fluids it retains ferment quite as 
dangerously to the durability of the timber as does the sap itself. The 
architect and the shipbuilder cannot be too icular in excluding 
sappy timber from positions where there would not exist a free cireu- 
lation of air, and where there is any moisture. Sappy wood, moreover, 
is soft,and of a feeble power of resistance. The decomposition which 
takes place in timber affected by druxy, or by dead knots, is of the 
same character as the ordinary wet rot; that is to say, it proceeds 
from a chemical action in the wood. 

A mode of rendering timber less combustible has been described 
under Frre-PpRroorina. 

Working in Wood.—The cutting up of timber into beams and planks is 
described under Saw, Saw-Mut1; and into thin layers under VenrEn- 
1xo. The use of timber in building-work is illustrated in such articles 
as Canrentry, Hovsn, Roor, &c.; and the use of fine woods in 
Canviya and Marquerry. We to a few manufacturing 

not hitherto described : first noticing, however, that Mr. 
Holtzapffel, for practical purposes, classifies woods under eighteen 
groups, according as they are used for ship-building, hydraulic engineer- 
ing, house carpentry, machinery frame-work, rollers, teeth of wheels, 
foundry patterns, common turnery toys, best Tunbridge toys, hard- 
wood turning, common furniture, best furniture, ornamental work, 
elastic work, inelastic work, carving, colour and dye-woods, and scent- 
woods. 

Timber-bending has recently oceupied considerable attention, Various 
plans have been introduced by Meadows, Hookey, and other inventors, 
for this purpose, chiefly by the application of steam and pressure ; 
but the most effective seems to be that of Mr. Blanchard, of Boston. 
He has established a manufactory for bending timber of various 
kinds and sizes, and rendering it applicable for the making of chair- 
backs, gig-shafts, sofa-frames, horse-hames, plough-handles, wheel- 
felloes, arch-pieces, staircase-rails, curved mouldings, ship-timbers, 
&c. Onk-timber 14 feet long and 16 inches square can be bent 
to a curve in one hour, and timber of 9 inches square in twenty 
minutes. A piece 12 feet long, 124 inches wide, and 7 inches thick, 
ean be bent into a perfect and permanent semicircle. A trough is 
prepared, of the proper size and form for the curve; one side of which 
is rendered moveable. There is a lever, turning on a central axis, and 
a travelling table under the lever. ‘The timber, after being steamed 
for some hours, is laid on a flexible band of metal placed on the travel- 
ling table, and is pressed and clamped down firmly to it, One end of 
the timber is next clamped to one end of the curved trough; the other 
end butts against a block, acted on by a screw. The action of the 
lever then drives or forces the timber into the trough; the two ends 
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Si teat nie pep en te te a 
is put in i ; an 
iol bound wa pomcionie of forces, is left till cold. It is now 


found to have acquired a permanent set, without an: — 
pling, or loss of and durability, The timber, in 
of steam ; it is in 


instance, is not put simply into a vessel 
which steam at low pressure passes in a 


into a hot closet, through 
continuous current, 

Labour-saying expedients in the working of wood have been intro- 
duced in recent years nearly in as great variety as in the rOrKiNS oF 
metals, The Americans, on account partly of the ebundant supply 
timber in that country, have been very successful in this direction, 
Mr, Molesworth, in a paper on this subject read before the Institute of 
Civil Snaioeaes ee ee oe ee Aes have now in use no 

ve different groups wood-planing machines, exhibiting 
many varieties. In one group the plane has a reciprocating motion; 
in another there is a fixed cutter; in another a rotatory cutter; in @ 
fourth, the cutter is on a vertical axis; and in the fifth a socket- 


is used. The angle of the cutter is made to vary with the q of 
the woud operated on, the nature of the work, the speed of moye- 
ment, There are also machines for shaping irregular work ; for 

ing, either with circular saws or tenoning-cutters; for or 
carving, by means of rotatory cutters advancing to and receding 

an iron pattern; for dovetailing, by reciprocating chisels or by doye- 
tailing cutters; for making boats’ oars; for making railway keys; and 
for sawing, planing, boring, shaping, and jointing timber in yari 
ways. One ingenious machine shapes the arms and of os 
there are two vertical cutters revolving in opposite di at 17) 
revolutions per minute ; the pattern to which the wood is tempor 


is so pressed against the cutters as to guide the 
cutters revolve in opposite directions, the work may be pressed 
the one or the other, so as to suit the cut to the direction of the grai 
without the trouble of reversing the position, In some districts, 
wooden houses are made in large numbers for emigrants and 
woodsmen, the timber is cut up with great rapidity ; one sew of a 
ticular kind will cut into shape 10,000 shingle boards in a day; another 
will cut 60,000 or 70,000 laths in the same time; while another will 
e them 
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2 
eut tenons with shoulders of almost any pitch; make rebates and 
grooves of various kinds ; box down or sink irregular surfaces in ba | 
a manner that the surface destroyed shall be reproduced at the requi 
depth ; and produce curved or straight beads and mouldi 
making the wood move while the cutting instrument remains sta- 
tionary. Mr. Wilson, of Banbury, has brought into use a curious 
series of machines for making broom and mop-handles, icke 
brush-backs, and railway-pegs. Mr. Dickie, of Glasgow, has a series 
machines for producing irr forms in wood, such as boot- 
shoe-lasts, gun-stocks, and shovel-handles, by a kind of differenti 
action of several cutters. Other morticing, moulding, dovetailing, 
tenoning, planing, jointing, dowelling, rebating, 
machines have been invented in great variety, and introduced in various 
vir ; but they need not be separately described, 

he application of elaborate machines to the production of cheap 
articles is curiously illustrated in the manufacture of fire-wood and of 
matohes. ‘Terry's fire-wood machinery, introduced in 1857, performs 
all the operations of sawing, splitting, cutting, and binding. Rough 


blocks of wood slide down an inclined table; the: igh ay by a 
drum against circular saws; they are sawn into a uniform 
length ; yd pg slide down a shoot to the ing-mill, and fall 
against a series of circular cutters, which cut them into flat slabs; the 


slabs slide down and are split into sticks, which fall into a moveable 
carriage, and are discharged down another shoot; they fall into o 
horizontal channel, where a piston, by the action of a lever and weight, 
presses together enough sticks to form one bundle; the piston drives 
them half through a cireular opening ; wire from a reel is made to pass 
round the middle of the bundle, where it is twisted and cut off; and 
finally, an incoming bundle pushes out the completed one. Thus the 
wood is not touched by hand throughout the operations, In the 
tnaking of splints for congreves or lucifers, the wood is first cut into 
blocks by circular saws; and these are either separated into four- 
sided splints, by a series of lancet-points ranged equidistant, or into 
cylindrical splints by being forced through saa perkeatlons in a metal 
plate. ‘ho best pine plank, free from knots and irregularities, is 
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ing century the seale of prices turned in 


the internal supply of timber, it gradually 
became an article of extensive demand from other countries. In 1830, 
of Mr, Huskisson, the fir timber used in 
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cent, in some cases: that e one duty 

ir a In 1787 the duty on foreign. timber was 

of fifty cubic fect, but it was raised at different 

1804, it amounted to 25s, In 1810 the duty was 
1814 to 1820 it was 64s. 11d. and 65s. the load. 

scarcely any existence before 1803 

been admitted free of duty; and the du 
only 3 per cent. ad valorem, which was 

of 2s, the load. In consequence of the war 

in the price of European timber, Memel fir 

from 78%. to 3208. the load. In order therefore to 

from our own colonies, North American timber Was beta, 

free; and from that time it was more largely 
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1821 the duty on European timber was re- 


: 
a 


t 
* 
Z 


253 TIMBER AND TIMBER-TREES. 254 
alone purpose wood would injure the cutti duced from 65s. to 55s. the load, and a duty of 108 was imposed on 
Soper, cad tats wealth Be in the end. MA plank 12 feet colonial timber, leaving a preferential duty of 45s. still in operation. 
long, 11 inches wide, and 3 inches , will cut ‘up into 200,000 | In the tariff of 1842 the duty on colonial timber was reduced to a 
lucifer-match splints of ordinary size; and some firms thus cut up | merely nominal sum, namely, 1s. the load, and to 2s. on deals, and 6d. 
twenty of such planks in a day. on lathwood ; while that on foreign timber was to be ually reduced 

In an article Mr. Charles to 30s. and 35s. on different kinds. The mode of ¢ the duty 


was at the same time improved and rendered less complex thati before. 
The difference of duty was from 24s. to 30s. in favour of colonial 
timber. This difference was reduced in 1847 to 14s. In 1851 the 
differential duties ceased altogether ; the duty was established at 7s. 6d. 
to 10s. per load, without respect to country. In 1860 it was reduced 
to 1s, and 2s. per load, or 1s. and 2s. per ton, according to the mode of 
measurement. It may here be remarked that timber is sold by the 
load, the cubic foot, the square'foot, the foot run, the ton, the Ib., or the 
number of pieces; but the greater portion is by the load. <A load of 
unhewn timber is 40 eubie feet; of squared timber, 50 cubic feet; of 
, 150 to 600 square feet, for thicknesses varying from 1 to 4 
inches. Of a very usual kind of plank, 12 feet long, 11 inches wide, 
and 3 inches thick, 18 make one load. 
The imports of timber, in the fifteen years from 1844 to 1858 in- 
elusive, ranged from 1,500,000 loads to 2,500,000 loads annually. In 
1860 the quantities and classification were as follow :— 


Loads, 

Foreign, unhewn timber e e e - 692,788 
- hewn timber . ° * « « 768,791 
Colonial, unhewn timber . . . + 580,349 
” hewn timber . . . + « 760,356 
Total on chee a? oF SS OOK aS 


TIMBER AND TIMBER-TREES. ‘Timber-trees are those the 
wood of which is used for building or repairing houses. Oak, ash, and 
elm, of the age of twenty years and upwards, are the trees most 
generally included under that denomination; but there are many 
other kinds of trees, such as beech, cherry, aspen, willow, thorn, holly, 
horsechesnut, lime, yew, walnut, &c., which are, by the custom of 
certain parts of England, considered as timber-trees, as being those 
used in building. (Cruise, ‘ Dig.’, t. 3,¢, 2, ss. 6, 7.) Most of the 
cases upon the question as to what trees are to be considered timber, 
have arisen in reference to the stat, 46 Edw. IIL, c. 3, whereby it was 
enacted that great or grosse wood of the age of twenty, thirty, or forty 
years, or upwards, should not be titheable, but that sylva cedua, or 
underwood, should be titheable, (2 ‘ Inst.’, 642, 643; 8 ‘ Rep.’, 12.) 

The timber-trees growing. pon land bel to the owner of the 
inheritance. A tenant for life has oes qualified interest in them, 
in so far as they afford him shade and shelter, and a right to take the 
mast and fruit. If the tenant for life fells timber-trees on the land to 
any amount greater than he is entitled to as estovers, that is to say, 
the allowance of wood n for the reparation of houses and 
fences, he becomes liable to an action of Were {Wassa and the 
trees, which by these or any other means, accidental or otherwise, have 
become severed from the land, may be seized by the owner of the 
inheritance, or an action may be brought by him for them, If, how- 
ever, the estate of the tenant for life be without impeachment of waste, 
he has the full right to fell timber, and also the property in all timber- 
trees felled said hora down during his life. 

In — for lives, when timber is included, if the lessor fells the 
trees, the lessee may maintain an action of trespass against him, 
because the lessee, though he may not cut down the trees without 
being subject to an action of waste, has an interest in them for shade 
and shelter, and a right to take the mast and fruit, and may also lop 
them if they be not thereby injured. But where the trees are excepted 
in a lease, which is usually done, the lessee has no interest whatever in 
them, and the lessor may bring an action of trespass against him if he 
fells or damages them. The lessor has also a power, incident to the 
exception, of entering on the land in order to fell and take away the 
trees; though this power, for the sake of avoiding questions, is often 
ex; ly reserved, 

he timber growing on copyhold estates is, by the general custom 
of most manors, the property of the lord, who may cut it down, 
provided he leaves a sufficient quantity for the repairs of the copyhold, 
which the copyholder is entitled to of common right. But the general 
right of the copyholder to have timber for the reparation of houses 
and for ploughbote and hedgebote may be restrained by custom, 
namely, that he shall not take it without assignment from the lord or 
his bailiff’ A copyholder in fee may, by the particular custom of the 
manor, have a rg we to cut timber-trees growing on his copyhold, 
and sell them at his pleasure; and the same right may belong by 
custom to a copyholder for life, who is entitled to nominate his 
successor, as a quasi copyholder in fee; but a custom that a 
copyholder for life may cut down timber is unreasonable and void, as 
being a destruction of the inheritance, and contrary to the nature of a 
life estate, 

Ecclesiastical persons being considered in most respects as tenants 
for life of the lands held by them jure ecclesia, are not permitted to 
eut down timber except for repairs. The Court of Chancery will 
always interfere to prevent the owner of a particular estate joining 
with the person entitled to the inheritance for the time being to cut 
down the timber on the estate. 


TIMBRE. 


of any authority, the same, in an almost state, as that now 
known in every part of Europe under the names of tabor, tambourine, 
tambour de Basque, ke. 

TIME (in Music) is :— 

I. The measure of the duration of sound. 

II. That which divides a bar into two or three equal parts, and sub- 
divides these. 

Ill. The movement—that is, the quickness or slowness—of a 


composition. 
1. The d of sound, or pitch, is shown by the place on the staff 
of any one of the characters called notes ; but its duration is known by 
e note; that is, as minim, or crotchet, &e. The longest 
note, in relation to time, used in modern music, is the semibreve, 
which is considered the measure-note, and its average length is about 
four beats of a healthy man’s pulse. The five other notes are pro- 
ionate parts of this. Thus the minim is in duration 4 of a semi- 
on: the crotchet is }, &c.: consequently two minims, or four 
crotchets, &c,, are equal to one semibreve, as exhibited in the annexed 
table :-— 
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2. Time is either duple or triple. The former divides every bar, or 

measure, into 2,‘or 4, &c., equal parts; the latter into 3, or 6, &c. 
Times are marked by the letter C,—also by this letter barred (2), and 
by The C, whether barred or not, indicates Common Time ; 
that is, duple time, having one semibreve, or its equivalent in notes, in 
each bar. Figures represent the fractions of a semibreve, the upper 
figure the numerator, the lower the denominator. When the nume- 
rator is 2 or 4, the time is duple; when 3, it is triple; when 6 or 12, 
it is compound-common ; and when 9, it is compound-triple. But in 
reality, there are only two times—binary and ternary; or duple and 
triple. - 
3. The term Time has hitherto had a third meaning annexed to 
it in musical language, by its employment in the sense of movement, 
a ‘practice which has produced some confusion. The Italian word 
Tempo, signifying the same, is now growing into use. [MrTRoNoME; 
RayTem. 

TIME. This word may be considered either with reference to our 
abstract idea of the thing signified by it, or to the measures of it which 
have been contrived for use in the business of life. Some! on the 
first point of view will be found in the article Space anp Time, to 
which the following may be added. 

When we think of time in the usual manner, it is of a real thing 
external to ourselves, which we cannot help imagining to have an 
existence and a measure, both of which would remain though those 
who now speculate upon the conception were annihilated. A little 
more consideration shows that we are indebted for the idea to suc- 
cessions of observed events, or at least for the power of applying the 
idea to external objects. No description can be adequate; if we say 
that change necessarily implies time, and that the perception of that 
which is being different from that which was, suggests the notion of 
an interval, we see that we have already fully assumed the idea of time 
in the words is and was, But we say that space and the objects 
which fill it exist independently of ourselves, and would ergo 
changes though we were not in existence to perceive them, and that 
therefore the times which those changes require would also exist ; this 
involves the whole of the most abstruse part of metaph and is 
much beyond the scope of our article. We shall therefore turn to the 
mode of measuring time ; we have a thorough conviction that time is a 
magnitude, that is, has its more and less, We must ask ourselves in 
the first instance what we mean by a greater or a smaller time. 

In the perception of time as a itude, that is, of intervals of 
time as containing more or less of duration, we refer in the first 
instance to a habit derived from continual acquaintance with those 
great natural successions on which the usual actions of our lives depend, 
with which we can constantly, though unconsciously, oes the 
duration of our thoughts and actions. There is no more an absolutely 
long or short time there is an absolutely great or little space; 
these words are only comparative. If, for example, any one were to 
affirm that the universe was continually growing less and less, all its 
pee ae ion, and the dimensions of the 

uman race with the rest, in such manner that the whole solar system 
would now go into a nut-shell, such as nut-shells were a thousand 
years ago, it would be impossible either for him to prove it, if true, 
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be so, Perhaps the allego: might ve suggested 
known to take ag reat Be ere is evidence enough 
the lo of illusions really occupy no more than, if 
a second or two by the pendulum. [Dreams.] 

In the laws of motion it seems as if, so to 
sance of time; a particle of matter will continue to describe 
spaces in equal times, until acted on by force from without. Y 
would be possible to state this law as follows, in such a manner 
avoid the comparison of quantities of duration. If two particles acted 
on by no external (forces, are at a and a at the same epoch of dura- 
tion, and at B and } at the same subsequent epoch, then if ac be m 
times 4 B, and if ac be m times ab, the law of motion is that o and ¢ 
will be respectively attained at the same instant. The mathematician 
will readily see that the equations of motion do not aie the 
ut 
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When Newton, in his doctrine of fluxions, or flowing quantities, 
imagined length, space, solidity, and number itself, to be generated by 
a continual and gradual flow, as a line by the motion of a point, a 
surface by that of a line, and so on, it was objected that he introduced 
the ideas of time and motion, both of which were foreign to pure 
mathematics, and properly belonged to mechanics. To get rid of 
intruders, the theory of limits, which the notion of fluxions immediately 
requires, was attached, not to flowing quantities, but to variable 
quantities. Let # be a variable quantity, is one of the most common 
phrases of the systems which have superseded that of Newton. Now 
variation means change ; it is never pretended that a variable has two 
values at once. All the difference is, that by Newton the object of 
consideration is supposed to grow larger or smaller, while the moderns 
pass in thought from a larger quantity to a smaller, or vice versd, 
taking one first and the pee Seow If so slight a difference as 
this be worth a contest, the distinction of pure and mixed science must 
be trivial enough : the fact is, that both systems consider successive 
values, and succession is time. If two computers were to quarrel which 
was the purer arithmetician, the one who stood still counted the 
carriages as they by him, or the other who walked from one to 
another and counted them as they stood still, they would, to 4 
much resemble some of the disputants for and against the principle 


fluxions, 


The actual measure of wong rage our able to secure 
successions of similar events w furnish ¢| by 
equal intervals of time. We cannot do this by our except 
approximately, and for short 
aided by the sentiment or fee! 
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“no equation. The dial then is before 


TIME, - 


TIN. 258 


for music, will do remarkably well for a short period : a person who 


could not well the division of a second into eight parts at least 
would make a in an orchestra, As to thej ent of con- 
siderable of time, it is materially influenced by @ manner in 


ong peri 
having passed quickly or slowly, we speak not of the time, but 
bering it. A i i 


correct machines which have been invented to 
is one principle: a vibration is kept up by 
the constant application of. forces only just sufficient to counteract 
, and machinery is applied to register the 
The remarkable law noted under Isocuro- 
NisM and Visration makes it comparatively immaterial whether the 
vibrations are of precisely the same extent. But the imperfections of 
rat Spleen the precise action of dis- 

turbing causes, and particularly of changes of temperature, rende 


measures consists in most of their 
ities being trul distributed about a uniform mean, so that 
the excesses of some periods are compensated Brace defects of others, 


true and convenient subdivisions the natural 
unit consisting of a y and night. To the second of these we now 
turn our i 
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of the same length, and a little longer than the sidereal day, 
i and 
in the absolute 
it is called, the real go’ day. This is 
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i the fictitious bodies have the 
the real sun, so that the years of the three are the 

on the ecliptic is made to coincide with 
at 


and apogee, or nearest and 
the earth; while the epee ibe the equator is mde to 
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its transits, which is always of the same len, h, 
is called — fi, day, which is divided into i te cae 


blem 

owing to the joint action of the two sources of difference, it presents a 
Very irregular series of phenomena in the course of the "year, If the 
sun moved ly, but in the ecliptic, there would be no equation 


two the equation of time vanishes hen the eff Ey cal 
v 'Y when the effect of one cause 
of irregularity is equal and o ite to that of the other; and this 
takes place four times a year. this present year (1861) the state of 
the equation of time is as follows :—January 1, the clock 1s bef’ 
sundial 3" 58°, and continues to gain u m the dial until February 11, 
when there is 14" 32¢ of difference, This then begins to disminaty oj 
continues i until April.15, when the two agree, and there is 
the clock until May 14, when 
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time. The dial is now again before the clock; and by November 8, 
the equation has become 16" 18*, from which time it falls off until 


of the solar perigee [Year ; Sun], which will in time wholly alter the 
phenomena. For instance, when the perigee comes to coincide with 


TIME BALL. [Tarrcears, ELEorRIc.] 
TIME BARGAIN. [Srocxs. 
TiME OF DESCEN T, the technical term for the time employed 
bys material particle in falling down an are of a curve under the action 
of gravity, the mode of obtaining which is explained in Vrnocrry, 


curve is so drawn as to cut off from every one of them an are which is 
falling particle in one given time, that curve is called 


cycloid, namely, that a particle, wherever placed, will fall to the lowest 


point in the same time, such a curve is also called tautochronous by 


— ago the Phoenicians regularly visited the southern shores of this 


The alchemists called tin ove, or Jupiter, and gave it the sign 2%, 
indicating that they thought it to be one half silver and the other half 


The chief ore of tin is the binoxide, (Try, in Nav. Hist. Drv.) It 
i latilise arsenic and sulphur ; 
washed, to remove sulphate of copper and the oxide of iron; reduced 
to the metallic state by charcoal 3 and refined by fractional fusion, 
9, ; 


of yellow ; in tenacity it is exceeded by several of the metals, but is very 
noise, termed the “ery” of tin; the latter effect, as well as the heat 


gravity of 7'292; melts when heated to 442° Fahr., and at a higher 
temperature burns with a brilliant white light. Tin, like iron, remains 


temperatures tin is not brittle, but when heated to near the fusing 


Protoxide of tin . ate . « «810 
Sesquioxide of tin , a as . + » &n,0, 
Binoxide of tin , . . . eis + SnO, 


Protoxide of Tin (SnO) cannot be procured perfectly purée by direct 
action : the best method o: preparing it is to evaporate a solution of 


ammonia, nor do the alkaline carbonates dissolve it. The alkaline 

solutions of this oxide gradually deposit metallic tin, and peroxide 

Temains in solution. Its salts very quickly absorb oxygen from the 

air, and form compounds which readily yield oxygen ; and it is on 
8 
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this account that it converts the seaquioxide of iron into xide, 
and precipitates silver, mercury, and platinum in their metallic state, 
With gold, a purple compound is formed, known by the name of the 
purple powder of Cassius, 

ydrated Protoxide of Tin (8n0, HO) ipitates as a white powder 
on adding together solutions of speiidertle of tin and carbonate 
of soda, 

Sesquioxide of Tin (Sn,0,) is formed by mixing fresh precipitated and 
moist hydrate of peroxide of iron with a solution of protochloride of 
tin, as free as possible from hydrochloric acid, By the mutual action 
of these substances a slimy gray matter is thrown down, which is genoe- 
rally slightly yellow, from the presence of a little peroxide of iron, It 
is probably a definite stannate of protoxide of tin (SnO,5n0,). It'is 
soluble in hydrochloric acid, and also in ammonia, which last property 
distinguishes it from the protoxide; and it is distinguished from the 
peroxide by giving a sani precipitate with the salts of gold, 

Binowide or Peroxide of Tin.—One variety of this results from the 
action of strong nitric acid upon tin. Dried in air, it contains 
Sn,0,,, 1OHO; at 212° it loses half its water (HO, Sn,0,, + 4Aq), and by 
exposure toa red heat becomes anhydrous and of a straw-yellow 
colour. It is known in commerce as putty powder, and is used for 
polishing plate. In the hydrated state it is insoluble in hydrochloric 
or nitric acids, but is freely dissolved by the alkalies forming salts, 
which do not crystallise, but which may be obtained in a granular 
state; that of potash contains (KO,Sn,0,,+4Aq). It is distinguished 
from the next form of binoxide of tin by the name metastannic acid, 
When its hydrate is moistened with protochloride of tin, a beautiful 
golden-yellow metastannate of tin (SnO, Sn,O,, + 4Aq) is formed. 

When carbonate of lime or baryta is added to excess of bichloride of 
tin, a gelatinous binoxide is thrown down. Unlike metastannic acid, 
this variety is readily soluble in nitric or hydrochloric acids, It is 
called stannic acid, has the formula HO,Sn0O,, and combines with 
the alkalies to form crystalline stannates. The stannate of soda 
(NaO,SnO, + 4Aq) is largely used by the dyer and calico-printer as a 
mordanting agent. By a heat of 284° Fahr., stannic acid is conyerted 
into metastannic acid, 

Binoxide of tin renders glass semi-opaque or opalescent, It is ap 
ingredient of most enamels, 

Chlorine and Tin combine to form the protochloride and the per- 
chloride, The protochloride (SnCl+2Aq) is prepared by dissolying 
the metal in hot hydrochloric acid till the evolution of hydrogen gas 
ceases : the solution is colourless, and deposits crystals, which some- 
times are acicular, and at others prisms of considerable sige, When 
heated to about 212°, the water is nearly expelled; at a higher tempera- 
ture, hydrochloric acid is evolyed, and oxichloride of tin remains, It 
is soluble in a small quantity of water, but decomposed by a large 
quantity, oxichloride of tin being precipitated. 

The protochloride of tin is used as a mordant in calico-printing, 
under the name of salts of tin, and in chemical investigations aa a 
deoxidising agent, acting in the mode already described. 

Protochloride of tin may also be obtained by distilling a mixture of 
equal weights of granulated tin and bichloride of mercury, or by trans- 
mitting hydrochloric acid gas over tin heated in a glass tube; in all 
these cases it is free from water, and is a gray solid, of a resinous lustre, 
which fuses below redness and sublimes at a high temperature, It is 
commonly known as butter of tin. 

Perchloride or Bichloride of Tin (SnCl,) may be prepared in seyeral 
modes : first, by heating the protochloride in chlorine gas; second, by 
dissolving the hydrated peroxide in hydrochloric acid; third, by 
putting tin into the mixture of hydrochloric and nitric acid, called 
aqua regia, which yields nascent chlorine; fourth, when a mixture of 
1 part of tin with 4 parts of bichloride of mercury is distilled with 
a gentle heat, a colourless limpid liquid is obtained, which fumes 
strongly in moist air; this is the bichloride of tin, formerly known by 
the name of the fuming liquor of Libayius, It boils at 289:5° Fahr., is 
rendered solid by the addition of one-third of its weight of water, and 
dissolves in a larger quantity. By the action of alkalies it is decom- 
posed, hydrated peroxide of tin being precipitated, 

A solution of this salt under the name of nifromuriate of tin, or 
composition, is extensively used in dyeing and calico-printing. Tt forms 
double salts with alkaline chlorides. 

Sulphur and Tin combine in three proportions. The protosulphide 
(Sn8) is prepared by adding to melted tin an equal weight of sulphur, 
and stirring the mixture till combination is effected; the product is to 
be powdered when cold, mixed with an equal weight of sulphur, and 
thrown in small portions into a hot crucible, and eventually heated to 
redness, It is of a bluish-black colour, has a metallic lustre, fuses at a 
red heat, and when cooled has a lamellated texture. When hydro- 
sulphuric acid gas is passed into a solution of protochloride of tin, a 
similar compound is obtained. Hydrochloric acid dissolves protosul- 
phide of tin with the evolution of hydrosulphuric acid gas, a solution 
of the protochloride of tin being formed. 

Seaquisulphide of Tin (Sn,8,).—To prepare this, finely-powdered 
protosulphide of tin is to be mixed with a third of its weight of 
sulphur, and the mixture is to be heated to moderate redness until 
sulphur is no longer volatilisod. It has a deop grayish-yellow colour, 
and when strongly heated is re-conyerted to the state of protosulphide; 
when heated in hydrochloric acid, hydrowulphuric gaa is given out, 


procure! by -hesting i, ares 33 of tin 
Lpae & mavens, aes Re oe 7 parts of hur | of r 
¢ of ammonium; the mereury facilitates the com mofthe = 
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prevent the ure 80 as pose 
bisulphide of tin formed, This substance, formerly known 
alchemists by the name of Aurum musivum, or Mosaic gold, is in 
line scales,’and sometimes in six-sided plates, of a golden-yellow 
and metallic lustre. It is not soluble in any acid, but nascent 
in the form of what is called aqua regia, dissolves it; it is solub 
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in solution of potash and soda, forming what have been termed sulphur 
sali, It is used in the arts to give an appearance of bronze to the 
surface of metals, 

Phosphide of Tin is 


readily formed by adding phosphorus 

melted metal ; it is of a silvery-white co! Be soft enough 

cut with the knife. After fusion it ises on cooling; w 

upon a red-hot coal, the phosphorus burns, This compound does 

appear to have been accurately analysed, When phosphuretted 

gen is made to act upon a solution of Gpeloahlerite tin, a 

is formed, which is readily oxidised by the action of the air, 
Lodides of Tin.—To prepare the protiodide (Sn1), 2 parts of - 

lated tin are to be heated with 5 parts of iodine ; res 

isared translucent substance, yery fusible, soluble in water, 

at a high touipereeare, a 
The Periodide of Tin (SnI,) is formed by dissolving 1 

peroxide of tin, precipitated by an alkali from the solution of the 

ichloride, in hydriodie acid ; it forms Ey ae of a silky lustre, 

are resolyed by boiling water into ide of tin and hydriodie acid, 
Selenide of Tin.—When tin is with selenium, they combine 

with the evolution of light, The compound formed is a spongy 

of a gray colour and metallic lustre; when heated, selenium is axpuled 

and peroxide of tin remains. 


Oxtsatts or Try, 
Protonitrate of Tin is formed by dissolving either the metal or the 
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protoxide in dilute nitric acid, A yellow uncrystallisable solution is 
obtained ; by exposure to the air it absorbs oxygen, and peroxide of _ 


tin is precipitated, fo 
Pernitrate of Tin. —When tin is acted upon by strong nitric acid, the — 
peroxide formed remains entirely insoluble in the acid ; to procure the 
pernitrate it is best to cause the peroxide to dissolve in dilute 
nitric acid, The solution is colourless, and yields no crystals; when 
a ikcie of Flees bp dling oxcoat cl Xin ba sulebuls asl a0 
in. —By boiling excess in sulphuric acid, a solu- 
tion is obtained from which colourless acicular of sul of 
tin (SnO,SO,) are deposited, When, on the other hand, tin is boiled 
in excess of sulphuric acid, or hydrated peroxide of tin is dissolyed in 
Lo acid, persulphate of tin ig obtained in solution, but it cannot be 
made to erystalli 
Phosphates of Tin.—When phosphate of soda is added to a solution 
of protochloride of tin, an insoluble white precipitate of proto: 
is obtained ; the perph te, also an insoluble colourless i 
may be procured by adding the phosphate of soda to a solution of 
perchloride of tin, 
The characters of the salts of tin are as follow :—The protosalts are 
white and Le solutions of Fos 4 usually cpap I is 
ingent metallic, and hi disagreeable ; when ution, 
they rapidly absorb oxygen, and are converted into the corresponding 


ts. 
Wien pes eae sake put into a solution of tin, the latter 
is thrown down in the metallic state. Ferrocyanide of ium occa: — 
sions a white gelatinous precipitate when dropped into these solutions, 

and sulphide of potassium or sodium or sulphuretted bs fas occa: 

sions a coffee-brown precipitate in the salts of the protoxide of tin; 

neither ic acid nor infusion of galls occasions any . 
When chloride of gold is poured into solutions of protoxide of tin, a 
purple-coloured precipitate falls. A solution of potash or soda throws 
down a white precipitate, which dissolves in excess of the alkali. lf 
the solution be boiled, a black powder falls, which is metallic tin ; 
while a compound of peroxide of tin and potash remains in solution. 
Ammonia throws down a white precipitate, not soluble in excess of the 


Peraalts of tin give a white precipitate with caustic alkalies, soluble 
. Pemen, peelper sr being ecm go on ing. ips Fata 
rogen and su ammonium give a dirty yellow preci * 
soluble in excess A yoo alkaline su heroes 


ide or in caustic alkalies. 
the blowpipe on charcoal, salts of tin give, in the reducing flame, a 


white eable globule of metal. 
Estimation of Tin. —This is usually effected in the state of binoxide, 
of which 78°66 per cent, is metal. 
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Most of the malleable metals are rendered brittle by alloying with 
tin; it combines readily with potassium and sodium, forming brilliant! 
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tin ; the potassium alloy burns 
w it contains more than one-fifth of ium. With 
a metallic mass which is whiter, harder, and more 


is and brittle. Copper and tin form 
well and highly useful; they are Bett-Metan 
See, also, Brrrannia-MetaL; Pewrer; Souper ; and 
ith mercury tin readily tes, and the com- 
ing mirrors. With iron, tin forms white com- 
which are more or fusible according to the proportion of 
contain. is of all the alloys of tin the most useful, 

of this and of pewter are the most extensive appli- 


iron is employed, and, after being tho- 
and grease, by immersion in dilute sul- 
plates are di into a vessel containing 
of which w floats. These and other 
to secure the uniform adhesion, or 

Copper may be tinned by a some- 
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for notices of the 
of tin, we shall 
mercial : 

Under @ it is explained in what way 


tracted from the mines of Cornwall and 
are 


‘beratory 
exhale arsenical By this, together with some subsequent 
fusther dlatitash from Ge aduixture of forcign matter 
The ores of tin raised in Cornwall and 
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are removed, a channel 
in flows from the hearth into a 
it is allowed to rest for some time, in order that 
When it has settled, the tin is ladled into 
as to form it into large blocks or ingots, These in 
oo yam contain portions of iron, , arsenic, tungsten, sulphurets 
5 oxide of tin, and earthy matters which have 
passed off with the scorie. To remove these the tin is ¢: to 
Process of refining, which commences by placing the blocks or 
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ingots on the hearth of a second reverberatory furnace, and applying 
a moderate heat, This causes the tin to melt and to flow into a basin 
provided for it, leaving upon the hearth a residuum consisting of a 
wr ferruginous alloy. Fresh blocks are then placed in the furnace, 
without removing the unmelted remains of the former, until about 
five tons of tin have flowed into the basin. This part of the process 
is termed a liquation, and is followed by the actual refining, which is 
usually effected by plunging billets of green wood into the melted tin 
in the refining in, by means of an apparatus erected near it. The 
heat occasions the disengagement of considerable volumes of gas from 
the wood, and thus a-kind of ebullition is produced in the tin, which 
causes the lighter impurities to rise to the surface in a frothy form, 
and the heavier to fall to the bottom. The scum is taken off and 
returned into the furnace ; and when the tin is sufficiently boiled, the 
green wood is lifted out, and the whole is allowed to settle, in doing 
which the purest tin rises to the top, that with a trifling admixture of 
foreign metals remains in the middle, while the foulest portion sinks 
to the bottom. When the mass becomes so cool that no further 

ion can take place, the tin is again ladled into moulds. The 
blocks formed from the lowest part of the tin are usually so impure as 
to need a repetition of the refining process. <A similar effect is some- 
times produced by an operation called tossing ; in which, instead of the 
ebullition produced by the green wood, the mass of melted tin is 
agitated by a workman repeatedly lifting a quantity of tin in a ladle, 
and letting it fall into the basin from a considerable height. After 
continuing this agitation for some time, the surface is skimmed care- 
fully; and if the upper part of the tin be yet too impure for the 
market, the refining is rendered more ‘ect by keeping the metal in a 
fused state, without agitation, until the impurities separate spon- 
taneously. After refining, the tin is cast into blocks of about three 
cwt. po The moulds used for this purpose are frequently made of 
granite; and the tin thus is sold as block tin. 

It-has been stated that the richer portion of the scorie left by the 
process of smelting is reserved for further operations. Such as contain 
small grains of tin among the slag or refuse are taken to a stamping- 
mill, and broken and washed in a similar manner to the ore: while 
those which contain much tin are re-smelted without any previous 
eb opera From these scoria, which are called prillion, an inferior 

ind of tin is produced by a second smelting. 

Of the a quality of tin-ore, as prepared for the smelting- 
furnaces, 20 parts yield from 12} to ap of metallic tin, or from 
624 to 65 per cent.; and the quantity of coal required for producing 
one ton of tin is about a ton and three-quarters. Respecting the time 
when this economical fuel was substituted for wood-charcoal in the 


ly | smelting of tin-ores, authorities are at yariance; but it is generally 


supposed to have been about the year 1680. Whatever may have been 
the precise time or manner of this improvement, its importance is 
indisputable ; and such is the effect of the superior economy of this 
and other metallurgic operations as performed in England, that experi- 
ment has shown the possibility of bringing tin-ore from the Malay 
countries to this island for the purpose of smelting, and sending the 
wate price than it can be produced for on 
ie spot. 
The smelting or reduction of tin by the blast-furnace, with wood- 
charcoal, is practised on a limited scale for the production of tin of the 
greatest ible purity. The finest ores supplied by stream-works, 
Sead tha fier a canst, are selected for this operation; and as these 
are free from many of the impurities found in other ores, they do not 
require calcination. The works in which blast-furnaces are employed 
are eracrsey 4 called blowing-houses. The furnaces used are about six 
feet high; the long narrow chimney, after proceeding for some dis- 
tance in an oblique direction, contains a chamber in which the metallic 
dust carried off by the blast is deposited. The furnace is lined with a 
vertical cylinder of cast-iron, coated internally with loam ; and it has 
an opening near the bottom, by which the blast is introduced, either 
from bellows or from cylinders. No substance is added to the 
ore and charcoal, unless it be the residuary matter of a previous smelting ; 
and the proportion of consumed is about one ton and six- 
tenths for every ton of tin produced. The melted tin runs from the 
furnace into an open basin, whence it is run off into a large vessel in 
which it is allowed to settle. The scorim which flow with the metal 
into the basin of reception are skimmed off, and separated into two 
portions, one —— of such as retain tin oxide, and the other of 
such as have no oxide, but contain tin in a granulated state. The sub- 
sequent operations are much the same as with block tin prepared in a 
reverberatory furnace with pit-coal. In order to convert the blocks 
of tin produced by the blast-furnace — into the form known as 
grain tin, they are heated until they me brittle, and made to fall 
from a le height in a semi-fluid state, thus producing an 
omer mass of elongated grains. $ 
rom a comparison of the results of the two methods of smelting 
above described, it appears that the reverberatory furnace with pit- 
coal occasions less loss of metal than the blast-furnace, and is by far 
the most economical. The superior quality of the tin produced by 
the other process is attributable partly to the greater purity of the 
fuel, and partly to the finer quality of the ore selected for the purpose. 
Manufacture of Tin-ware.—It is unnecessary here to enumerate the 
various purposes to which tin is applied in the useful arts, either as an 
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ingredient ini many useful alloys, for which its ready fusibility, its 

iness, and its "eautiful appearance, render it aeeely valuable, 
or as the basis of chemical compounds used in dyeing, &c. It is rarely 
employed alone in our metalline manufactures owing to its softness, 
og eam laid in a thin coat upon the surface of sheet-iron by the 
process of Trxnrna, it produces a material of extensive use in the 
manufacture of culinary and other articles, In this country the greater 
portion of the tin used in the manufacture of articles composed ex- 
clusively of that metal is that which is expanded by rolling or 
hammering, or by a combination of the two operations, into leaves 
or sheets barely one-thousandth part of an inch in thickness, under 
the name of tin-foil. [For.] ; 

The art of tin-plate working, or of forming sheets of tinned iron into 
vessels and utensils, depends more on the manual dexterity of the 
workman than upon any peculiarity in the tools he requires, which 
are few and simple, consisting of bench and hand-shears, mallets 
and hammers, steel heads and wooden blocks, soldering-irons, and 
swages. In the formation of a vessel the first operation is to cut the 
plates to the proper size and form with shears; and when the dimen- 
sions of the article require it, to join them together, which is done 
either by simply laying the edge of one plate over that of the other, or 
by folding the edges together with laps, and then soldering them. 
Similar joints are required when gores or other pieces are to be in- 
serted, and also at the junction by which a cylinder is closed in. The 
usual method of forming laps, bends, or folds for this or other pu 
is to lay the plate over the edge of the bench, and to bend it by 
repeated strokes with a hammer. After a tin vessel has been rounded 
upon a block or mandril, by striking it with a wooden mallet, and the 
seams finished as above described, all its exterior edges are strengthened 
by bending a thick iron wire into the proper form, applying it to what 
would otherwise be the raw edges of the metal, and dexterously folding 
them over it witha hammer. By this means the appearance of the 
articles is improved, and their durability and strength are greatly 
increased, A superior kind of tin-ware, commonly known as block-tin, 
is carefully finished by beating or planishing with a polished steel 
hammer upon a metal stake; by which means the surface, which 
otherwise appears somewhat wavy, is made very smooth and silvery, 
especially after it has been polished with dry whiting. It is principally 
in the production of block-tin wares that swaging is resorted to as a 
ready means of producing grooved or ridged borders or other embossed 
ornaments, This process consists in striking the metal between two 
steel dies or swages, the faces of which bear the desired pattern, and 
are made counterparts to each other. The mouldings round the edges 
of dish-covers and other similar articles are produced in this way; the 
sw embossing the pattern in short lengths, and the article being 
als turned round until every part of its circumference has been 
submitted to their action. The lower die is usually fixed in an appa- 
ratus to which moveable guides are attached to insure the correct 
position of the article to be operated on, and the upper is made in the 
form of a hammer, the handle of which is pivoted so as to insure its 
descent in precisely the right position, Sometimes the requisite power 
is applied by simply working the upper swage or swage-hammer itself ; 
but in other cases the head of the swage-hammer is struck with a 
mallet. Very many ornamental articles are produced by embossing or 
stamping tin-plate, in the same manner as other metallic sheets, with a 
fly-press or other machinery. Cheap coffin-plates are manufactured at 
Birmingham in this way ; and these and similar articles are sometimes 
lacquered, painted, or japanned. <A very beautiful method of orna- 
menting tin wares by producing a crystallised appearance on the surface 
was much practised a few years since, under the name of moiré métal- 
lique. It is described under Morn, 

Tin forms the nae ingredient in various kinds of pewter and 
other white metallic alloys, which are manufactured into domestic 
utensils by casting, stamping, and other processes in which much in- 
genuity is displayed. The Britannia metal manufacture was commenced 
on a large scale at Sheffield, where it is still carried on, about the year 
1770; and the brilliancy, lightness, and cheapness of the wares, which, 
when well made, greatly resemble silver, have secured for them a very 
extensive sale in this and other countries. The tin is first melted and 
raised to a red heat in a cast-iron pot, and then antimony, co} per, and 
brass are successively poured into it from the crucibles in which they 
have been melted; the mass being stirred during the operation, to 
complete the mixture. The fusion being completed by the continued 
application of fire under the pot, the metal is removed by ladles to 
cast-iron boxes or moulds, in which it is cast into slabs fifteen inches 
long, six inches wide, and one inch thick; or if for casting small 
articles, into smaller moulds to form it into convenient ingots, The 
thick slabs of metal are then extended by passing them between 
polished steel rollers until they are reduced to the required degree of 
tenuity. The principal consumption is for candlesticks, tea-pots, coffee- 
biggins, and other vessels for containing liquids. The feet of candle- 
sticks, the bodies of tea-pots, and other articles having embossed 
work, are stamped between dies; and when the shape of the article 
will not allow it to be stamped in one piece, it is stamped in halves, 
which are subsequently fitted and soldered together. Articles ap- 
proaching the globular form may in like manner be stamped in three 
or more pieces. Plaster casts are produced of the required pattern, 
either from original models or designs, or from manufactured articles 


of silver ; and from these are made moulds or ties of So ee 
which, with a very little finishing, form dies fit for stamping so tract- 
able a metal. vet Be, it may even be stamped in dies of 
brass or of spoon-metal. great facility with ppgeclertsg 
be moulded to any required form is illustrated by the operation 
spinning, by which the bodies of tea-pots with concentric circular swells 
are usually formed. etcign small vessels, spoons, and 
other articles are cast in an alloy somewhat harder than that which is 
rolled into sheets. The appa 6 cee which Britannia metal may be ~ 
run into any shape and cut in lathe, as for turning measures and 
small vessels previously formed by casting, is a great recommendation 
to the manufacturer, Articles of this metal are cleaned from the oil, 
resin, and other impurities acquired during their formation, by 
in water containing soap; after which they are polished, either by 
hand, or more commonly by the buff and brush set in motion by a 
steam-engine, After buffing and coed the articles are boiled in a 
solution of pearlash, and finally hand- ed and hand-polished Pa 
application of soft soap, a little oil, and powdered rotten-stone. T 
operation is usually performed by females; as it is found that no in- 
ent can supply an effectual substitute for a soft hand, which is 
ohe of the first requisites inquired for when persons apply for work 
in this department. 

Produce and Trade—The history of the trade in tin commences 
with the very earliest records of commercial intercourse with the 
British islands, We shall only notice it, however, as it,has existed within 
the last two centuries. Davenant gives some interesting information 
concerning it soon after the middle of the 17th century. In 1663 our 
exports of tin to all foreign countries amounted to 153 tons; in 1669 — 
to 240 tons; in the three years of peace, from 1698 to 1700, on an 
average to 1297 tons; and in the ten years of war, from 1700 to 1710, 
on an average to 1094 tons. In these last ten years the annual pur- 
chases of the Dutch amounted to 300 tons, of the estimated value 
of 21,3741. But the produce of the mines more than kept pace with 
the increased demand; and when Davenant wrote, Queen Anne had 
between 4000 and 5000 tons of tin on hand, a quantity equal to four 
or five years’ consumption. The produce of the mines went on increas- 
ing, and the accumulation to which Davenant alludes is only half a 
year’s produce of the mines at present. From 1750 to 1785 the produce 
of the mines varied from 2273 tons to 3005 tons; the average price 
being 64s. 6d. per cwt. From 1789 to 1816 the annual average quantity — 
was 2875 tons at 79s. 9d. percwt. From 1817 to 1887 inclusive, the 
annual average was 4211 tons, and the average price paid to the tinner 
was 73s. the cwt. In 1787 Banca tin was imported into this country 
for the first time, and the price of Cornish tin soon fell to 58s. the cwt., 
and would have declined still further if a new market had not been 
opened. The purser of an Indiaman, who took some tin from the 
Molucea islands to China in 1787, found the speculation so profitable 
that the East India Company were induced to direct their attention 
to the trade, and the Company entered into arrangements with the 
Cornish tinners for an annual supply. The purchases of the company 
were made at low prices, but the tinners were indemnified by the 
artificial scarcity which raised prices in the home market. At first the 
Company paid only 68/. 13s, 4d. the ton, delivered on board in London; 
this sradontiy rose to 80l. The tion ‘finally d in 1817, as_ 
the supply of the home market had become more profitable. 

On account of the increasing consumption at home, the portion 
exported gradually lessened from 7-10ths to 1-5th of the whole. Most 
of the foreign tin imported is for re-exportation ; for it can be supplied 
to the continent cheaper than English tin. A duty was formerly paid 
upon. all tin raised in Cornwall, to the duchy; but as the mode of 
stamping the blocks, for the estimation of duty, was very inconvenient, 
the duty was commuted in 1838 for a annuity; the duty 
amounted to about 5s, per 120 lbs. Under the tariff of 1842, foreign 
tin-ore was rendered admissible on payment of a customs’ duty of 50s. 
per ton, At present the duty is very light—free if unman ured, 
and 10s. per cent, if manufactured. The produce of the British tiu 
mines from 1848 to 1855 varied from 6000 to 7000 tons a year. In 
1857 it reached the large amount of 10,000 tons. So varying is the 

uality, that the price in the last-named year from 181. to 931. ; 
the total value was 750,000/., giving an average of about 76l. per ton, 
This was the value of the ore itself. The metallic tin, after smelting 
and refining, ranged from 108/, to 146/. per ton. The English mines 
which were most productive in that year were the Great Huel Vor, 
Dolcoath, Carn Brea, Par Consols, and Providence ; the produce ranged 
from 54,0002. down to 23,0001., from these five mines. 

In the last financial year (1860), there was imported 58,000 cwts. of 
tin, in blocks, ingots, tek and slabs; and the exports in the same 
year amounted to 55,000 cwts. of unwrought tin, besides 1,500,000/. in 
value of tin-plates, in which the greater of the weight is of iron. 

TIN, MEDICAL PROPERTIES OF. It cannot be asserted that 
tin in a metallic state has no influence over the homes sree 
many respectable writers affirm that tin-filings are decidedly anthel- 
mintic, and that this is not owing to mechanical irritation of the 
worms causing them to be detached from the surface of the intes- 
tines ; it is stated that water in which tin has been boiled, and wine 
digested in a tin vessel, are also anthelmintic. Others, d to tin 
any inherent power over worms, have attributed these to the 
presence of a small portion of arsenic. Be this as it may, it is a very 
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crude 
as might 


method of treating worms to exhibit such a material as tin- 
ANTHELMINTICS.] Even oxide of tin is of doubtful efficacy, 
expected from its extreme insolubility. Its powers may be 


, and therewith forming a chloride. Two compounds 
of chlorine with tin are known, one the protochloride, the other the 
bichloride. Both of these are exceedingly soluble; the latter so 
much so that it can with difficulty be kept in thesolid state, and 
more occurs in the liquid state, and is then called the 
spiritus Libavii, or butter of tin. The former is much used 
by dyers, whom, when in the solid state, it is called salt of tin, 
and Shae lige, spirit of tin. In the former condition, it has some- 
times been mistaken for common an See page ea Wore 
poisoning, though it is not very active w introduced in e 
stomach. A few grains of it injected into the jugular vein prove 
rapidly fatal to dogs. In case of any of it being swallowed, emetics or 
the stomach-pump, demulcent drinks, such as milk, and, if necessary, 
‘moderate venesection, may be employed, followed after a time by vital 
stimulants. A very weak solution of protochloride of tin in distilled 
water is used as a lotion in chronic cutaneous diseases. It has been 
eae a comerecn fo allow Sek containing acids, such 
as 


substances, to remain long in tin-vessels, 
to occur. If any serious effects have ever 
followed from Oar Pare the mbar eye Steere 
coated superficially with tin, which being ru , exposed the 
pal potent metal beneath to the solvent power of these substances. 
It is, therefore, prudent to examine from time to time all copper and 
other vessels to see that the tinning is entire. For small dishes the 
German enamelled stew-pan is to be commended. : 

TINCAL, Fancy Ac.) 

TINCTURES are solutions of the active principles, mostly of 
vegetables, sometimes of saline medicines, and more rarely of animal 
matters, in certain solvents. From possessing more or less of colour, 

have obtained this name. Th istingui according to 


they h ey are dist 
the kind of solvent employed. When alcohol is used, they are termed 


aleoholic tinctures, or more generally simply tinctures ; when sulphuric 
ether is used, they are pdr fergie tinctures, When wine is 
used, though differing little from pure alcohol, the term medicated 
i ; and when the process of distillation is 
to aid the extraction, particularly of volatile oils, the result 
wee, such as of rosemary. Ammonia is sometimes con- 
ee termed an pap. tincture. Se — 
of incipal ingredient is taken up or disso: when 
is Mand them when simple alcohol is employed, as in the 
iaci ammoniata. Formerly some tinctures were called 
esse, it being thought that they contained only 
the or more refined portion, the alcohol leaving all the baser 
Saedpiee, such as the starch, gum, woody fibre, &c., undissolved : 
oe a still higher degree of this. These terms are now 
cs Ly seca beeps though retained in popular Elixirs 
differ a greater consistence: they are not unfre- 
uently turbid from i 


extractive os Phe “on 
distinguished into simple compoun ey 

po he one substance only is submitted to the solvent; 
compound, two or more are, Another important distinction 


tincture should be clear, possessing the colour of 
and partaking in an eminent degree of its 
taste. As a Rees, fre os me bee of 
be used for one of the solid material, which 
comminuted ing submitted to maceration. 
should be conducted in well-stopped glass 
for fourteen days, during which the 
shaken, and at the end strained. The 
percolation is also The pure tincture 
bottle, which should be 


old tinctures not unfrequently turbid, and of variab 
Thus tincture of opium when newly prepared contains 


ion of four fluid ounces to every sixteen 
After standing for twenty-four hours, the 


J 
j 


occasionally meeting with acids in the stomach, such as 


These vegetable juices always retain their purity, and are of the 
same degree of strength at last as at first. By this means not only is 
the process simplified, and the time required for their preparation 
greatly abridged, being reduced from fourteen days to two; but their 
medicinal efficacy is greater than that of the ordi tinctures, and, 
from containing less alcohol, they can be given in cases where the 
stimulating action of this principle interferes with the effect of the 
substance dissolved in it, or renders its exhibition improper, as in the 
case of young children. 

In preparing the officinal spiri/s, the directions of the Pharmacopoia 
are rarely complied with. Most chemists content themselves with 
dissolving some of the essential oil of the plant in alcohol of the 
requisite strength, by which much expense and trouble, as well as loss 
of time, are avoided. 

(See a a on The Best Method of Obtaining the Most 
Powerful Vegetable Preparations for Medical Use, by Edward Bentley.) 

TINNING; TIN-PLATE, The art of tinning, or of coating other 
metals with a thin layer of tin, so as to protect them from oxidation, 
was known to the ancients, although it does not appear to have been 
very extensively practised. During many centuries, England procured 
od ome from Bohemia and Saxony, where the manufactory was esta- 

ished near the tin-mines of the Erzgebirge mountains, which were the 
most extensive in Ew after those of Cornwall. From the time of 
the invention of tin-plate down to the close of the 17th century, if not 
later, both England and the whole continent of Europe depended upon 
the above-named countries for their supply of tin-plate; but about the 
year 1665 an attempt was made to introduce the manufacture into 
ag pe The manufacture was permanently established at,Pontypool 
in Monmouthshire about the year 1730, and soon afterwards in France. 
About 1740 the manufacture was brought to such perfection in England 
that very little was imported from foreign countries; the British 
manufacture was superior to the foreign in glossiness of surface, owing to 
the plates being drawn under a rolling-mill, instead of being hammered, 
as was common in those made beyond sea. The difficulty of extending 
iron, in what may be deemed the infancy of the manufacture, into thin 
uniform sheets, with a perfectly smooth and clean surface, which is 
essential to the adhesion of the tin in an equal film, was one of the 
principal obstacles to the progress of this department of the art of 


tinning. : 

The process of tinning depends upon the strong affinity which exists 
between tin and the metals to which it is applied. The tinning of 
sheet-iron, as the most important application of the process, will be 
first noticed. The finest English or Welsh bar-iron, prepared with 
charcoal instead of mineral coke, and known to the trade as tin-iron, is 
used for making tin-plates. This material is first made into flat bars, 
or slabs, about 30 inches long, 6 inches wide, and weighing eighty 
pounds. These bars are made red-hot, and extended by passing them 
repeatedly between rollers, until they are reduced to about 3-8ths of an 
inch in thickness. When cooled, the pieces are cut by shears, worked 
by machinery, into plates about 10 inches by 6, which are repeatedly 
re-heated and rolled, until they are reduced to as thin a state as the 
process will conveniently allow. The sheet is then doubled and again 
rolled until reduced in thickness one-half, after which it is doubled 
again, and rolled until still further diminished in thickness, When 

us brought to the required tenuity, the thin sheet is cut into plates 
of the sizes required to suit the market (most commonly about 13 
inches by 10), and then the several thicknesses or laminz are separated. 
After shearing, the plates are piled in heaps, one being laid cross-wise 
at intervals, to separate the number required to form a box. This 
name is technically applied to 225 plates in all the subsequent pro- 
cesses, although it is not until they are completed that the plates 
are actually placed in boxes, 

The next operation to be performed is the removal of every particle 
of oxide or other impurity from the surface of the plates, For this 
purpose each is steeped for a few minutes in a leaden trough con- 
taining a weak solution of muriatic acid, The plates are taken out, 
arranged on the floor in rows, and then removed, by means of an iron 
rod, toa oder ony 4 furnace or oven, in which they are submitted 
toared heat. The heat to which the plates are exposed, combined 
with their previous washing in the acid, causes them to throw off a 
scale of rust or oxide. The plates are then flattened by beating them 
upon a cast-iron block, and are submitted to a second or cold rolling, 
which removes any warping acquired in the previous processes, gives a 
high degree of smoothness to their surfaces, and imparts elasticity to 
the iron, After the cold rolling the plates are immersed singly, in a 
vertical position, in an acidulous preparation consisting of water in 
which bran has been steeped for nine or ten days, until it has fermented 
and become slightly acid. In this the plates are kept for ten or twelve 
hours, and occasionally turned, to insure an equal exposure of every 
part of their surface ; and from the lye-trough they are transferred to 
a leaden vessel containing diluted sulphuric acid. is trough and the 
lye-trough are slightly rages flues, to assist the action of the acid 
menstrua, The plates are usually agitated in the weak sulphuric acid 
for about an hour, until they become bright and free from black spots. 
They are then removed into pure water, in which they are scoured 
with hemp and sand, to remove any remaining oxide; and in this bath 
of pure water the plates remain until wanted for tinning; because, 
even if left for months, they will remain perfectly free from rust, 
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As the sole object of these operations is to cleanse the iron Certain metals may be coated with silver by dipping them into a bath 
from rust and dirt, it is evident that the Po ends so of before that of silver. 4s Wostvis hesual, 5 agua ian 
siderably ; but it is not necessary to notice ay = deviations | been of coating iron nails with . Some schemes have been 
from the usual process, The tinning of plates is in a | brought forward, in which an shock, instead of a steady 
range of cast-iron pots heated by flues, and forming galvanic current, is used to induce deposition of one metal on another, 
called the stow, The plates are removed one by one from | The trade or commerce in tin-plates is noticed under Tx Manurac- 


bath of pure water, and ee with bran, after which 


quantity of tin, 
. This consists in dipping them into a pot posses: Be 
quantity of pure grain-tin in a melted state, then rubbing them with a 
peculiar kind of brush made of hemp, plunging them again 
moment into the melted tin, and then into a pot filled with clean 
melted tallow. The heat of this second tin-bath melts and detaches 
the superfluous and coarser portions of the tin from the plates, and the 
drossy impurities rise to the surface; while the other portions unite 
with the grain-tin, The last dip serves to eradicate the marks of the 


en danke perf etal ff. Thick pla 

pot causes any superfluous m to run off. i ites 
require the tallow to be cooler than for thin ones, because they retain 
more heat in themselves. So soon as the workman employed in 


described, they are performed so rapidly, that an ex 
“sad tooth twenty-five boxes, or ‘five ‘eased the 


, 

contains enough melted tin to form a layer a quarter of an inch 

The selvage of tin being thus melted, is shaken off by a smart 

blow with a stick, leaving ay faint stripe, which may be discerned 

upon all finished tin-plates. ter listing, the plates are cleaned from 

grease by rubbing them, while yet warm, with dry bran; after which 
they are in boxes of wood or sheet-iron. 

‘The ing of the inner surfaces of cooking utensils and other 
vessels is performed by scouring the surface until it is perfectly bright 
and clean; then hea’ the vessel, in some melted tin and 
rolling it {about, and rubbing the tin all over the surface with a piece 
of cloth or a handful of tow: powdered resin is used, as in suldering, 
to prevent the formation of oxide, which would impair the mutual 
affinity of the metals. Pure grain-tin should be used for this , 
but it is frequently adulterated with lead. By this means vessels of 
copper, brass, and cast-iron are tinned internally, and thereby rendered 
fit for the most delicate culinary operations ; and in a similar way an 
small portions of iton-plate may be coated with tin. Bridle-bits, 
stirrups, and many other small articles, are tinned by immersing them 
in fluid tin, So also are pins, as described in Pry MANUFACTURE. Oy 

Analogous in many respects to tinning are several processes Ww 
have been Bete. | or described within the last few years. All of 
these relate to the — of a thin layer of one metal to a thicker 
portion of another. far as they are examples of bet le they 
will be found described under Exxcrrno-Meraturey LATING ; 
but most of them occupy a medium place between el ing and 
tinning. Messrs. Morewood and Rogers have obtained its for 
coating lead with zinc, depending on the difference of melting-points 
between the two metals. Lead may also be coated with tin or solder 
by sprinkling it with sal ammoniac, heating it, and rubbing a stick of 
tin or solder upon it. Tinned ten may even aor ¥ tinned iron, 

sprinkling the surfaces wit! -ammoniac, ing them, 

len in contact, and ng them between heated rollers. ves 4 
have been devised for coating iron with copper; bearing some 
analogy to that for making tin-plate; and the resulting uct has 
been recommended for use as a cheap substitute for co in roofing, 
sheathing, &c. Messrs. Grissell and Redwood have d a mode 

which this coating of one metal with another has been applied widely. 
Iron may be coated with zinc, silver, or copper ; and zine with such 
metals and alloys aa melt at a lower temperature. The softer material 
is fused ; the surface is sprinkled with any one tere agi ed chlorides 
or sulphates; and the harder plate is dipped into the molten metal. 
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But most 
frequently the sensation is due to some disordered state of the auditory 
nerve, and is entirely subjective. It isthus perceived in some diseases 
of the brain, in nervous and in those who are much debili- 


fe be he pony pce gi le Pen Pig ee 
which pert of the tesla gpmgeliions 
part e i 
TISRI, the first Jewish month in civil reckoning, is written in 
Hebrew WF). The name is not mentioned in the Bible, but it is 
of 


with our September or October: the present year, 

1861, ft will begin on the 6th September and end on the 4th October. 

The first day of the month must not be either Sunday, or Wednesday, 

this from occurring, 

ntl Meacheves ar ee Se added or subtracted. 
ato ent 


observed on another day in such cases, Another fast is kept on 
third of the month for the murder of Gedaliah, who was made 

of the Jews by the Babylonians after the capture 
x1, xli,) The feast of Tabernacles is celebrated from the 15th to the 
21st of the month, as directed in the 28rd chapter of Leviticus, as a 
rejoi at the close of the harvest. A feast for the of the 
law, and for the dedication of the Temple by Solomon, is held on the 
22nd day; in the 8th chapter, 2nd verse, of the Ist book of 


where this is related, the month is called Ethanim. (But; Eraanim. 
TITANIC ACID, [Trranrum. 
TITANIUM (Ti). metal not occur in the free state in 


nature, but as a binoxide (titanic acid) it is not uncommon. In the 
i wi oe ee 


iron-ore, of which are found in various parts world. 
(Trraxrum, in Nat. Hist. Drv.] The variety known as ilmenite is 
met with in quantity, in At Bay St. Paul, on the St. 
Lawrence, ilmenite is found in large beds from one to three hundred 
feet long, and ninety feet thick. It is massive, of sp. gr. 4°6, and con- 
tains, according to an analysis by Mr. 8. Hunt :— 
Titanicacid =. « + 6 « « 48°60 
Protoxide ofiron . . + « « « 87°06 
Peroxide of iron . ‘ . - 10°42 
Magnesia ‘ ° ‘ ‘ ‘ + . 860 
99°68 


Another kind of titaniferous iron-ore is met with in enormous - 
tity in New Zealand, forming, in the state of fine sand, a beach at New 
es inextent. The foll of i 
taken from different parts of the deposit, cate 
nature of this deposit :— 
Oxide ofiron « . eo . 
Titanic acid « ‘ . . . 


Fé 


Oxides of iron. ‘ ‘ ‘ ‘ 
Titanic oxide , . ‘ . . 
Band , . . 5) pe ‘ . 


A combination of — and nitride of titanium (TiCy,8Ti,N) in 

the form of reddish- metallic-looking cubes, is nearly always 

found among the slags and cinders that occur in the bottom of iron 

furnaces. ese crystals are hard to scratch agate, and are 

arn only by a mixture of nitric and hydrofluoric acid, or by fusion 
h nitre, 

Titanium may be isolated by sodium in the ur of bichlo- © 
ride of titanium. The small thus obtained are soluble in hydro- 
chloric acid with evolution of nitrogen. 

The equivalent of titanium is 25, 

Oxygen and titanium appear to form three compounds = 

Protoxide of titanium (TiO).—When titanic acid is toa 
strong heat, a portion of it loses oxygen, and a black mass is formed, 
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which is probably the xide. It has an earthy fracture, is insoluble 
ids, and is di to reconvert to the titanic acid. It has been 

already mentioned in the Natural History Division of this Cyclopedia” 
that anatase is probably the sgrowniae of titanium. : 

iowide of titanium (Ti,0,=TiO, TiO,),—When rutile or titanic 
in by ric acid, a piece of zinc immersed in the 
solution occasions the formation and precipitation of a deep purple- 
coloured powder, which is hydrated sesquioxide of titanium, It 
returns to the state of peroxide very rapidly, It is slightly soluble in 

ic acid, forming a blue solution, - 
Peroxide of Titanium, Titanic Acid (TiO,).—Rutile is titanic acid 
; when it is reduced to fine powder and fused in a platinum 
le, with three times its weight of carbonate of potash, titanate of 
potash is obtained; mixed with some excess of carbonate of potash ; 
this is to be removed by washing with water, and titanic acid is then 
i by dilution and heat; after washing with dilute hydro- 
chloric acid it is nearly pure, It is quite white, very infusible, and 
after it has been heated is soluble only in hydrofluoric acid. Its acid 
are feeble; it is insoluble in water, and does not act on vege- 
; it combines, however, with alkalies and metallic oxides, 
forming salts which are termed titanates. 
Titanic acid somewhat resembles stannic and silicic acids. It may be 


separated from the latter by fusion with bisulphate of potash and sub- 


uent solution of the mass in water, silica remaining insoluble. 

i ide of Titanium (TiCI,) is formed when chlorine gas is passed 
metallic titanium at a red heat, It is a colourless transparent 
ils at 277°, and is volatilised, and condenses unchanged, When 
the air it deliquesces, and when a few drops of it are mixed 
ual bulk of water, combination takes place with considerable 
and the evolution of intense heat, It absorbs dry ammoniacal 
ammonio-cbloride of titanium (2NH,, TiC). 
Titanium,—Tineture of galls or ferrocyanide of potassium 
hen added to a solution of titanic acid, an orange-red pre- 


The other compounds of titanium are but little known. The metal 
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yperion, Iapetus, Kronos, Thetys, Rhea, 
Themis, Mnemosyne, Pheebe, Dione, and Theia (Apollodor., ‘ Biblioth.,’ 
i.1, 3; Diodorus Sie., v, 66); but writers, as Stephanus of Byzantium 
(a. v. “Adava), Pausanias (viii, 37, 3), and others, differ both in the names 
and numbers of the Titans. Uranus had by Gaea two other sets of 
children, namely, the Hecatoncheires (centimani, or beings with a hun- 
dred arms), and the Cyclops; and these two he cast into Tartarus, at 
which Gaea, their mother, was so indignant that she induced Kronos 
and the Titans to reyolt against their father, Uranus, with the result 
told under Kronos. When Zeus, in his turn, made war 
against his father, Kronos, the latter again called the Titans to his aid. 
ensued, which lasted for ten years, and is celebrated in 
as the Titanomachia, or war of the Titans. It was termi- 
nated by Zeus relieving the Cyclops from Tartarus, and by his gaining 
the victory over the Titans, who were now cast 
into Tartarus, and were ed there by the Hecatoncheires, while 
and his brothers divided the sovereignty of the world among 
(Apollodor., ‘ Biblioth.,’ i. 1 2.) 
name Titan has also been given to those superhuman beings 
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were descended from the Titans, such as Prometheus, Hecate, 

Pyrrha, Helios, &c, It moreover occurs as a designation of a 
rer ary oe of in Crete and Egypt. 

( Ag mus; Bottiger, Jdeen sur Kunatmythologic ; 

des Japetischen Geschlechtes.) 

the tenth part of the increase yearly arising and 

me at tha tehahltents, oot angel ea ckioto ae 

, and are offeri able to the 

Under the Jewish ch : 
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their new faith, the church to obtain the enactment of laws 
compel the payment of tithes. In England, the first instance of a 
w for the offering of tithes was that of Otfa, king of Mercia, towards 
of the 8th century. He first gave the church a civil right in 
tithes, and enabled the clergy to recover them as their legal due. The 

Offa was at a later period extended to the whole of England by 
King Ethelwulph, (Prideaux, ‘On Tithes,’ 167.) 
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At first, though every man was obliged to pay tithes, the particular 
church or monastery to which they should be paid appears to have 
been left to his own option. In the year 1200, however, Pope Inno- 
cent III, directed a decretal epistle to the archbishop of Canterbury, 
in which he enjoined the payment of tithes to the parsons of the 
respective parishes, This parochial appropriation of tithes has ever 
since been the law of England. (Coke, 2 ¢ Inst,’ 641.) 

The tithes thus payable were of three kinds—predial, mixed, and 
persmal, Predial tithes are such as arise immediately from the 
ground, as grain of all sorts, fruits, and herbs. Mixed tithes arise 
from things nourished by the earth, as colts, calves, pigs, lambs, 
chickens, milk, cheese, and eggs. Personal tithes are paid from the 
profits arising from the labour and industry of men engaged in trades 
or other occupations ; being the tenth part of the clear gain, after 
deducting all charges. It is sometimes stated that personal tithes 
seem to have been generally commuted for the more moderate tribute 
of Easter Offerings; unless in fishing-towns, or other places where 
peculiar circumstances have caused a continuance of the primitive 


Tithes are further divided into great and small, The great tithes 
consist of corn, hay, wood, &c. ; the small tithes consist of the pradial 
tithes of other kinds, together with mixed and personal tithes, This 
distinction is arbitrary, and not dependent upon the relative value of 
the different kinds of tithe within a particular parish. Potatoes, for 
instance, grown in fields, have been adjudged to be small tithes, in 
whatever quantities planted ; while corn and hay in the smallest por- 
tions still continue to be treated as great tithes. The distinction is of 
material consequence, as great tithes belong, of right, to the rector of 
the parish, and small tithes to the vicar. : 

No tithes are paid for quarries or mines, because their products are 
not the increase, but are part of the substance of the earth, There 
may, however, be tithes of minerals by custom, Neither are houses, 
considered separately from the soil, chargeable, as having no annual 
increase, By the common law of England no tithe is due for wild 
animals such as fish, game, &c.; but there are local customs by which 
tithe has been paid from such things from time immemorial, and in 
those places such customary tithes may be exacted. Tame animals, 
kept for pleasure or curiosity, are also exempt from tithes. 

Tithes were originally paid in kind, that is, the tenth wheat-sheaf, 
the tenth lamb or pig, as the case might be, belonged to the parson of 
the parish as his tithe. The inconvenience and vexation of such a 
mode of payment are obvious, but no attempt had been made in this 
country, til very recently, to introduce a general improvement in the 
mode of collection, The inconvenience of paying tithes in kind must 
long since have been felt, and certain modes of obviating it were occa- 
sionally practised. Sometimes the owner of land would enter into a 
composition with the n or vicar, with the consent of the ordi 
and the patron of the living, by which certain land should be altogether 
discharged from tithes, on conveying other land for the use of the 
chureh, or making compensation. In other words, the owner of the 
land purchased an exemption from tithes, Such arrangements between 
landowners and the church were recognised by law; but it was found 
that they were often injurious to the church by reason of an insufficient 
yalue being given for the tithes. The acts 1 Elizabeth, c. 19, and 13 
Elizabeth, c. 10, were accordingly passed, which disabled archbishops, 
bishops, colleges, deans, chapters, hospitals, parsons, and vicars, from 
making any alienation of their property for a longer term than twenty- 
one years or three lives. In order to establish an exemption from 
tithes on the ground of a real composition, it is therefore necessary to 
show that such composition had been entered into before the statutes 
of Elizabeth. Since that time compositions have rarely been made, 
except under the authority of private acts of parliament. 

Another method of avoiding the payment of tithes in kind was by a 
modus decimandi, commonly called a modus. This consists of any 
custom in a particular place, by which the ordinary mode of collecting 
tithes has been superseded by some special manner of tithing. In some 
parishes the custom has prevailed, time out of mind, of paying a certain 
sum of money annually for every acre of land, in lieu of tithes, In 
others, a smaller quantity of produce is given, and the residue is made 
up in labour, as every twelfth sheaf of wheat instead of the 10th, but 
to be housed or threshed by the tithe-payer. 

A large portion of the land of England and Wales is tithe-free from 
various causes. Some has been exempted under real composition, as 
already explained, and some by prescription, which supposes a com- 
position to have been formerly made. The most frequent ground of 
exemption is that the land once belonged to a religious house, and was 
therefore discharged in the following manner :—All abbots, priors, and 
other heads of religious houses, originally paid tithes from the lands 
belonging to them, until Pope Paschal Il. exempted all spiritual per- 
sons from paying tithes of lands which were in their own hands. This 

meral discharge continued till the time of King Henry I, when 
| see Adrian IY. restrained it to the three religious orders of Cister- 
cians, Templars, and Hospitalers, to whom Pope Innocent III. added 
the Pramonstratenses. These four orders, on account of their exemp- 
tion, were commonly called the privileged orders. The Council of 
Lateran, in 1215, further restrained this exemption to lands in the 
occupation of those religious orders of which they were in possession 
before that council. Bulls were, however, obtained for discharging 
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particular monasteries from the payment of tithes, which would not | are entitled to claim as their t, in consequence of certain 
otherwise have been exempt; by which means much land has been inherent in them. Ther tary in | manner corres the 


ever since tithe-free. Another mode by which lands belonging to 
religious houses became not liable to the payment of tithes was that of 
tsnity of possession ; as where the lands and the rectory belonged to the 
same establishment, which would not, of course, pay tithes to itself. 
Yet the lands were not absolutely discharged by this unity of posses- 
sion, for, upon any disunion, the payment of tithes was revived; so 
that the union only suspended the payment. The act 31 Hem VIII. 
¢. 13, which dissolved several of the religious houses, continued the 
discharge of their lands from tithes, though in the possession of the 
king or any other person by grant from the crown; and, in conse- 
quence of this, the lands of many laymen which were granted by the 
crown are tithe-free, and the right to tithe and the property in many 
rectories are vested in laymen. Many monasteries had previously been 
dissolved by act of parliament, but as no such clause as that contained 
in the 31 Hen. VIII. had been introduced into other acts, the lands of 
the monasteries dissolved by them became chargeable with tithes. 

The payment of tithes in kind has been a cause of constant dispute 
between clergymen and their parishioners. With the best intentions 
on both sides, the very nature of tithes is such, that doubts and diffi- 
culties must arise between them: and even where there is no doubt, 
the form and principle of payment are odious and discouraging. Com- 
mutation of the tithes has accordingly been attempted and been 
found most successful. Dr. Paley, who saw so clearly the evils of 
tithes, himself suggested this improvement. “No measure of such 
extensive concern appears to me so practicable, nor any single altera- 
tion so beneficial, as the conversion of tithes into corn-rents. This 
commutation, I am convinced, might be so adjusted as to secure to 
the tithe-holder a complete and perpetual equivalent for his interest, 
and to leave to industry its full operation and entire reward.” (‘ Moral 
and Political Philosophy,’ chap. xii.) This principle of commutation 
was first proposed to 4 applied by the legislature to Ireland. In 
addition to the common evils of a tithe system, that country was 
labouring under another. The mass of the people, who are Roman 
Catholics, were paying tithes to a Protestant clergy. Resistance to 
the payment of tithes had become so general that a commutation was 
deemed absolutely necessary for the safety of the church of Ireland. 
It was recommended by committees of both houses of parliament in 
1832, but not finally carried into effect until 1838. 

The statutes for the general commutation of tithes in England are 
the 6 & 7 Wm. IV. c. 71, the 7 Wm. IV., and 1 Vict. c. 69, the 1 & 2 
Vict. c. 64, the 2 & 3 Vict. c. 32, and the 5 & 6 Vict. c. 54. Their 
object is to substitute a rent-charge, payable in money, but in amount 
varying according to the average price of corn for seven preceding 
years, for all tithes, whether payable under a modus or composition, or 
not. A voluntary agreement between the owners of the land and of 
the tithes is first promoted, and in case of no such agreement, a com- 

ry commutation is effected by tithe-commissioners; provision 

ing made for the valuation and apportionment of tithe in every 

ish of England and Wales. Land not exceeding 20 acres may also 

given by a parish, on account of any spiritual benefice or dignity, 

as a commutation for tithes to ecclesiastical persons, but not to lay 
impropriators. 

The — and final commutation of tithes must be regarded as a 
most valuable measure. It is perfectly fair to all parties, and is calcu- 
lated to add security and permanence to the property of the church, 
and to remove all grounds of discord and jealousy between the clergy 
and their parishioners. Nor must we omit to mention an improve- 
ment in the mode of recovering tithes, consequent upon the commuta- 
tion. There were formerly various modes of recovery, in the ecclesi- 
astical as well as in the civil courts, and before justices of the peace, 
all more or less leading to unseemly litigation. The present mode of 
recovering the rent-charge, if in arrear, is by distraining for it upon 
the tenant or occupier, in the same manner as a landlord recovers his 
rent; and if the rent-ch shall have been forty days in arrear, 
possession of the land may be given to the owner of the rent-charge 
until the arrears and costs are satisfied. Indeed, the whole principle 
of the Tithe Commutation Act is to strip tithes of the character of a 
tax, and to assimilate them as much as possible to a rent-charge upon 
the land. [Tiratnc; Sarme.] 

TITHING (Tithinga, from the Saxon, Theothunge) is an ancient 
municipal division of land in England under the Saxon kings. The 
whole country was divided into tithings and hundreds by Alfred the 
Great. The former was a district containing ten heads of families ; 
the latter comprised ten tithings, or one hundred heads of families. 
Every tithing had its chief man annually appointed to preside over the 
rest, who was called the tithing-man or borsholder, and sonietimes the 
headborough or borough's Fg Each of these little communities 
was bound to keep the peace within their own jurisdiction, and the 
members were msible for each other. So important were these 
associations deemed to be, that no man was allowed to abide in England 
above forty days without being enrolled in some tithing. Although 
the institution long ceased, the name and division are still retained 


in man wy; of England. 
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TITLE-DEEDS. woonon AND PURCHASERS. 
TITLES OF HONOUR are words or phrases which certain persons 


variety of the dignities, or, in other words, with the rank of the 
eer. ree — ror, King, Czar, esorttngd a of honour, and 
© possessors of the hi represen’ these words are, 
the common consent of the civilised world, entitled to be so d 
nated, and to be addressed by such terms as Your Majesty and Your 
Royal Highness. These are the terms used in England, and the 
phrases in use in other countries of Europe do not much differ from 
them. In fact one European nation seems to have borrowed from 
another, or all to have taken their titles of honour for this exalted 
rank from a common original ; so that little of the peculiar genius of 
the European nations can be traced in the terms by which nt ee 
their respect for the persons of, highest dignity. But it is di 
when we come to compare them with the Oriental nations. In those — 
seats of ancient civilisation the most extravagant terms of compliment 
are in use, and a little sovereign of a wandering tribe rejoices in titles 
of honour numerous and inflated in the highest degree, In the series 
of Roman emperors, the word Cesar, originally the name of a family, 
e a title of honour; Augustus was another; and Pater Patria a 
The five orders of nobility in England are distinguished by the titles 
of honour, Duke, Marquess, Earl, amg and Baron ; and the persons 
in whom the dignity of the peerage inheres are entitled to be desig- 
nated by these words, and in any legal proceedings are to be thus 
designated; that is, the law or the custom of the realm guarantees to 
them the possession of these terms of honour, as it does of the dignities 
to which they correspond. They are also entitled to be addressed by 
such phrases as My Lord, My Lord Marquess, My Lord Duke, and they 
have usually prefixed to their titles, Yr so called, certain 
as High and Mighty Prince, Most Noble, Right Honourable, 
with the kind and degree of the dignity possessed by them. 
other members of the families of peers have also their titles of honour. 
Thus the lady of a peer has rank and titles corresponding with those of 


- 


al 


the husband. All the sons and daughters of — are Honourable, 
but the daughters of earls and of a higher dignity are entitled to 
the distinction of being called Lady, and the younger sons of dukes and 


marquesses are by custom addressed as My Lord. 

The orders of nobility in other European countries differ little from 
our own. They have their Dukes, Marquesses, Counts, Viscounts, and 
Barons. We cannot enter into the nice distinctions in the dignities of 
foreign nations, or in the titles of honour which co md to them. 

The Baronet, which is a new dignity, not having been known 
before the reign of James I., has, besides its name, which is 
after the name and surname of the person spoken of, the — of 
prefixing Sir; and their wives are entitled to the prefix of e, and 
to be addressed as My Lady and Your Ladyship. The title is, like 
the titles of peers, hereditary. 


Another dignity which brings with it the right to a title of honour is 
that of Knighthood, and this is not hereditary. This 7 is of 
ancient origin, and, in the form in which we now see it, may be 


traced far into the depths of the middle ages, if it be not, as some 
suppose, a continuation of the Equites of Rome. Persons on whom 
this honour is conf take rank above the gentlemen and esquires, 
and are entitled to the prefix Sir to their former name and surname, 
Their wives ag’ also velatie ame — tie grag a ~— 
addressed by the compellation Your lyship or 
knights of particular orders, as of the Garter, the Thistle, St. Patrick, 
the Bath, are a kind of select number of the body of the knighthood; 
and the name of the order to which they belong is ordinarily used by 
and of them, and thus becomes of the nature of a title of honour, The 
Bannerets of former ages were a class of knights superior to the ordi- 
nary knight-bachelor, forming in fact an order intermediate between 
the knight, in its ordinary sense, and the baron. 

Besides these, there are the ecclesiastical dignities of rgat and 
Archbishop, which bring with them the right to certain titles of 
honour besides the phrases by which the dignity itself is desi 
And custom seems to have sanctioned the claim of the persons who 
possess inferior dignities in the church to certain honourable titles or 
compellations; and it is usual to bestow on all persons who are 
admitted into the clerical order the title of Reverend, 

There are also academical distinctions which are of the nature of 
titles of honour, although they are not usually considered to fall under 
the denomination. Municipal offices have also titles yee ara | 
them; and in the law there are very eminent offices the names o: 
which become titles of honour to the possessor’ of them, and which 
bring with them the right to certain terms of distinction. 

titles of honour appear to have been original y names of office, 
The earl in England in former ages substantial duties to perform 
in his county, as the sheriff (the Vice-Comes or Vice-Earl) has now; 
but the name has agree Pe ile the peculiar duties ine gone, igh 80 
it is with res to other ities. @ emperor or , the highest 
dignity hie Europe, still performs the duties which oueealy 
$eloingall to the office, or at least the most important of them, as w: 
as enjoys the rank, dignity, and honours; and on the Continent there 
are dukes and earls who have still an important political character. . 

Whoever wishes to study this subject in all its details, will do well 
to resort to two great works: one, the late ‘ Reports of the Lords’ 
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on in the United States of America. The plant 
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Committees on the dignity of the Peerage;’ the other, the large 
treatise on ‘ Titles of Honour,’ by the learned Selden. The latter was 
first printed in 4to, 1614 ; again, with large additions, folio, 1631. 

TOBACCO CULTURE "AND TRADE. Tobacco is oop Boe 
name of the plants belonging to the Monopetalous genus Nicotiana. 
name used by the Caribbees for the pipe in which 
is word was transferred by the Spaniards to the 
The genus Nicotiana contains about forty species, most of 
tobacco for smoking, and many of them cultivated in 
. The name Nicotiana was given to these plants 
Jean Nicot, of Nismes,in Languedoc, who was an agent of the 

in Pi and there procured the seeds of the tobacco 
Dutchman who had procured them in Florida, Nicot sent 
France in 1560. 
botanical characteristics of the tobacco-plant are described under 
TCOTIANA in the Nat. Hist. Dry.; its medical uses are discussed 
under Nicottaya TasacuM in the present Division ; and its chemical 
properties under Nicormz. We need scarcely revert to the following 
points: that the common Virginian tobacco, the Nicotiana tabacum, is 
the chief kind; and that the Orinoco, Turkish, and Persian are the 
kinds ranking next in extent of use. 

Oultivation.—The cultivation of tobacco is most extensively carried 
requires considerable 
heat to come to perfection; but with care and attention, and by treat- 
ing it as an exotic, it may be very successfully cultivated in much 

climates. least frost injures it. The seeds of the tobacco- 
-bed, and carefully protected from 
purpose straw and fern are used. When once the 
frosts is over, they may be safely transplanted into 
been in with intervals between 
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perfection ; that is, from May to 
ered before there is any danger 
single white frost would spoil the whole crop, and 
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most commonly they are left to sweat for three 
then moved and hung up to dry in sheds which 
it of air but keep out the rain. Every tobacco- 
ings, proportioned to the extent of the culti- 
In some places the leaves are now stripped off the stems and 
strung on packthread to dry. In others the whole plant is hung on 
in rows at distances, and fixed on laths which run 
the When ot ary are quite dry they are removed 
fap sen, Thor eetalan the air is very dry the leaves would 
are laid in heaps ou hurdles and covered over, that 
may sweat again, which do but slowly, The heaps are care- 
from time to to see that they do not heat too 
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much ; and, according to the season and the nature of the plants, 
whether more or less filled with sap, they remain so a week or a 
fortnight. If the leaves were not stripped off at first, they are taken 
off now, when the proper fermentation is completed. They are sorted; 
those which w on the top of the stem, in the middle, and at the 
bottom, are luid separately, as being of different qualities. They are 
tied together in bundles of ten or twelve leaves, again dried carefully, 
ranged in casks horizontally, and pressed in, by means of a round 
board, by lever or screw, as soon as a certain quantity has been laid in; 
the pressure is equal to that of a weight of several tons. This is 
essential to the safe transportation of the tobacco; and it is thus that 
the great bulk of it arrives from the places where its cultivation is 
most extensive, as in America, 

The finest tobacco, however, is made into rolls, which from their 
shape are called carrots. The leaves are placed together by large 
handfuls, and wound very tightly round by strips of fibrous wood or 
prrmna 5 arco at a time when the air is somewhat moist; they partially 
consolidate, and require only to be rasped to make the finest and most 
genuine snuff, 

The refuse stems of the tobacco are sometimes burned ; but it is 
best to let them rot in the ground, where they are converted into good 
manure for the next crop. From the high state of cultivation of the 
land, it is left very rich for any other crop after the tobacco; but as 
this is quite a garden cultivation, the tobacco recurs very soon on the 
same ground ; the abundant manuring and deep trenching prevent any 
bad effects from this uent recurrence. 

Manufacture—Tobacco is packed in hogsheads for shipment: it is 
done with the care, each bundle being laid separately. They 
are ranged side by side, and the direction of the points of the leaves is 
reversed with every alternate row. When the cask is about one-quarter 
filled, the tobacco is compressed by a powerful lever-press, which 
reduces the thickness of the layer from Boer twelve inches to three ; 
and the pressure is continued several hours, that the tobacco may 
become so consolidated as not to spring up again when it is removed. 
In this way the cask is filled, by successive stages, until it contains a 
mass of tobacco-leaves so dense and compact, that a hogshead 48 inches 
wee and 30 or 32 inches in diameter, will contain 1000 lbs. 
weight. 

U the arrival of the tobacco in this country it is conveyed to 
ual caanahonand, Those of the metropolis, which are of immense 
extent, are situated chiefly at the London Docks, where every cask is 
opened to examine its contents, and to remove any tobacco which may 
have been injured in the passage. This ment is due to the 
operation of the high im uty, which renders it better for the 
owner to sacrifice tobacco that may have become impaired in value than 
to pay the duty upon it. For the purpose of examination, the head of 
the hogshead is knocked out, some of the staves are loosened, and the 
hogshead is taken completely off from the tobacco, If it be found 
that, from defective packing, Bo the action of sea-water, or from any 
other cause, part of the surface has become so injured as not to be 
worth preserving, such part is removed, with large powerful cutting 
instruments, by small quantities at a time. This requires considerable 
power, owing to the intense compression of the tobacco, especially 
upon the cylindrical sides of the mass, where the cutters act across the 
direction of the stalks and leaves. The da tobacco thus removed 
is consumed in a furnace on the premises. The remainder of the mass 
is accurately weighed, and then returned into the hogshead. 

The manufacture of the tobacco-leaves into the numerous varieties 
of tobacco for smoking in pipes—consisting of the leaf cut up into 
shreds or filaments, usully divested of the stalk ; into cigars, which 
are bundles of the tobacco-leaf rolled compactly together into a con- 
venient form for smoking ; and into snuff, which consists partly of the 
stalks of the leaves, and partly of the leaves themselves, cut and ground 
into the state of powder—is usually conducted by three distinct classes 
of traders. 

The first operation performed upon a hogshead of tobacco, after it 
has been removed to the manufactory and opened, is the digging out 
of the solid tobacco with iron instruments. The pieces thus detached 
are then sprinkled with water, which facilitates the separation of the 
small bundles from each other, and also of the leaves compusing each 
bundle. Ifthe tobacco be of the kind called hand-work,—that is to 
say, with the stalks remaining attached to the leaves,—it must now be 
stripped, unless indeed it be required for the production of a kind of 
tobacco called bird's-eye, which contains a portion of stalk as well as 
leaf. The removal of the stalks is usually effected in England by 
women or boys, who fold the leaf along the middle, and, by means of a 
small instrument, separate the stalks from the leaves, and lay them 
aside in different heaps. To prepare them for being cut into shreds or 
filaments, the leayes are pressed together in large numbers in the form 
of a cake, during which operation they are occasionally moistened, not 
only to enable them to cake r the more readily, but also in 
order to improve the “pee Pa vour of the tobacco. The details 
of the machinery empl for compressing and cutting the tobacco 
vary in different Bess ra bee Originally the cutting apparatus con- 
sisted simply of a long knife worked by hand. Hand-engines were 
then introduced, and such are still rtially used, in which the knife is 
moved by a train of machinery, which also shifts the cake of tobacco 
between each-cut, so as to make it ready for the next. This kind of 
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eutting-engine is turned by a winch-handle, and the motion is regulated 
by « fly-wheel. Horses have been applied to a similar machine ; and, 
lastly, steam-power has been brought to the aid of the manufacturer, 
leaving the attendance of men necessary only to place the cake in the 
engine, to attend to it while at work, and to remove the cut tobacco, 
Generally speaking, all of these machines act upon the same principle. 
The cake of leaves is laid upon an iron bed, which is susceptible of a 
slow ve motion, and another part of the mechanism gives 
motion to the knifa The of the cake is about two inches; the 
thickness of the film taken off by each stroke, and consequently the 
fineness or coarseness of the its of tobaceo, is regulated by 
alterations in a train of cog-wheela. 

Many circumstances combine to account for the different qualities 
and appearance of the numerous varieties of tobacco used for smoking. 
Tobaceos raised in various places naturally present some points of 
difference; variations will, as already shown, appear in different parts 
of the same crop; and the retention or rejection of the stalk, the 
nature and extent of the moistening, and the degree of fineness of the 
fibres, occasion still further differences. A coarse variety called shag, 
which is used both for chewing and smoking, is formed of the darkest- 
coloured leaves, well liquored, which darkens them still more. Pig-tail 
tobacco consists of a rope or cord, about as large as the thicker end of 
# tobaceo-pipe, and as long as the manufacturer can conveniently make 
it. It is produced by a process similar to spinning, and requires the 
simultaneous aid of 4 man and two boys. 

The manufacture of cigars is described in another article. [Cicar 
Mancractore. } 

Snuff is made either from stalks only, from leaves only, or from a 
mixture of the two. Thafknown as Scotch snuff is made either wholly 
of stalks, or with a very small admixture of leaves. High-dried 
stuffs owe their peculiar qualities chiefly to a degree of drying which 

a scorched flavour to them; and innumerable varieties are 
oe d by the choice, mixture, and preparation of different tobaccos. 
ost of the snuff made near London is ground in mills whose machi- 
ery is impelled by the river Wandle, near Mitcham im Surrey. In 
these mills two kinds of grinding-machine are employed. One consists 
of two cylindrical stones, sev: feet in diameter, and one or more in 
thickness, set up on edge, side by side, upon a circular slab or bed. 
These stones have a two-fold motion imparted to them, resembling 
” that of a carriage wheel compelled to revolve in a small circle. The 
effect of this peculiar motion is a grinding action upon the bed where 
the snuff is laid, peculiarly adapted to the required purpose, Some 
kinds of snuff, however, are better ground by the other sort of machine, 
which consists of a kind of rolling pestle, set in motion by an ingenious 
train of wheels and set of jointed arms or levers. Little is done at the 
snuff-mills beyond a —. drying of the tobacco and the actual 
inding ; but the snuff usually receives some finishing operations 
You the maker after it leaves the mill. 

Tobaceo Trade—The discoverers of the New World learned the habit 
of smoking tobacco from the natives; and on their return the practice 
was at first introduced into Spain and Portugal, and soon spread to 
other parts of the Continent. The settlers who nied Raleigh 
on his expedition to colonise Virginia, which returned unsuccessful in 
1586, introduced the habit into England. Before the establishment of 
the colony of Virginia in 1606, all the tobacco imported into this 
country was raised by the Spaniards in the West India Islands, King 
James's invectives against the use of this weed are now curious matters 
of history. In 1604 he took upon himself, without the consent of 
Parliament, to raise the duty on tobacco from 2d. to 6s. 10d. the lb. 
In 1615 the colonists of Virginia regularly betook themselves to the 
cultivation of the tobaceo-plant, abandoning the manufacture of ashes, 
soap, glass, tar, and the planting of vineyards, which they had already 
commenced, James felt that, without abating his well-known aversion 
to tobacco, in the infancy of the colony this proceeding of the planters 
must be tolerated. In the first instance he commanded that the pro- 
duction of tobacco should not exceed the rate of a hundred-weight for 
each individual planter. The cultivation was forbidden in England, 
and the plants already growing were ordered to be uprooted. At the 
sare titne he confined the right of importing the commodity to such 
persons as he should license for the purpose, In the last year of his 
reign the exclusive supply of the English market was given to the 
English plantations in America. 

ing Soma de 178 of oe tle mateo a allowed to be 
in En . In 1786 to’ id an import duty of 10d. 

.; it was raised to 1¢. 3d. in 1787, 1s. 7d. in 1796, ps4 boy gradeoal 
steps to 4s, in 1815, at which it remained till 1825. In the last-named 

the duty was lowered to 8¢, if from foreign countries, and to 

. Od. if from British possessions. The discriminating duty was after- 
wards removed, the British was raised to the same rate as the foreign, 
and the duties settled down at these rates—3s. on unmanufactured 
tobacco, 64. on snuff, and 9+. on cigars, plus 5 per cent. Down to 
1825 an excise as well as a customs duty was levied on tobacco; but in 
that year the former waa removed, except in so far as concerned a 
license for the traders and a supervision of the trade. Great restrictions 
are placed on the im on, Specified ports, about thirty ih number, 
ate alone permitted to import tobacco. The importer is not compelled 
to pay the duty at once; he may allow the tobacco to remain in bond, 
in the queen’s warehouses at the several ports, for any space of time 
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in very extensive demand in the 
chewing or plug tobacco, and is put 
Those exhibited wei 38 lbs., 
different names i 
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tity of tobacco imported into was 
about 7,000,000 Ibs.; in 1796 it rose to 10,000,000 Ibs, ae the 
from 11, 


7 
import was never less than 33,000,000 Ibs. In 1860 the 
otis eagle pee pera tar ar de was retained 
sumption id duty, the rest re-exported. This quantity is 
a little more than 1 Ib. per head por sana for tha whole popalation 
TOBACCO, ACTIVE PRINCIPLE OF. [Nicormye. 
TOBACCO-PIPE MANUFACTURE. The materials of which 
tobaceo-pipes are formed are very numerous. White and coloured 
earths, porcelain, metals, ivory, horn, shell, costly woods, agate, cor- 
nelian, talc, and amber, are among the substances which have been 


used for the teal 8% The forms admit of equal 3 but 
the most remarkable is the oriental hookah, in which the smoke 
purified by passing through water. 


of a fine-grained plastic white clay, which is called, from this a 
cation, pipe-clay. Tt is procured chief, ly from Purbeck in 
is purified from all fo’ substances by working it with water 


some time to dry, and when the clay is sufficiently firm, they are sub- 
jected to the curious process of . The wetouont 
of clay in his left hand, and with his right inserts the end of an iron 
needle, previously oiled, in the small end of the roll, and by dexterous 
management thrusts the needle through the whole length of the roll 
without penetrating the surface, The bulb is then bent into the 
position to form the bowl, and the piece of clay, with the needle 
remaining in it, is pressed into a mould to complete its form, 
Tobacco-pi: are formed either of copper, brass, or iron, and 
each consists of two precisely similar halves, with projecting pins in 
one half, and corresponding holes in the other, w ich ‘ensure their 
exact union, On their inner surfaces, which are hollowed so as to 
fit the finished Pipe, may be added 4! ornamental device or in- 
scription. One half of the mould being laid flat, the pipe is placed 
in it, covered with the other half, and then firmly pressed, The 
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is partially hollowed the , and completed by the inser- 
lore oiled ig Mar e wire is thrust and 
forwards until it visible in the bowl. The wires are now 


withdrawn, and the pi are taken out of the moulds, slightly 
smoothed over, and laid aside to dry. After drying for a day or two, 
any remaining roughness is removed by means of an instrument of 
bone or hard wood; and then the pipes are sometimes moulded a 


in the stem ; but before going to the kiln they are slightly bent. It 
is said that a clever pipe-moulder will make three thousand five 


i le or sagger, with a 
top, and a circular opening in one side for the insertion 


finish, 
gross of pipes per da: or about 120 millions in a year. : 
remarkable kind of pipe for smoking is described under 


TOD, an old measure of wool, fixed at two stones, or 28 pounds avoir- 
i As usual, there are 


come from 
ydia; and that at least a particular kind of toga (the toga pretexta) 
was introduced at Ro’ 


sive privilege of Roman citizens of every age and sex. (Servius, ‘ Ad, 
Ene i 283.) Slaves, foreigners, and Romans sent into exile were not 
allow 


The peculiarity of the as Roman dress is also indicated by the 
tee amr Ae “cde hy wight Romans appeared on the 

and were represented with their native costume, were called “ togatee,” 
to distingui toga covered the 
whole body with the exception of the left arm, it could not be worn by 
a while at work either at home or in the field. (Juvenal, iii, 


171; Li 5 
"is the toga was made was woollen cloth, which 


The material 
differed in thickness and fineness according tu circumstances and the 


pulla, (Cicero, ‘In Vatin.,’ 13; 
‘In Vern iv. 24). Towards the end of the republic, and under the 


ial, xiv. 125), and 
rere where the em was ile Mites 
fashion of wearing the appears to have 
odified in the course of time, althouge the general charac- 
remained the same. great difference seems to have 
quantity of cloth used for it, as some statues present a 
than others. Its form appears to have been rounded, 
that and the manner of putting it on, nothing can be 
, notwithstanding the description in Quinetiliah 
the many statues with togas still extant. (Ferra- 
Re Vestiaria ;’ Becker, ‘ Gallus, ii.) 
the different kinds togas we have mentioned above, the 
noticed :— 
exta was worn by the children of the nobles, by girls 


rd 

a: itd 
gesad eae: 
E 

F 


until inarried, and by boys until the: attained the of pubert; 
proc when they exchanged it for the toga virilis, ane ¢ called Pere, 
libera, or recta, which was the usual white toga described above. The 
preetexta was also the official robe of the higher magistrates of the city 
and the municipia, as well as of the colonies, E 
derived from the circumstance of this toga being adorned with a broad 
purple border (/atus clavus), 

2. Toga picta was a woge ornamented with embroidery and ld 


, TOISE, a French measure of six French feet, particularly used 
h. [WerrcHts anp 


Astron. Moyenne,’ 
pt Latin translations of the tables, which he found 


only just enough of original observation to establish the fact that the 
Toledine observers were very bad ones, 

TOLENE. A hydrocarbon essence obtained from balsam of Tolu. 

TOLL, from the Saxon ‘ tolne ;” in German,“ zoll” (called in Law 
Latin “ telonium,” « theolonium,” and “ tolnetum,” with many other 
variations, which may be seen in Ducange, all which Latin terms are 
derived apparently from TeAduior, “ collection of tribute or revenue ys 
isa 3 Seow in money or in kind, fixed in amount, made either under 


The owner of land may in general prevent others from crossing it 
either personally or with their cattle or goods, by bringing actions 


cannot be resorted to where the owner of the land has acquiesced in its 

being used as a public way; but in such case there may have been a 

royal grant, enabling the arty to demand a reasonable compensation 
his is toll-traverse, 

Where a corporation, or the owner of particular lands, has imme: 
morially repaired the streets or walls of a town, or a bridge, &e., and, 
in consideration of the obligation to repair, has immemorially received 
certain reasonable sums in respect of persons, cattle, or goods passing 
through the town, such sums are recoverable at law by the name of toll 

h, 


An ancient toll may be claimed by the owner of a port in respect of 
goods shipped or landed there, Such tolls are port-tolls, more com- 
monly called port-dues, The place at which these tolls were set or 
assessed was anciently called the Tolsey, where, as at the modern 
Exchange, the merchants usually assembled, and where commercial 
courts were held, 

Another species of toll is a reasonable fixed sum payable by royal 
grant or prescription to the owner of a fair or market, from the buyer 
of tollable articles sold there, 
tion of this toll is said to be the security afforded by the attestation of 
the sale by the owner of the fair or market, or his officers, 
cases by ancient custom, a payment, called turn-tol] » is demandable for 
beasts which are driven to the market and return unsold. The term 


picking holes for the purpose of temporary erections; but the former 
payment is more properly called stallage, and the latter pleage ; and 
if the franchise of the fair or market, and the ownership o: 


part of the property 


consent, the franchise shall be seized ; if without such’ consent, the 
officers shall pay double damages and suffer imprisonment. (Stat. 3 
Edw. I. c. 81.) 

Grants of tolls were formerly of very ordinary occurrence, But it 
seems to be very probable that many ancient payments of this descrip. 
tion, though presumed, from their being so long acquiesced in, to have 
4 lawful origin under a royal grant, were in fact mere encroachments, 
The evil was, however, practically lessened by the exertion of the 
royal prerogative of granting immunities and exemptions from liability 
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to the payment of tolls, either in particular districts or throughout the a It is uced on passing cyanogen 

realm; a prerogative exercised also by inferior lords who possessed of toluidine.” Op ide of toluenyl, or cyan 

jura regalia. boiling chloride of toluenyl with cyanide of potassium. 
The term “toll” is used in modern acts of parliament to designate i i 


the payment directed to be made to the proprietors of canals and 
Bonar, ep pire: of pegs cna or % ees, — of 
of passengers or the conveyance of cattle or 

The term toll is appli to the ion which an artificer is, by 
custom or t, allowed to retain out of the bulk in respect of 
services ormed by him u the article; as corn retained by a 
miller in payment of the m re; also to the portion of mineral 
which the owner of the soil is entitled, by custom or by agreement, to 
take, withont payment, out of the quantity brought to the surface, or, 
as it is technically called, to grass, and made merchantable, by the 
mining adventurer. To collect these dues the duke of Cornwall, and 
other great landholders in the mining districts of the west, have their 
officers, called “ tollers.”” 
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TOLU, ESSENTIAL OIL OF, [Essentian Ors.) 

TOLU-EUGENYL. [Caryorny.iic Acip.] 

TOLUENE. [Totvenic Grovr.] 

TOLUENIC GROUP. A cluster of chemical substances, each con- 
taining the hypothetical radical tolwenyl (C,,H,). 

The chief members of this collection are six in number, namely,— 


1, Toluene or hydride of toluenyl . C,,H, = c, ir } 


2, Hydrate oftoluenyl . . .C,,H,O, = Cats Jo. 


8, Toluenyl-sulphurous acid . - « C,,H,8,0, = Csi Jou, 5,0, 


4. Chloride of toluenyl . C,,H, Gl = used 

C,,H, 
5, Toluiding 8. 2. Cw. Ce 7G H,N=N] OH 
H 


6, Acetate of toluenyl  . + . CigH\,O, = C,H, Jo, 


C,H40, 

1. Toluene (C,,H,, H). Toluol. Retinaphtha. Benzoene. Dracyl. 

A colourless, limpid oil, first obtained on submitting balsam of tolu to 

istillation.. It subsequently been found among. the products of 
the destructive distillation of resin, tar, and wood; and is also formed 
when Toxvic Acrp is heated with lime. It may be obtained pure by 
fractional rectificati The specific gravity of toluene is 0°87; vapour 
density, 3°260; and boiling point, 237° Fabr. Its odour resembles that 
of benzole. It is insoluble in water, slightly soluble in alcohol, and more 
so in ether; with fuming sulphuric acid it forms toluenyl-sulphurous 
acid, and nitric acid converts it into nitrotoluene (C,,H,, NO,). The 
latter body, called also nitrobenzoene, is precipitated on adding water to 
the mixture of toluene, and forming nitric acid. It-is a liquid, has an 
odour resembling that of oil of bitter almonds ; boiling point, 437° 
Fahr.; and specific gravity, 1:18; a mixture of nitric and sulphuric 
acids conyerts it into acicular crystals of binitrotoluene (C,,H,, 2NO,). 
Several chlorine derivatives of toluene are known, 

2. Hydrate of toluenyl (C,,H;O, HO). ‘The source, composition, and 
properties of this substance have already been referred to under its 
ay Benzore ALcouoL. 

3. Toluenyl-sulphurous acid ; sulphotoluenic or sulphobenzoenic acid 
(C,,H,S,0,+2Aq.). The lead salt of this acid is formed on adding 
excess of carbonate of lead to the solution of toluene in fuming sul- 
phuric acid. The acid itself is set free on passing sulphuretted hydrogen 
through the aqueous solution of the lead salt. By evaporation of its 
solution in vacuo, small deliquescent iform are obtained. 

4. Chloride of toluenyl (C,,H,, Cl). A heavy liquid resulting from 
the action of hydrochloric acid gas upon hydrate of toluenyl. Boiling 
point about 360° Fabr, 

5. Toluidine (N(C,,H,)H,), or toluyl-ammonia is produced by the 
popeeng serie of sulphuretted hydrogen upon nitrotoluene, Sulphur 
having been separated and the solution evaporated, the residue is dis- 
tilled with potash; toluidine then passes over and condenses to a 
liquid, which subsequently solidifies. 

Toluidine is very soluble in ether, alcohol, and ojl. It is but little 
dissolved by water, but may be obtained in crystals from its 
alcoholic solution. It has an aromatic odour, much resembling aniline, 
and a burning taste, It slightly blues red litmus paper; is heavier 
than water ; is volatile at common temperatures; melts at 104° Fahr., 
and boils at 385°4 Fahr. It has the same composition as methyl- 
aniline, but does not give that beautiful blue colour with chloride of 
lime that com of aniline do. 

Toluidine gives stable and crystalline salts with most of the acids. 
They m are soluble in water. The sulphate of toluidine contains 
(2C, HN, 8,0,,2HO); the acid oxalate (C,,H,N,C,O,,2HO). The 
phrase arid. C,,H,N, HCl, PtCl,) occurs as a beautiful orange crys- 
talline precipitate. - 

Nitrotoluidine forme in w needles when binitrotoluene is acted 
on by an alcoholic solution of sulphide of ammonium. 

Cyanotoluidine (2 C,,H,N, Cy,?) is a body somewhat resembling 


obtained, — 
Ethyl-toluidino. «jy a) 4%. hey wal 
Diethyl-toluidine . 6 6 «© x 


Hydrate of triethyl-toluenyl-ammonium . N(C,H,),C,,H,, 0, HO 


6. Acetate C,,H,0, C,H,O,). A colourless, hea of 
iy yg as 
formed on adding sulphuric acid to solution of hydrate of toluenyl in 


agreeable aromatic odour resemb! 


acetic acid. 
TOLUENYL. [Torventc Grover. 
TOLUENYL-SULPHUROUS ACID. [Torventc Grove.] 
TOLUIC ACID (HO, C,,H,O,). A volatile solid, produ 
‘cymene (Cymone or CampHocen] is heated)with diluted nitric acid. 
occurs in white acicular crystals, very soluble in boiling-water, in 
alcohol, ether, or wood spirit. It is inodorous and tasteless. With 
nitric acid it gives nitrotoluic acid (C,,H,(NO,)0,). 
hich o neypinsrienvs Toluate of baryta (C,,H,BaO,), 
whi are ine. ) contains yy 
and lbrotileiahs (C,,H,Ba (NO. 09): Pointe ether boils at Fabr., 
and has the composition (C,,H,(C,H,)O,). Nitrotoluic ether has the 
composition (CH, (C,H,) (NO,)0,) 
TOLUIDINE, (Torventc Grovp.] 
TOLUOLE. ‘otvENIC Grovr.] 


every part of the globe. 
The i labour bestowed in excavating or 


these ancient sepulchres is ps not so surprising as the lavishness 


with which the ancients erhbellished the subterraneous abodes of the. 


dead, not only adorning them with polychromy and_ pai but 
depositing in them costly and meulalbalgcwepeeies pe ve this 
there was a striking i 


remarkable from such practice being contrary to that of the compara- 


chiefly architectural erections intended for external display. Of 
Egyptian architecture and art, some of the most astonishing memorials 
are entombed within the earth. Among these are what are called 
the “Tombs of the i ings,” at Bibfn el Molouk, in one of 
which Belzoni discov the sarco , or tomb, properly so , 
which is now in the Soane Museum. [Eoyrrian ECTURE, 
In these tombs the entrance passages are narrow, and the first cham- 
bers are smaller than those to which they lead. The numerous 
paintings found in these tombs describe with minuteness the social life 
and manners of the people, their banquets, their festivals, their amuse- 
ments, their costume, their furniture, their arts, and the various 
utensils and implements employed in them. These records prove not 
only the perfection the m ic arts had attained, but also the 
luxurious refinement of those remote ages, The same remark 

to the paintings and frescoes in the subterraneous tombs and sep 
chambers discovered since 1827 at Corneto, on the site of the ancient 
Tarquinii, at Vulci, Toscanella, Bomarzo, Cere, Val d’Asso, Orchia, and 
other places in the ancient Etruria. <A brief description of these will 
be found under Erruscan ARCHITECTURE.  - : 

Many of the tombs found in Lycia and other parts of Asia Minor 
have columns and entablatures to their fagades ‘wrought out of the 
solid rock, Some of the Lycian tombs, however, are upright insulated 
structures, either plain or decorated with pilasters and other a 
with roofs whose section is a pointed arch, after the fashion of some 
the Indian monuments, owing to which oa present a striking combi- 
nation of Oriental and Grecian forms. sepulchres with temple- 
shaped facades there are two examples at Orchia, one of them a 
distyle in antis, Both partake of the Grecian 


: first, 
in the great t of the pediment; secondly, in the great width of 
the intercolumns, What now remains of the columns themselves is 


ced when 


trotoluic acids are monobasic and form salts, of. 


similarity between the practice of the. 
Egyptians and that of the Etrurians; nor is the coincidence less. 


ted modern Greeks and Romans, whose tombs and sepulchres were 


SS 
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only sufficient to show their number and situation; yet that they were 
hewn out of the rock, like the entablature and a scarcely 
admits of question. Of the magnificent sepulchre of Mausolus erected 
by Greek architects at i » an account is given under 
vince nothing on the subject of sepulchres and tombs 
i us on the subj tS) c an mbs, 
daeeltaewee Roman: yet sepulchral edifices are still very nume- 
rous throughout Latium and Magna Grecia, and many of them must 
_ origi have been very conspicuous objects, and not a little remark- 
able on account of the studied architectural decoration bestowed on 
them : for besides subterraneous sepulchral chambers or 
yaults (which were usually very carefully finished internally, and not 
unfrequently ornamented with painting and stucco-work, and with 
marble or mosaic pavements), there is another and quite distinct class, 
Soon ic, sega to raised above ground, insulated, and apparently 
solid. may be described as generally of nearly cubical form, 
though some are of much loftier nana There are, besides, 
varieties of this class, in which either a conical or cylindrical super- 
structure is raised upon the square portion, which then becomes a 
basement; or else the superstructure is also square, but is distinguished 
from the lower part by pilasters, panels with inscriptions, and other 
architectural decorations: some of these have an u sepulchral 


chamber, others a subterraneous one also, or one below the level of the 
What is called the “ cro di Nerone,” near Ponte Molle, may be 
taken as a i of the usual character of Roman tombs ing 


of the aa form. Like the generality of them, this is somewhat 
more than a perfect cube, the dimensions being 20 feet by 24 in 
height, or, including its covering, 27 feet. At each angle is a large 
acroterium ing two quadrant-shaped surfaces, meeting at right 
angles at the external edge of two adjoining sides—a species of orna- 
ment almost peculiar to ancient altars and tombs, en ee 
this class, there is one in the Via Portuensis, a double cube in height, 
the respectively 44 and 80 feet. In the example 
ey een upper part is rather less in height than the 

t, but here it is about a third more, and is also decorated with 
four front, with a small pediment, not supporting, 
between the large acroteria at the angles. Of circular tombs 
have a well-known example in that of Manutius Plancus at Gaeta, 
—a low circular tower (nearly solid within), about 60 feet in diameter, 
and 10 feet more in height ; therefore, owing to its size, it is rather a 
mausoleum than a mere tomb. The same may be said of that of 
Cecilia Metella at Rome; which structure, otherwise called Il Capo di 


Bove, from the ornaments in its Doric frieze, exceeds the one just: 


mentioned in size, it being 90 feet in diameter, and its entire height 
about 130 feet. It does not, however, partake so much of the 
character of a mere tower as the tomb at Gaeta, because it consists of 
two nearly equal masses, namely, a square one with a cylindrical super- 

aon is therefore an example of that compound-form class 
which we have above pointed out. Among the tombs at Pompeii 
there is one which is peta ei ap ~ its ps ly = 
internally has a dome of v i pe, which does not show itse 
on the outside, peed gti gt of the solid mass, Other sepulchral 
structures at Pompeii are very numerous, forming what is called the 
“Street of Tombs.” Instead of cemeteries, or public burying-grounds, 
it was the custom in ancient Italy to erect tombs on each side of the 
principal roads leading from a city, as was the case with the Via Appia 
and others in the immediate vicinity of Rome. 

The tombs of the middle ages are within buildings, churches, 
chantries, cloisters, &c., and exhibit almost every variety of form and 
enrichment, from the primitive stone coffin or Christian sarcophagus, 
to those lavishly decorated catafalco monuments which are so many 
piles of architecture and sculpture. Those of the first-mentioned kind 
are, for the most part, very little raised above the floor, and their 

surface is en dos d’dne, or forms a ridge-shaped lid. The next 
amie consists of Altar or Table Tombs, comparatively plain, although 
ee eee enna) descknkicn on their sides, The next 
is the Effigy Tomb, first introduced in the 13th century, with a 
pe capartire gps of the deceased upon it, extended, with the hands 
slightly raised, and joined as if in the attitude of prayer. Examples 
of this kind are very numerous, ae interesting, both on 
account of their execution as works of jpture and the information 
they afford in regard to the costume of the period. 

Altar and effigy tombs were usually placed between the piers of an 
ee eae nreceey in. all a in either = the w oo 
was covered by an arch forming a sort of canopy over it, o 
Which Dod is'thes of Aymer de Valence in Westminster ‘Abbey (1334). 
In course of time this mode of architectural decoration came to be 

extended. Instead of a single arch, three or more small arches 

were which, with the columns either supporting or ae 
between them, inclosed the figure on the tomb, giving the whole the 
of a shrine or screen. Many of the French monuments of 

Se peisAtaAaeL Maaslownce are in. thia style of 4 ign, large and 
lofty insulated architectural masses, with a profusion of highly-enriched 


pilasters and arches, and numerous figures, beside other 
statutes and bas-reliefs, so that the deposito, or actual tomb, is the least 
portion of the entire composition. ; 


In Italy thert are many examples of what may be called Fagade 


monuments, which are extensive architectural compositions, consisting 
of two or more orders of columns, with pediments, niches, statues, 
panels, and various other architectural decorations. Of such “macchine 
colossali,” as Cicognara terms them, the monument of the doge Valier 
by Tirali, and that of the doge Pesaro by Longhena, may be quoted as 
instances. In both of them the figures are merely accompaniments to 
the architecture, and that which should be the principal is almost 
the most insignificant among them. In the Catafale tomb, even when 
equally extravagant in point of accumulated embellishment, there is at 
least a certain degree of character that stamps it at first sight for what 
it is, whereas in those of the kind just referred to there is nothing to 
indicate asepulchral monument. This last remark applies very forcibly 
to those two celebrated works of Michel Angelo, the tombs of Giuliano 
and Lorenzo de’ Medici, each of which has, besides the figures of those 
personages, two naked semi-recumbent figures, a male and female, 
intended, or supposed to be intended, to express day and night (or 
sleep), and morning and evening. More becoming in feeling and in taste 
are many other Italian tombs of about the same period, which consist 
of little more than a simple deposito, or sarcophagus, with either a - 
recumbent or semi-recumbent figure of the. deceased upon it; such, 
for instance, as those of Giov. Andr. Boccaccio in the cloister of Santa 
Maria della Pace, and of Angelo Marzi in the church of the Annunziata 
at Florence. Although they have abandoned the architectural cari- 
catura formerly in vogue for such purposes, instead of returning to the 
simple and natural expression of Christian monumental works, later 
sculptors have frequently given us allegorical compositions and groups 
badbes ly mca figures, and the likeness of persons intended to be 

ed is shown only in a medallion. In this vicious taste are many 
of the monuments in St. Paul's and Westminster Abbey, while others 
are chiefly remarkable for the fantastic conceits into which the artists 
have fallen, and which render them equally unbefitting the purpose 
bar A= 2 igned for and the place where they are erected. 

OMBS, VAULTS, TOMBSTONES, TABLETS. In previous 
articles [Corrmy; IyrerMENT] the various modes of disposing of the 
dead have been discussed ; it is our intention here to show what rights 
the subjects of this country have, 1st, to burial, and 2ndly, to a per- 
manent commemoration of themselves by means of monuments. It 
must be borne in mind that we treat here only of parish churches and 
churehyards, or of the parish burying-grounds subsidiary to the 
churchyard, The cemeteries which the necessities of an increasing 
population have caused to be established in the neighbourhood of 
many of our densely inhabited towns are private property, regulated at 
the pleasure of the proprietors. 

By the 68th Canon of 1603 it is ordered that no minister shall 
refuse or delay, under pain of i See by the bishop for three 
months, to bury any corpse that is brought to the church or church- 
yard (convenient warning being given him thereof before), in such 
form as is prescribed by the Book of Common Prayer, unless the 
deceased were excommunicated majori excommunicatione, and no man 
able to testify of his repentance. The Rubric further excludes from 
Christian burial those who have not been baptised or who have died 
by their own hands ; and this latter class are defined to be such as have 
voluntarily killed themselves, being of sound mind, of which fact a 
coroner’s jury are considered by ecclesiastical authorities to be the 
fitting Sulina Thus the ecclesiastical law not only gives to the 
clergyman the right, but imposes on him the duty to bury, with only 
three exceptions, all who shall be brought within the precincts of his 
church. Nevertheless the ecclesiastical courts have admonished a 
minister and churchwardens to abstain from burying strangers in the 
churchyard, when the practice of doing so threatened to interfere with 
the rights of the ishioners; for the common law gives to the 
people the right of Yeing buried within the churchyard of their own 
parishes: “ Ubi decimas persolvebat vivus, sepeliatur mortuus ;” and 
although the freehold of the churchyard, as of the church, is in the 
parson, he holds it only for the benefit of his parishioners, and subject 
to their right of interment in it. 

This right of sepulture, however, applies only to the body: the 
Canon and the Rubric alike talk as though studiously of the “ corpse ” 
alone, never mentioning the coffin. In former times the use of coffins 
was confined to the richer classes, and these were often of stone or of 
other durable materials [Corr1n]; but the practice and no doubt the 
intention was that in the great majority of cases the process of decay, 
and, therefore, the occupation of the earth, should not be needlessly 

rotracted. To use the words of Lord Stowell, “A common cemetery 

by which he means a churchyard or parish burying-ground] is not 
res unius cetatis, the property of one generation now departed, but is 
likewise the common property of the living and of generations yet 
unborn, and is subject only to temporary occupations.” On this 
doctrine are based the main points of the law concerning burials. 

The establishment of churchyards is attributed to Cuthbert, arch- 
bishop of Canterbury, who in the year 750 introduced into this country 
the custom, then existing at Rome, of devoting an enclosed space round 
the sacred edifice to the interment of those who had been entitled to 
attend or had been in the habit of attending worship within its,walls. 
Theretofore, notwithstanding a canon which forbade it (De non sepe- 
liendo in Ecelesiis), the clergy interred persons of peculiar sanctity or 
importance within the walls of the church, especially in the side aisles 
of the naye, so as to remind the faithful of their example and of the 
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duty of praying for their souls : and hence the rule that a should | There are many local tons of weight which have sprung up in modern 
not be buried in the church without the consent of the incumbent, he | tim 


being supposed to be alone able to judge whether the deceased 
sessed the qualities which give him a title to that distinction. The 
churchyard was anciently held among the res sacra, and no fees were 
taken for the use of it ; nevertheless the payment of fees to the clergy- 
man dates, in this country at least, from the Reformation, and the 
non-payment of those fees is held by the ecclesiastical courts a sufficient 
ground for the clergyman to withhold his offices, or at all events to 
prevent the erection of any monument or tablet for which he} had 
previously given his consent; that consent being supposed to imply 
the payment of the usual or a stipulated fee. The churchwardens are 
also entitled to a fee for burials in the church, since on them falls the 
ex of repairing.the pavement. It is even maintained that an 
incumbent is entitled to a fee upon the burial of his parishioner who 
has died in his parish and is removed for interment elsewhere. ad 
H. Spelman preserves a vestry constitution of 1627 containing a table 
of fees for burial in the chancel, the nave, and the churchyard ; the 
interments in the churchyard being differently charged as they were 
“* eoffined” or “uncoffined.” These fees are not imposed at the dis- 
cretion of the parson or of the parish; they are matter of ecclesiastical 
jurisdiction, and if they deviate from the amounts established by 
custom, must be approved by the ordinary after consulting the minister 
and the parishioners. 

A t cannot properly be made either in the church or churchyard, 
without the consent of the ordinary signified by a faculty, that is, a 
licence or permission, for that purpose; and this he does not grant 
until he has given the parson and parishioners an opportunity to 
express their opinions. A vault may be attached by prescription to a 
mansion; or again, the proprietors of a mansion may have a p- 
tive right to be interred and to erect a tablet or tombstone in the 
aisle or chapel appurtenant to that mansion. But it would seem that 
the right adheres to the mansion, not to the family; who if they 
cease to be parishioners relinquish their right to the vault, the use of 
which may be granted to others. The heir, however, in this and in 
all cases may obtain an action of trespass at the common law against 
any one, even the parson or ordinary, who disturbs the remains, or 
removes or defaces the monument of his ancestor, or the hatchment, 
pennon, or coat armour suspended over his grave. In some parishes 

ishioners have a prescriptive right to place a stone over a grave 
in the churchyard upon payment of a certain fee established by 
custom; but nothing of height can properly be erected without the 
consent of the ordinary ; nor can a tomb or tombstone be repaired 
without the leave of the churchwardens; although the granting of that 
leave is a mere formality incumbent on those officers. 

The placing of a monument in the church or a tablet on its walls is 
also within the jurisdiction of the ordinary ; for the fixing of it in the 
chancel the consent of the rector is required, yet a lay rector has not 
aright to erect a monument or construct a vault there without a 
faculty from the ordinary. To remove without the ordinary’s consent 
@ monument or tablet once erected is an offence which subjects to pro- 
secution before the ecclesiastical courts the party committing it, even 
though he should have himself erected the monument, and should 
have the consent of the incumbent for its removal. 

As the erection of a tombstone, so the inscription upon it is a matter 
of ecclesiastical discipline, and an epitaph is unquestionably unlawful 
which is contrary to the canons or constitutions of the church in force 
at the time when the inscription is made. Thus when in a recent case 
the inscription “Pray for the soul of A. B,” was objected to in the 
Ecclesiastical Court as recognising the doctrine of purgatory, the judge 
(whilst he deemed that prayers for the dead are not cont to the 
canons, and, therefore, that the epitaph was not unlawful) distinctly 
affirmed the doctrine, that any new epitaph opposed to the doctrines of 
the Church of England might be removed, and the inscription of such 
an epitaph would subject the party who inscribed it to ecclesiastical 
censure, 

(Haggard's Consistory Reports, i. 14, 205; ii. 888; Curteis's Bcclesias- 
tical ogre ; 880; Burn's Ecclesiastical Law, article ‘ Burial ;’ and 

's ditto, 

ON, or TUN. In modern English spelling the ton is a weight 
(twenty hundredweight, or 2240 pounds avoirdupois) and the tun is a 
measure of wine (two pipes, or 252 gallons). Accordingly, some have 
supposed that the measure was derived from the weight, and in fact a 
tun of water weighs about a ton, But a very little consideration of the 
manner in which tonna and tunna were used, is enough to convince 
any one that the weight was derived from the measure. These words 
are not classical, but they occur frequently in middle Latin (see 
Dueange, in verb.), and always as signifying a large cask. The hollow 
empty sound made by striking a large cask may have given rise to the 
name: we have often heard them say ton as plain as a cask can speak. 
The diminutive is tonnella, which was often used, but not much in 
England. The Commissioners of Weights and Measures found it only 
in Cardiganshire, standing for sixteen bushels of lime.. The modern 
use of the word tunnel is now familiar enough. The old taxes of ton- 
nage and poundage are enough to create a suspicion that the ton was 
originally a measure, is phrase would be tautology if tonnage 
meant a tax upon weight : we must understand tonnage and poundage 
to be a tax on measure and a tax on weight, 


ea. 
TONE (in Music). The technical use of this word may be seen in 
Scax, Terracnorn, &e,, in which it signifies a musical interval. In — 
common language it refers to the quality of a musical sound, as when 
ent, 


ship or other floating vessel. The amount of tonnage possessed by 
United Kingdom is ie under Trape and Sarrrrna. 
TONNAGE (or TUNNAGE) AND POUNDAGE. [Sunsipy.] 
TONSILS, DISEASES OF THE. [Qurvsy.] 
TONSURE (from the Latin, tondere, “to clip”) is the name given 
Catholic chureh, 


Of course the clerical crown, as it is called, a ree 
trimming when necessary ; and the we believe, is 
it as the wearer rises in ecclesi ef 
The present however was not the universal form of the tonsure 
former times. When the missionaries who had come over to Britain 
from Rome encountered in the 7th century the Scottish and Irish 
priests, they were horrified by observing that instead of a circular 
tonsure on the occiput, they were distinguished by a tonsure in the 
shape of a crescent on the forehead. The Roman missionaries asserted 
that this was the sort of tonsure worn by Simon Magus and his dis- 
ciples. The true form of the tonsure and the proper mode of-caleu- 
lating Easter were the chief subjects of theological controversy in 
this island in the latter part of the 7th and the beginning of the 8th 
centuries. 
TONTINE, a species of life annuity, so called from Lorenzo Tonti, 
a Neapolitan, with whom the scheme originated, and who introduced 
it into France, where the first tontine was opened in 1653, The sub- 
scribers were divided into ten dnaien, sedonbing to thalcegeade Saal 
allowed to appoint nominees, who were so divided, and a proportionate 
annuity being assigned to each class, those who lived longest had the 
benefit of their survivorship, by the whole annuity being divided 
amongst the diminished number. The terms of this tontine may be 
seen in the French ‘ Encyclopédie’ (‘ Finance’ division, vol. iii), In 
1689 a second tontine was opened in France, The last survivor was a 
widow, who, at the period of her death, at the age of 96, enjoyed an 
income of 73,500 livres for her original subscription of 300 livres. The 
last French tontine was opened in 1759. They had been found very 
onerous, and in 1763 the Council of State determined that this sort of 
financial operation should not be again adopted. Tontines have seldom 
been resorted to in England as a measure of finance. The last for 
which the government opened subscriptions was in 1789, The terms 
may be seen in Hamilton's ‘ Hist, Public Revenue,’ A few private 
ulations have been entered into in the United Kingdom on the 
of the tontine. 
TOPOGRAPHY (from the Greek ia, which is from téros, 
“a place,” and ypd,ew, “ describe”). Per! the nearest 
ing combination of English words would be “ place-description.” The 
word topography is limited by usage to the description of cities, towns, 
villages, castles, churches, and other artificial structures, including 
notices of everything belonging to the places or connected with them ; 
for instance, not only the site, construction of the streets, public build- 
ings, &c., of cities and towns, but the number of inhabitants, trade, 
history, and so forth. The word hae ane Greek ce the 
“ad Attic.,’ i, 13) uses Topothery (rom as synonymous wi 
Sate though topothesy should have a different meaning. In the 
Greek “ topography” has a wider meaning than it has with us. Buta 
description an iven place, with reference to its physical character, 
hardly comes within our notion of a topographical description, which 
is generally, at least, limited as above stated. : 
TOREUTIC, [(Scvnervne.) 
TORMENTIL, Tormentilla oficinalis (Smith), erecta (Linn.), a small 
perennial plant, growing in the whole of Europe and the north of Agia, 
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heaths, OTENTILLA.] The root, or rather the 
ae plat Bes col Tuig: the hee 


in April and May. rpg, apace 
while remain moist, osphorescent. e roots o 
Se eatin (Potastilla) reptane ( in.), of the Potentilla Com 
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toa reddish or yellow; in very old specimens it becomes 
white, It can be easi : the powder is of a bright brownish- 
The rose-odour of the fresh root is lost by drying. Taste purely 
astringent. S) which are dark ly, and 


ive 
given with aromatics, or opiates, or chalk, as in the compound 
powder of chalk, Few medicines are more efficacious for drying up 

slimy mucus in which worms nestle in the intestines of 5 
chalk. Infusion made with cold water 
The extract made in the common wa 
this substance is in medicine, it is of sti 
in 


as 
utility in the arts and in agriculture. It may be most bene- 
fsaly employed tan leather, both where the oak grows and where 


powdered 
eh eae cca raed gee pens, rvecanarly 
Orkney both to tan and to dye » in latter parts 
long boiling the tannin is converted into gum, 
and in times of scarcity the poor may collect and obtain much nourish- 
from great service this plant renders in 
Where it grows abundantly in wet 
on] Anthem hor hit ere jhe stor erweval 
burned on the Highland hills, this plant springs up spontaneously 
with the tender grass, [ANTHELMINTICS.] 
loge nyt 
OMETER. | 
HyYDRODYNAMICS.] 
TORRID ZONE. [Zone] 
with which a thread or wire returns to a 
state of rest when it has been twisted’ by being turned round on its 
axis: the thread or wire, which is vertically, is attached at 
the upper extremity to some object, and at the lower extremity is a 
E 


Sw se 


e 
ee ee ene eo © Mirrup; which is to conry waaelle 


or bar in a horizontal position. 
Let zy be the wire, w the weight or stirrup, and a8 an index or 
needle, and let bac be part of a graduated ring on the same level as 


the needle; then, on turning the object w round till a mark on the 
extremity a of the index is brought to any point, }, on the ring, the 
wire becomes twisted; and when the power by which w is turned is 
removed, the elasticity of the wire causes the point at a to oscillate 
within the ring through an are, as b ac, which continually diminishes 
till the index rests in its original position. 

Under Exasticrry is given an investigation from which it is proved 
that, while the force of torsion is moderate, its intensity is directly 
proportional to the angle or are through which the extremity a of the 
index is moved in twisting the wire. It is also proved that 7, the time 
of a complete oscillation, is constant, or that the vibrations are isochro- 
nous, like those of a pendulum which is acted upon by gravity; and 
further, that when a body, as w, is suspended, the squares of the times 
of vibration vary directly as the momentum of the body’s inertia, and 
inversely as the force of torsion : consequently when the forms and 
weights of suspended bodies are the same, the force of torsion varies 
inversely with the square of the time. With respect to the effects 
which a variation in the length of the wire will cause in the foree of 
torsion, it may be observed that in proportion as the lengths of the 
wires are increased, points at the lower extremities must be turned, 
about the axis, through greater ares, in order to produce equal degrees 
of torsion at equal distances from the pois of suspension ; and hence, 
if the number of revolutions be equal, the force of torsion will be in- 
versely proportional to the length of the wire: it follows therefore that 
ey time of a vibration varies directly with the square-root of the length 
of the wire. 

These deductions from theory are confirmed by their agreement with 
the results of the numerous experiments made by M. Coulomb with an 
apparatus similar to that which is represented above; the times in 
which a certain number of isochronous vibrations were made with wires 
of different lengths, and carrying at their lower extremities cylinders 
of different weights, being observed. By comparisons also of experi- 
ments on wires of the same length and of different diameters, conse- 
quently of different weights, Coulomb found that the times of vibration 
were inversely ional to the weights, or to the squares of the 
diameters of the wires; and since the force of torsion varies inversely 
with the squares of the times, it follows that when the wires are of the 
like material and of equal lengths, the force of torsion varies directly 
with the fourth power of the diameter. M. Poisson, in a memoir on the 
equilibrium and movement of elastic bodies (‘ Mémoires de I’ Académie 
des Sciences,’ tom. viii.), has deduced the same law from purely theo- 
retical considerations, 

It may be convenient to compare the force of torsion with that of 
gravity, and for this purpose it will be necessary to observe merely 
that the time in which a pendulum, whose length is 7, makes a 


complete oscillation in a very small are is expressed bys (<)f 


g 
[PenpuLum], where g represents the force of ‘gravity : then the time 
in which the torsion wire vibrates once on its axis being made equal to 
the time in which a simple pendulum vibrates, we have (using the 


Ku 21 
formula in Etasticrr®), “=> therefore, as the momentum of 


inertia for a torsion wire suspending a body of a given form can be 
computed, and as / may be found from the observed time of a vibra- 
tion, the value of » (the coefficient of the force of torsion) can be 
ascertained from this equation. 

The torsion of slender wires was first employed by Coulomb for the 
purpose of determining the intensities of forces in nature and the laws 
of their action in circumstances which render direct methods in- 
applicable: his iments were performed with an instrument 
which he invented, and which he designated a torsion balance. Under 
ELEcTROMETER is given a description of the instrument and of the 
method of employing it in finding the laws of electric attractions and 
repulsions; and it will, therefore, be sufficient in this place to explain 
its application in determining those of magnetic action. For this 
purpose Coulomb adapted to the suspending wire, which was of copper, 
a small stirrup, as w, also of copper, in which could be placed a mag- 
netised needle of steel. Before this was done, however, a copper needle, 
equal in weight to the magnetised needle which was to be used in the 
experiment, was placed in the stirrup, and the plate p at the top of the 
glass case was turned round till one extremity of the copper needle, 
which turned with the plate,| was brought to the zero of the gradua- 
tions on the horizontal circle Jae in the case, the suspending wire 
being in an untwisted state: the whole case was afterwards turned 
round till the needle, still pointing to zero, was in the direction of the 
magnetic meridian, which had been previously determined. The 
copper needle was then taken away, iol ths magnetised needle put in 
the stirrup; and as soon as it was at rest in the magnetic meridian, the 
suspending wire was twisted by turning the stem x, to which it is 
attached at the upper extremity of the case, till the index there had 

over some given number of degrees, which in one experiment 

was 360°. The suspended needle was thus made to deviate from its 
previous ae 104 degrees, in which state the horizontal force of 
magnetism was in equilibrio with the force of torsion; and 

the angle of torsion was then equal to 349}° (=3860°—10)°), On 
the index at & through two revolutions, the needle was observed 

to rest between the opposing forces, at 211° from its original place, 
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when consequently the angle of torsion was 6989° (=720°—2]}"). 
Obtaining in like manner several other angles of torsion with the 
corresponding-deviations of the magnetic needle, and comparing them 
together, Coulomb found that the forces of torsion are constantly 
proportional to the sines of the deviations of the needle. 

In order to discover the law of magnetic action with respect to the 
distances between the attracting or repelling bodies, Coulomb plaved a 
magnetised needle in the stirrup of the balance, and after twisting the 
wire by turning the micrometer stem at & on its axis through a certain 
number of degrees, he observed where the needle rested between the 
opposing forces of torsion and the horizontal component of terrestrial 
magnetism: assuming then that the deviations of the needle were 
proportional to the forces of torsion, he found that, in order to make 
the needle deviate one degree, it was necessary to employ a force of 
torsion ——— by 35°. The wire being then untwisted, and the 
magnetised needle placed in the magnetic meridian, Coulomb intro- 
duced in the glass case, in a vertical position, and also in the plane of 
the ic meridian, a magnetised needle of the same dimensions as 
the other, so that if the two needles could have approached each other 
they would have been in contact at about an inch from the extremity 
of each; but the poles of the same denomination in the two needles 
being presented to each other, a repulsion took place, and the sus- 
pended needle came to a state of rest between the opposing forces of 
torsion and of magnetic repulsion. When the micrometer at & was 
allowed to remain in its actual position, the suspended needle was 
repelled 24 degrees, and consequently it was prevented from returning 
to the zero point by a force of torsion expressed by the sum of 24 degrees 
and of the horizontal force of terrestrial attraction (= 24 x 35°, or 840°); 
thus the whole force of magnetic repulsion was expressed by 864°. In 
a second experiment, the wire being twisted by making the stem at E 

‘orm three revolutions (= 1080°) in a direction contrary to that of 
the 24° before mentioned, the needle rested at 17° from zero: the force 
of magnetic repulsion was then expressed by the sum of 1097 degrees 
and the value of terrestrial attraction (=17 x 35°, or 595°), that is, in 
all, 1692 degrees. On comparing together several experiments of the 
same nature, and also several similar experiments in which the poles of 
acontrary denomination were presented to each other, Coloumb found, 
neglecting small differences which may be supposed to have arisen 
from the extent and configuration of the needles, that the forces of 
magnetic repulsion and attraction vary inversely as the squares of the 
distances. 


The “ bifilar magnetometer” which was invented by M. Gauss, is a 
species of torsion balance : it is described briefly in the article Terres- 
TRIAL MaGnetisM,, and at length in Taylor's ‘ Scientific Memoirs,’ 
vol. ii. The apparatus with which, by the oscillations of two balls of 
lead at the extremities of a lever suspended horizontally by a string, 
Mr. Cavendish determined the average density of the earth, was also a 
balance acting on the same principle. [Earta, Mean Denstry or 
THE.} The bifilar suspension has also been claimed, apparently with 
justice, by Sir W. Snow Harris. See ‘ Rudimentary Magnetism,’ od 

and ii., p. 120, in which work, and also in the ‘ Rudimentary Elec- 
tricity’ of the same author, the various torsion instruments used in 
these branches of science are fully and satisfactorily described and 
illustrated. 

Forthe strength of torsion in machinery, see MaTEnIats, STRENGTH OF. 

TORTOISE-SHELL. This beautiful substance, or at least the best 
kind of the material which goes under the name, is procured from a 
marine tortoise called the Hawk’s-bill turtle, or Zestudo imbricata ; 
the Latin name being derived from the mode in which the scales 
upon the back are arranged, overlapping one another like the tiles upon 
the roof of a house, one kind of which were called by the Romans 
imbrices. In most other tortoises the several scales of which their 
covering is composed adhere to one another by their edges, like inlaid 
work. Each animal furnishes thirteen principal plates, five along the 
centre of the back, and four on each side; and twenty-five smaller 
scales or plates, which constitute the margin of the shell. The size 
and thickness of the plates depend on the magnitude and age of the 
animal, a fresh layer being produced every year; and at the margin of 
the large plates may be seen distinctly the edges of the layers as they 
thin off in succession, The horny plates are separated from the bony 
foundation by the application of heat ; the whole shell being commonly 
placed over a fire until the plates begin to start from the bone, and the 
separation being completed by the aid of a slender knife. The shell 
varies much in value, being frequently injured by barnacles, limpets, 
and other shell-fish adhering to the turtles while alive, and interfering 
with the growth of the shell where they attach themselves, Occasion- 
ally plates of a uniform yellow colour are met with; and such are in 
great request among the Spanish ladies, who will give at least twice as 
much for a comb of plain tortoiseshell as for a mottled one. The 
belly-plates of the tortoise are yellow, and are sometimes found suffi- 
ciently clear for use. ay 

Before working, the shell needs to be softened or tempered, which is 
usuall oar dipping it for three or four minutes, or longer if it be 
very thick ai brittle, in boiling water. Some manufacturers flatten 
and temper the shells with hot flat irons, similar to those used by 
laundresses ; the i ell being, in the course of the operation, 
frequently dipped in cold water to prevent scorching. Generally, 
however, the less the shell is heated and pulled about the better, 


because from its apparent want of grain or fibre it is to become 
very brittle. te pe less fusible than horn, tortoise-shell cannot 
be made soft enough to be moulded without some injury to the colour; 
and accordingly the manufacturers, at least in England, never attempt 
po mgey? tortoise-shell combs with ornamental open , 
° 


es, Such work nah cago by pasting a piece of paper over the 


tortoise-shell, drawing 
and fine saws, and, after the paper has been removed by steeping in 
cold water, finishing the ornaments with the graver. e cutting or 
parting teeth of combs by machinery is described under Coms Manv- 
FACTURE; but we may here notice another mode which is mogeesom- f 
followed, and which illustrates the convenience arising from the flexi- 
bility of the material when warmed. A piece of ea eg 
may h re — 5 gre is pe or bowed in the direction of 
ength o teeth, to such a degree of convexity that be 
cut with a straight bow-saw without cutting he ithe "of the 
edges of the pieces of shell, which are required to form the top or 
back ions of the combs. The shell is d 
or points of the teeth are separated with a narrow chisel or pricker, 
after which the combs are finished with files and scrapers, and bent to 
any required curvature upon wooden moulds. The frames for tortoise- 
shell eye-glasses are usually formed out of narrow slips of shell in 
which slits are cut with a saw, the slits being subsequently, while the 
shell is warm, strained or pulled open, until 
apertures, by the insertion of tapering triblets of the required 
The same yielding or flexible property is made use of in the man 
ture of boxes; a round flat disc of shell being gradually forced by 
means of moulds into the form {of a circular box with upright sides, 
The union of two or more pieces of shell may be effected by carefully 
scraping the parts that are to overlap, so as to render them Bien 
free from grease, even such as might arise from being touch 
hand, softening them in hot water, pressing them together with 
flat. tongs, and then plunging the joint into cold water. 

In veneering with tortoise-shell, by which very beautiful work may 
be produced, it is usual to apply fish-glue, mixed with lamp-black, 
vermilion, green, chrome, white, or other colouring matter, at the back 
of the shell, both to heighten its effect and to conceal the glue or 
cement by which it is secured to the wooden foundation. In making 
knife-handles and some other ornamental work, metallic foils are put 
beneath the tortoise-shell veneer with excellent effect. 

The qualities of tortoise-shell as brought to market are thus dis- 
tinguished: Manilla, fine and large; Singapore, nearly as as 
Manilla; West India, large and heavy, but red; Honduras, darker, but 
with large dark red spots; Calcutta, dark, heavy, and badly coloured; 
Bombay, the worst quality. Sometimes plates are obtained as large as 
13 inches by 8 inches, aud a quarter of an inch thick in the middle. 


‘The price of the best tortoise-shell is generally about 60s. per Ib, A 


small import duty, formerly imposed, was repealed in 1846, 
TORTURE, which in a legal sense means the application of bodily 
pain in order to force discoveries from witnesses, or confessions from 
persons accused of crimes, has been recognised by the laws of most 
civilised nations as an instrument for obtaining judicial truth. A 
learned civilian terms it “ Mos antiquissimus, omnium feré bene insti- 
tutorum populorum communis: ut non immerité pro lege ac jure 
quodam gentium habeatur.” (Wesenbechii, ‘ Paratitla Dig. de 
Questionibus, num. 3.) Torture was applied to slaves at Athens 
(Demosthen,, ‘Orat. ady. Pantgenet.’); and Cicero states that the 
Athenian and Rhodian laws allowed it to be applied even to citizens 
and freemen (‘ Oratorie Partit.,’ 34); but there is some doubt as to the 
accuracy of this statement with respect to Athenian freemen. It has 
been questioned whether torture was used by the Romans during the 
republican period; but Cicero frequently speaks of it as an ancient 
practice, and attributes it to the customs and institutions of an earlier 
age (“moribus majorum”). (‘ Oratio pro Rege Deiotaro,’ c. 1; ‘ Pro 
Milone,’ c. 22; ‘ Orat. Partit.,’ 34.) Tacitus also ascribes a modification 
of the practice to an ancient Senatus-consultum (‘ Ann.,’ lib. ii, ¢. 30), 
However this may have been, it is beyond all doubt that the use of 
torture in judicial inquiries had become fully established in the time 
of the early emperors. Regularly the Roman law admitted the torture 
only in the case of slaves when examined either as witnesses or offend- 
ers; but under the emperors—even under Augustus, but more fre- 
quently under Tiberius and Caligula—instances occur in which freemen 
and citizens were interrogated by torture: most of these instances, 
however, are to be considered as irregular acts of power, not sanctioned 
by law. Rules regulating the mode of spire Barker p and limiting 
the occasions of its application, were early established in the Roman 
law. One of the most important of these is that which Cicero in the 
passages above cited refers to ancient usage, namely, that a slave should 
not be tortured to give evidence against his master, except in the cases 
of incest and conspiracy. Tacitus says that in order to evade the ope- 
ration of what he an ancient decree, prohibiting the “ qumstio 
servi in caput domini,” Tiberius, “novi juris repertor,” invented the 
scheme of making over the slave from the accused to a public fune- 
tionary, and then putting him to the torture against his former master. 
This device is however ascribed by other historians to Augustus, 
(Dion., lib, ly.) In judicial inquiries or public trials for crimes, the 
“ quaestio” was applied at the instance of the accuser in the presence 
of the praetor udices, and the statements made under torture were 
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reduced into writing (in tabulas relata), and signed by the pretor 
(Heineccius, ‘ Ant. Rom.,’ lib. iv., ec. 18, sect. 25); but private persons 
also were itted “in foro domestico” to extract evidence from their 
torture. (Cicero, ‘ Orat. Evi 

t a later period of the Roman 


were introduced, and even freemen were subjected to torture, when 
there was positive evidence of the “ corpus delicti,” and probable or 
ena taence that the accused was the guilty person. More- 
over, when the offence was of a grave character, and affected the head 
of the state immediately, personal exemptions from torture were not 
admitted. ‘“Omnes omniné,” says the ‘ Digest’ (lib. xlviii., tit. 18; 
€ De Questionibus,’ sect. 10), “ in majestatis crimine, quod ad personas 
i attinet, cum res exiget, torquentur.” (Wasserschleben, 
* Historia Questionum per Tormenta apud Romanos,’ Berol., 1836.) 

It is remarkable, ing the extent to which the practice of 
ied by the Inquisition, that, according to 
the principles and early ice of the Canon law all severities of 

prohibited 


jestatis 
the Inquisition, though violent in their denunciations against 
silent respecting the use of torture; and the first trace of any 
ecclesiastical sanction of this mode of proceeding, even in the case of 


in the proceedings of the Inquisition induced the use of 
by the inquisitors themselves, and the extent to which it was 
is notorious. (Biener’s ‘ Geschichte des Inquisitions- 
Processes.’) An instance of the application of torture under the eccle- 
siastical law occurred in England, under remarkable circumstances, 
about sixty years after the first sanction of the practice by the Church 
of Rome. -In the great contest between Clement V. and the Tem 

in 1310, inquisitors were appointed by the pope to examine the prison- 
ers who coe bogs ie hreees deme offences) with apostacy and heresy. 
The Archbishop of York, who was one of the inquisitors, propounded 
to certain monasteries and divines several difficulties which had 
_ oceurred to him respecting the mode of conducting the examinations. 
Among other questions he asked, whether they might make use of 
-torture :—‘ Licet hoc in regno Anglie nunquam visum fuerit vel 
auditum ? - Et si torquendi sunt, utrum per clericos vel laicos? Et 
carte vat nullus omnino tortor inveniri valeat in i 
256.) In 


a 
mittendum sit ad partes transmarinas?” (Hemingford, p. 
«) consequence of the doubts of the archbi , Edward IL. 


matter to the council; and upon their recommendation it was resolved 
that the Templars should in the first place be separately confined and 
examined ; and if upon this mode of proceeding they refused to 
confess more than they had iously done, “‘ qudd extune qucestion- 
arentur, ita quéd questiones illw illate fierent absque mutilatione et 
debilitatione alicujus membri, et sine violentd sanguinis 
effusione.” iieencnend, ‘ saga Historiques relatifs & la Con- 
damnation des Chevaliers du Temple.) In accordance with this 
resolution, a special commission from the king authorised the inquisi- 
“to and deal with the bodies of the Templars in ques- 
tionibus et ali peg hp erarray Mey might seem fit to them to 
be done according to ecclesiastical law ; and a precept was issued to 
the sheriffs of London, in whose ctstody the accused were, to suffer 
inquisitors to examine them and put them to the torture. (Rymer’s 
* Foedera,’ tom. iii., pp. ret 232.) tail Ge! lag 
Judicial torture formed a part o’ ie systems of Europe 
i the Roman law. In Germany it was gradually intro- 
duced as the use of the Roman law increased, and di the ancient 
_ Teutonic and feudal proceedings by ordeal and battle. Indeed, while 
these judicia dei continued in use, there is no notice of the existence 
of torture. In most German cities judicial torture was unknown until 


orees the 14th century ; altho it appears in the statutes of 


Italian m ities at a much earlier period. (Mittermaier’s 
T Dootesle Weedrekiores theili.) A species of torture was, indeed, 


. 


in toa + extent during the middle 4 
Sr tion there are traces fraditions connected with the on 
chambers and instruments still exhibited in Niirnberg, Salzburg, 
Ratisbon, and other ancient cities and castles ; but these were in gene- 
ral not used for legal or judicial torture, but for the proceedings of 
those secret ous tribunals, or ‘ Fehmgerichte,’ which abounded at 
that period. 


regular torture, however, as derived from the Roman 
ARTS AND SCI. DIV. VOL, VILL 


law, continued in many European states until the middle of the last 
century, when more enlightened views on the subject of jurisprudence 
led to a prevailing conviction of the inefficacy and injustice of this 
mode of ascertaining truth. In France the “ question préparatoire” 
was discontinued in 1780 by a remarkable decree, which is to be found 
in Merlin’s ‘ Répertoire,’ vol. x.; and torture in general was abolished 
throughout the French dominions at the revolution in 1789. In 
Russia its abolition, though recommended by the Empress Catherine 
in 1763, was not effected until 1801. In Austria, Prussia, and Saxony 
it was suspended soon after the middle of the last century ; but 
although so seldom used as to be practically extinct, torture continued 
to form part of the laws of Bavaria, Hanover, and some of the smaller 
states of Germany within the last sixty years. (Mittermaier’s ‘ Deutsche 
Strafverfahren,’ theil i.) In Scotland, where the law is almost wholly 
founded upon the civil law, the use of torture prevailed until the reign 
of Queen Anne, when it was declared by the act for improving the 
union of the two kingdoms (7 Anne, c. 21, s. 5), that in future “no 
person accused of any crime in Scotland shall be subject or liable to 
any torture.” 

e history of the use of torture in England is curious, From the 
hesitation to apply it to the Templars in the reign of Edward II. (1310), 
as above mentioned, as well as from the express’statement of Walter 
de Hemingford, it appears to have been at that time unknown in Eng- 
land, either as an act of prerogative, or as an instrument of criminal 
inquiry warranted by law. Nevertheless, Holinshed relates that, in 
1468, Sir Thomas Coke, the lord mayor of London, was convicted of 
misprision of treason upon the evidence of one Hawkins, given under 
torture; and that Hawkins himself was convicted of treason by his 
own confession on the rack, and executed. From this period until the 
Commonwealth the practice of torture was frequent and uninterrupted, 
the particular instances being recorded in the council-books, and the 
torture-warrants in many cases being still in existence. The last 
instance on record occurred in 1640, when one Archer, a glover, who 
was supposed to have been concerned in the riotous attack upon Arch- 
bishop Laud’s palace at Lambeth, “was racked in the Tower,” as a 
contemporary letter states, “to make him confess his companions.” 
A copy of the warrant under the privy seal, authorising the torture in 
this case, is extant at the State-Paper Office. With this instance the 
practice of torture in England ceased, no trace of its continuance being 
discernible during the Commonwealth or after the Restoration. But 
although the practice continued during the two centuries immediately 
before the Commonwealth without intermission, it was condemned as 
contrary to the law of England, and even declared to be unknown in 
this country by judges and legal writers of the highest character who 
flourished within that period. Thus Fortescue, who was chief-justice 
of the court of King’s Bench, and wrote his book, ‘De Laudibus Legum 
Angliwe,’ in the reign of aay VI., and who notices a case of false 
accusation under torture (which was probably the case of Sir Thomas 
Coke above mentioned), condemns the practice in the strongest terms, 
though he does not e: ly deny its existence in England. (Fortescue, 
cap. 22.) Again, Sir Thomas Smith, a very eminent lawyer, statesman, 
and scholar, who wrote in the early part of Elizabeth's reign, says that 
“torment or question, which is used by the order of the civil law and 
custom of other countries, is not used in England, It is taken for 
servile.” (Smith’s ‘Commonwealth of England,’ book ii., cap. 27.) 
And Sir Edward Coke, who wrote in the reign of James L, says 
“there is no law to warrant tortures in this land ; and there is no one 
opinion in our books, or judicial record, for the maintenance of them.” 
(3 ‘ Inst.” 35.) Notwithstanding this explicit denunciation of the 
practice as against law, both Smith and Coke repeatedly acted as com- 
missioners for interrogating prisoners by torture (Jardine’s ‘ Reading on 
the use of Torture in England’); and the latter, in a passage which 
occurs in the same book, and only a few pages before the words just 
cited (p. 25), impliedly admits that torture was used at examinations 
taken before trial, though it was not applied at the arraignment or 
before the judge. There is also a direct judicial opinion against the 
lawfulness’ of torture in England. In 1628, the judges unanimously 
resolved, in answer to a question _propounded to them by the king in 
the case of Felton, who had stabbed the Duke of Buckingham, “ that 


‘ 


he ought not to be tortured by the rack, for no such punishment is - 


known or allowed by our law.” (Rushworth’s ‘ Collections,’ vol. i., p. 
638.) And yet several of the judges who joined in this resolution had 
themselves executed the warrants for torture when they held minis- 
terial offices under the crown. Possibly the explanation of this incon- 
sistency between the opinions of lawyers and the practice maf be 
found in a distinction between prerogative and law, which was better 
understood two centuries ago than it is at the presentday. It was 
true, as the above authorities declared, that torture was not part of 
the common law ; it was not used in judicature, as it was by the Roman 
law and the legal systems derived from it in Germany, Italy, and 
Spain; and, therefore, in England no judge could by law direct the 
torture to be applied, and no party or prosecutor could demand it as a 
right. But that which was not lawful in the ordinary course of justice 
was often lawful for the prerogative of the crown, which authorised 
this mode of enforcing the discovery of crimes affecting the state, such 
as treason or sedition, and sometimes of offences of a graye character 
not political,—acting in this respect independently of, and even para- 
mount to, the common law, in accordance with the doctrine asserted so 
: v 
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: _ canil as nes | the words Whig and Tory were ret heard in thelr epplieation 


regio suam in multis casibus est suprh leges et consuetudines 
regno suo usitatas.” (‘Rolls of Parliament,’ 20 Edw. L, ap. 1292, 
vol. i.) This view of the subject is confirmed by the circumstance that 
in all instances of the application of torture in England, the warrants 
were issued immediately by the king, or by the privy council. Objec- 
tionable as the use of torture was in all countries and under all circum- 
stances, it was in no country so unjust and dangerous an instrument of 
power as in England. In other countries, where it formed of 
the law of the land, it was subject to specific rules and restrictions, 
fixed and determined by the same law which authorised the use of 
such an instrument, and those who tra: them were liable to 
severe punishment, But in England there were no rules, no responsi- 
bility, no law beyond the will of the king. “The rack,” says Selden, 
“is nowhere used as in England. In other countries it is used in judi- 
cature when there is semiplena probatio—a half-proof against a man ; 
then, to see if they can make it full, they rack him if he will not con- 
fess. But here in England they take a man and rack him—I do not 
know why nor when—not in time of judicature, but when somebody 
bids,” (‘ Table-Talk,’—Trial.) 
_ The particular modes of applying torture were as various as the 
ingenuity of man is fertile in devising the means of vamgem, Bans 4 
pain. Gunes and other Roman writers speak of the equ , Or 
eculeus, and the fidicule, as common instruments of torture ; but it is 
extremely doubtful what they were. Much discussion respecting them, 
and a reference to the various authors who have mentioned them, will 
be found in a treatise entitled ‘Hieronymi Magii Anglarensis de 
Equuleo Liber Posthumus,’ Amsterdam, 1664, The rack, which was 
common throughout Europe, was a large frame, in shape somewhat 
resembling a mangle, upon which the examinant was stretched and 
bound; cords were then attached to his extremities, and, by a lever, 
gradually strained, till, when carried to its utmost severity, the 
operation dislocated the joints of the wrists and ankles. This engine 
is said to have been brought into the Tower by the Duke of Exeter 
in the reign of Henry VL, and was thence called the Duke of Exeter's 
daughter. (3 ‘Inst.’ 35.) Besides the rack there were endless varieties 
of what were termed the “lesser tortures,” such as thumb-screws, 
pincers, and manacles. In England, one of the most dreaded engines 
of this kind was the scavenger’s daughter, so called by a popular 
corruption from Skevington’s daughter, being invented by Sir 
William Skevington, a lieutenant in the Tower in the reign of Henry 
VIIL (Tanner's ‘ Societas Europea.’) In Scotland the instruments 
were the boots, called in France “le brodequin” (in which the tor- 
ture was applied by driving in wedges with a hammer between the 
flesh and iron rings drawn tightly upon the legs); the thummikins ; 
the pinniewinks, or pilliewinks; the caspitaws, or caspicaws; and the 
tosots. (Maclaurin’s * Introduction to Criminal Trials,’ sect. 9.) The 
particular construction of these barbarous instruments it would be diffi- 
cult at the present day to ascertain, but several of them were in 
practical use in Scotland within twenty years from the final abolition 
of torture in that country in 1708. (Howell's ‘State Trials,’ vol. vi.) 
It is remarkable that although the use of torture in judicature has 
se beac in most civilised countries, it has been almost universally 


lenounced by enlightened jurists of all ages. Cicero repeatedly con- 
demns it a8 unjust and inefficacious; and even the civil | law, which 
sanctioned the practice in Europe for many centuries, of it 


as “a deceitful and dangerous instrument, which very o} fails to 
extract the truth.” (‘ Dig.” lib. xlviii., tit. 18.) “the opinions of 
eminent Hy me in England have been already cited ; and the juridical 
writers of the Continent, in more recent times, have unanimous! 
taken the same view of the subject. (Mittermaier’s ‘Deutsche Straf- 
verfahren, theil i.) On the other hand, a curious defené of torture 
will be found in Wiseman’s ‘ Law of Laws, or the Excellence of the 
Civil Law.’ 

TORUS. [Movtprxes,] 

TORY. This name has now, for about two hundred yeara, served to 
designate one of two principal political parties in this country. Itis not to 
be expected that for so long a time the name has been always associated 
with one uniform set of political principles, or that any formula could 
be devised which would accurately describe Toryism at every period 


of its history. Extending, like the name of the other principal 
political party, from the legislature Song every class of the com- 


munity, it would naturally, where the number of persons to be brought 
to concur in any change is xo large, preserve an meaning which it 
once acquired for a length of time, and throughout perhaps a general 
consistency of meaning; but on the other hand, engaged as the Whig 
and Tory parties of the legislature have been without intermission in 
a struggle for power, which power is attended by profit, they have 
been always exposed to the temptation, from whose insensible work- 
ings even the best disposed men are not secure, of altering and adapt- 
ing opinions so as to facilitate the gaining what they fight for, or the 
keeping what they have gained ; and the far more numerous members 
of the party who are without the legislature would generally follow 
those whom they look upon as their leaders, and by whose success 
every adherent of the Party has some hope of being benefited. 

name Tory, a8 well as the name Whig, and the existence 


of two parties in the state eras to those which have now 
been known for a lpng time as ig and Tory parties, date from the 


poke ry map harmeray ay bonis gherkar nape ely ry 
could devised, they became instantly as familiar in use as they 
have since continued, There were then indeed questions in agitation 
which rendered the distinction more broad and intelligible than it 
generally been in later times. One of these, and the most important, 
was the Bill of Exclusion, in which, as it was usually debated, 
republican principle, that all positive institutions of ‘society are 
order to the general good, came into collision with that of monarchy, 
which rests on the maintenance of a royal line, as either the end or 
at least the necessary means of lawful government. But as the exclu- 
sion was confessedly among those extraordinary measures to which 
men of Tory principles are sometimes compelled to resort in 
emergencies, and which no rational Whig espouses at any other 

we shall better perhaps discern the formation of these grand poli 
sects in the petition for the sitting of parliament, and in the 


Irish ; and being a vocal clear-sounding word, 
its hold, and took possession of the foul mou 
where as these men passed we could observe them breathe little else 
Tory.” (‘ Examen,’ p. 321.) Thus Dr. Johnson's first i 
of Tory in his Dictionary is, “‘ A cant term, derived, I suppose, from an 
Irish word signifying a savage ;” and Mr. Moore, in his ‘Memoirs of 
Captain Rock,’ sarcastically refers the history of the T La Brae 
general ‘ History of the Rogues and Rapparees.’ Si 
proceeds to give an explanation of the word Tory, which is perhaps as 
good a short general description of the principles of Toryism as is to 
be given :—* One who adheres to the ancient constitution of the state, 
and the apostolical hierarchy of the Church of England.” In other 
pcan be maintenance of things as. ee —— or, bigest 
great ge has taken place against the will of this party, things as 
Lin Berk, Be Ai the - inning been the prime erp 
‘oryism. The term, as pat Sneatinget ce party, is now n 
obsolete; no party, and few individuals, would choose to designate 
itself or themselves as Tory. 

The history of the Tory party, rising and falling in the state, may be 
traced in a series of articles in Knight’s ‘Companion to the Newspaper’ 
for 1834, 1835, and 1836, entitled ‘ Cha: of Administration and 
iosgel bit Parties ;’ or in Mr, G. W. Cooke's‘ History of Party,’ 3 vols. 
8vo, which is on the whole a useful publication, though its accuracy is 
not to be implicitly depended on. 

TOURBINE. [Tvunrsrye.] 

TOURN. [Leet.] 

TOURNAMENT, or TOURNEY, is from the French ‘ournoi, 
formerly tournoiement, for which the Latin writers of the middle 
use torneamentum, tornamentum, or turneimentum, and sometimes 
torna, torne, tornatio, tornerium, or torneta, The Byzantine annalists 
have transferred the word into ternementum (Tepveuevrov). There can 
be little doubt, though other etymologies have been that 
tournoiement means merely a turning or Le about, from the 
common French verb tourner, to turn. This will agree with other 
tourns. We have in England the sheriff's turn or tourn. Other bar- 
barous Latin words of the same connection are tornare, to turn about 
in fight, and also to call out or challenge to combat (in which last sense 
there is also the old French lui tourner (or torner), par gage de 
bataille); torneare, torniare, turneare (in French tournoier), tornig- 
mentare, and torneizare, to take in a tournament; torniator, a 

rformer in a tournament. (Du Cange, ‘ Glossarium ad Scriptores 
Nea. et Inf. Latinit.” vi.; Carpentier, ‘Glossarium Novum,’ iii. ; 
H. Spelman, ‘ Glossarium Archaiologicum ;’ Fr. Junii, ‘E 
gly goeascas ad vv. Journeying and Tournoy.) 

ke eee may be bry to ae ch taney vd coking 
which the ies engaged for the purpose of exercising an: 
their Baad a prowess, and skill in arms, and not either out of enmity 
(as in ordinary warfare), or even (as in the modern duel) for the mere 
purpose of wiping off some dishonourable imputation (a purpose which 
was served rather by the ancient ordeal or wager of battle than by the 
tournament). It is obvious, however, that although the primary and 
professed design of the tournament was nothing more than to furnish 
an exciting show, and to give valour and military talent an opportunity 
of acquiring distinction, other passions would be very apt to inter- 
mingle in the heat of contest with the mere ambition of superiority, 
and sometimes even to disguise themselves under that pretext. 

The origin of the tournament has been carried at least to the 
Roman times. Virgil's description of the game of Troy (ludus Troja, Ain. 
v. 545-602) is, in some Passages, not unlike what the name would lead 
us to suppose the tournament may have originally been, The tourna- 


TOURNIQUET. 
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ment, like the other customs of chivalry, must be properly considered 
to have taken its rise after the establishment of the feudal system. 
Some writers attribute the invention of the tournament to the 
Emperor Henry, surnamed the Fowler, who died in 936; and another 
common account, given on the authority of the Chronicle of Tours, 
and the Chronicle of St. Martin of Tours, is that its inventor was 
a Preuilly, ancestor of the counts of Anjou, who died in 
1066; but Du Cange, in his Dissertations ‘ De l’Origine et de l'Usage 
des Tournois,’ at end of his edition of Joinville, quotes various 
notices of tournaments held before the age of either of these personages : 
among others, one tvhich took place at the celebrated interview between 
Louis of Germany and Charles the Bald of France, at Strasburg, in 
841, as mentioned by the contemporary chronicler Nithard. Geoffrey 
of Preuilly perhaps introduced the tournament into Western France. 
From the French it appears to have passed to the English and the 
Germans, and, in a later age, to the Italians and the Greeks. Tourna- 
ments are said to have been first practised by the English in the time 
of Stephen; but they were forbidden by Henry IL, as they had 
already been by the church; and it was not till the reign of Richard 
Coeur-de-Lion that they were properly established in this country. 
The flourishing era of the tournament, here as well as in France and 
elsewhere, was in the 13th and 14th centuries; but it continued in 
frequent use down to the middle of the 16th, and was not altogether 
abandoned till a considerably later date, although the few tournaments 
that were held in the latter part of that century were rather such mere 
shows or spectacles as have been sometimes exhibited under the same 
name even in our own day, than the real combats which were so called 
in an earlier age. The accident of Henry LI. of France meeting his 
death at a tournament in 1559 almost at once occasioned the cessation 
of the practice éverywhere as well as in France; but the spirit by 
which it was formerly kept up had long before this been decaying 
under the influence of the various circumstances which, at least from 
the middle of the ig century, had been operating a general 
change in the social condition of Europe. Among the physical causes 
in question the chief may be considered to have been the introduction 
of firearms into war; among the moral, the extension of the com- 
mercial spirit, and the rise everywhere of a new literature, together 
bringing with them other habits, other tastes, another civilisation. 
The Church of Rome, however, it may be observed, which had set its 
face very stou By were tournaments from about the middle of the 
12th to the mi of the 13th century, prohibiting persons from 
engaging in them by some of its decrees on pain of excommunication, 
and denying Christian burial to such as lost their lives in these con- 
tests, had long been reconciled to them, and for some ages had rather 
cherished and encouraged the practice than otherwise. 

Tournaments were usually held on the invitation of some prince, 
which was laimed by his heralds throughout his own dominions, 
and at all the foreign courts or other places whence it was expected or 
desired that parties might come to take part in the martial competition. 
A detail of the forms and ceremonies that were observed in fixing the 
lists (or boundaries within which the fighting was to take place), in 

ing and accepting the challenges, in declaring the issue of each 
encounter, and in assigning and bestowing the ~ (which last office 
was often performed by female hands), cannot be attempted here. All 
these culars, er with the usual laws or regulations of the 
combat, and the e of fighting (which was commonly with lances 
and swords, and in the first instance always on horseback, although 

es who were dismounted uently continued the contest on 

), may be most conveniently learned from the many accounts of 
tournaments in Froissart and other old chroniclers, or even from such 
fictitious narratives as the ‘ Knight's Tale of Palamoh and Arcite,’ in 
Chaucer (or Dryden’s paraphrase of it), or that of the tournament at 
Ashby in Scott's ‘Ivanhoe,’ or from Scott in his ‘ Essay on Chivalry’ 
(‘ Miscellaneous Prose Works’). 

The distinction between a tournament and a joust, or just, is not 

clear. Du Cange makes the joust to be properly a single combat 


or duel, whereas in a tournament a considerable number of combatants 
were commonly on each side. But this distinction is certainl, 
not generally observed in the use of the two words; and our English 


archeologist, Spelman, who defines torniare, “ gladiis concutere, justas 
facere, hastitudium exereere,” does not appear to have been aware of 
it. The term jouste or joust has been derived, improbably enough, 
from the Latin jucta, “near to,” because, say the etymologists, the 
combatants here fought hand to hand, it is, no doubt, connected 
with the verb oP rel or jostle (in French, jouster), though possibly 
the original word may be best preserved in the Italian form giostra, 
which -the a writers have imitated in their r(ovorpa and 


cs was also the species of single combat termed a 

Terma passage of arms: it was at a pas d’armes that Henry 11. 
was ki On this subject, besides the works quoted above, the 
reader may consult the ‘Traité des Tournois, Joustes, Carrousels, et 
autres publics’ (par Claude Frangois Menestrier), 4to, Lyon, 
1669 ; and ‘ Mémoires sur l’ancienne Chevalerie, considérée comme un 
Etablissement politique et militaire, par J. B, de la Curne de St, 


Palaye, 3 tom. 12mo, Paris, 1759-1781. 
TOURNIQUET is a peculiar kind of bandage applied to a limb 


for the purpose of bap ae: J the current of blood through its main 
artery. Te is employed for purpose in seyeral cases, but especially 


in amputations of parts of the limbs, where large arteries have to be 
suddenly eut across. Before the invention of the tourniquet, surgeons 
used to constrict the limb with a simple tight bandage; but although 
this plan may well be resorted to in an emergency, it not only produces 
excessive pain, but, by obstructing the current through the veins more 
than that through the arteries, produces an extreme engorgement of 
the limb, and in amputation permits severe hemorrhage. <A slight 
improvement in this plan was that of twisting pieces of wood under 
the band, and so gradually tightening it; but the first instrument 
formed on the principles of the tourniquet was invented by Jean Louis 
Petit in 1718. Since that time various charges have been introduced, 
but at present the construction of all tourniquets is nearly similar, 
They consist of a very tough band, about an inch and a half wide, upon 
which there is a moveable leather pad, to be placed immediately over 
the artery on which it is desirable that the chief pressure should be 
applied. For this purpose, also, the surface of the pad must be 
directed towards the bone of the limb, that the artery may be pressed 
firmly against it. The rest of the band is passed round the limb, and 
is fastened by a buckle. It is tightened and loosened by means of a 
bridge of brass, which is capable of being elevated or let down by a 
screw passing through it, and at the ends of which there are two small 
rollers, around each of which the band is made to take a half turn. In 
use, the bridge and screw are placed on the opposite side of the limb 
to the pad. 

The tourniquet is now not so generally used as formerly, Many 
surgeons prefer to have the artery compressed during an amputation 
by an assistant, because the tourniquet is not free from the objection 
of compressing the veins as well as the artery, and is liable to accidents 
which cannot be instantly repaired. An instrument of a superior 
character has also been invented by Signor Signoroni, a surgeon at 
Milan. It is composed of two arches of steel, connected by a hinge at 
one end, and each ing at the other end a pad. an Archimedes 
screw ingeniously placed at the hinge, the pads can be approximated 
and separated like the ends of the blades of a pair of calippers, and 
can be immoveably fixed in any position. In use, one pad is put over 
the artery, and the other on the opposite part of the limb, and the 
pens? is Nem till, in their tendency to pe ocak pads have 

ently compressed the artery, upon whi one the pressure is 
thus uate to fall. ‘= : 3 

As already said, in an emergency, such as that of a wound of any of 
the large arteries of a limb, when medical aid is not near, the old- 
fashioned tourniquet should be instantly applied. A piece of strong 
tape or cord should be tied in a double knot round the limb above the 
wound ; a piece of wood, or anything firm, should be then passed under 
it, and twisted, just as packers tighten the cords round bales and boxes, 
till the flow of blood has ceased. For hniorrhage from large veins or 
small arteries, this tourniquet should not be employed, but simple 
pressure with the finger or the hand. 

TOWN, in its popular sense, is a large assemblage of adjoining or 
nearly adjoining houses, to which a market is usually incident. 
Formerly a wall seems to have been considered necessary to constitute 
a town; and the derivation of the word, in its Anglo-Saxon form 
“tun,” is usually referred to the verb “ tinan,” to shut or enclose, In 
legal language “ town” corresponds with the Norman “ vill,” by which 
latter term it is frequently spoken of in order to distinguish it from 
the word town in its popular sense, A vill or town is a subdivision of 
a county, as a parish is part or subdivision of a diocese; the vill, the 
civil district, being usually co-extensive with the parish, the eccle- 
siastical district, and, primd facie, every parish is a vill, and every vill 
a parish. Many towns however, not only in the popular, but in the 
legal sense of the term, contain several parishes, and many parishes, 
particularly in the north of England, where the parishes are exceed- 
ingly large, contain several vills, which vills are usually called tithings 
or townships. As until the contrary is shown the law presumes towns 
(or vills) and parishes to be co-extensive, Lord Coke goes so far as to 
say that it cannot be in law a vill unless it hath, or in times past hath 
had, a church, and celebration of divine service, sacraments, and burials, 
But this, for which no authority is given, appears to confound parish 
and vill, and to be inconsistent with the cases in which it has been 
held that a parish may consist of several vills. (1 Lord Raymond, 22.) 
The test proposed by Lord Holt is, that a vill must have a constable, 
and that otherwise the place is only a hamlet, an assemblage of houses 
having no specific legal character. Hence a vill is sometimes called a 
constablewick. Towns are divided into cities, boroughs, and upland 
towns, or (as we should now call them) country towns. Towns be- 
longing to the last of these classes have been described as places which, 
though enclosed, are not governed, as cities and boroughs are, by their 
own elected officers. The Anglo-Saxon “ tun” terminates the names 
of an immense number of places in England; and in the southern 
counties the farm enclosure in which the homestead stands is usually 
called the barton (barn-town), in Law Latin, bertona, 

TOWNLEY MARBLES, the name of an assemblage of Greek and 
Roman sculpture which now forms a portion of the extensive collection 
of antiquities in the British Museum, It received its appellation from 
Charles Townley, Esq., of Townley in Lancashire, who began forming 
this collection whilst residing in Rome between 1765 and 1772, a 
period when excavations on the sites of ancient edifices were eagerly 
prosecuted, Mr, Townley was a Roman Catholic, educated on the 
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Continent, and, being well connected, was in friendly relations with 
the authorities, and was at the same time in intimate association 
with Winckelmann, Gavin Hamilton, and other distinguished artiste 
and archwologists then resident in Rome, and who readily afforded 
their advice and assistance in his Thus aided, he succeeded 
whilst at Rome in bringing a very choice collection of ancient 
marbles, bronzes, gems, &c.; and after his return to 
England he continued to add to it by means of agents at Rome, who 
kept him apprised of any really valuable works which were brought to 
ight and open to purchase, as well as by the purchase of the collection 
previously formed by Nollekens, the sculptor, and any desirable a 
mens offered for sale in this country. After Mr. Townley’s death, in 
January, 1805, his executors, in accordance with the terms of his will, 
offered his collection of terra-cottas and marbles to the nation. The 
government acce the offer, and a vote of 20,000/. was obtained for 

e e bronzes, coins, and gems were subsequently (1814) 
purchased for 82002. The purchase of the Townley marbles rendered 
necessary the erection of a suite of rooms to contain these and the pre- 
viously acquired works of ancient art, and led to the creation of a new 
a ent under the title of the Department of Antiquities. The 

ion was opened to the public in 1807, and was called the Townley 

; but since the rooms originally built for the collection have 

been swept away to make room for the present structure, the Townley 
marbles have been incorporated with the general collection of Graco- 
Roman remains, or “ works discovered in Italy, but owing their origin 
and character, either directly or mediately, to the Greek schools of 
sculpture.” Of these works which fill the Greco-Roman galleries in 
the British Museum, the Townley collection forms the most important 
portion, both as regards extent and character. It would be out of 
place to particularise here the specimens of a collection which is now 
incorporated in the national collection, but we may mention that 
among the statues belonging to it are the exquisite Aphrodite, or 
Dione (given in this work under Dione) ; the Discobolus (the finest of 
its kind extant, engraved under DiscopoLvs); the well-known Drunken 
Faun; a fine bronze Heracles [Henacies], a Fortune, and several 
more of a very high character: that among the rilievi are, Achilles; 
the Muses ; the "pwc graceful Bacchante, and various Dionysiac 
groups, given under Dionysia; and that the busts include some of the 
noblest character, including an early Heracles; the Hera, given under 
that name; others of Athene, Zeus, Apollo, and other of the Olympian 
deities; the terminal Pan; the very beautiful female head rising 
from the petals of a water-lily or lotus, known as the Clytae; the 
majestic Homer; with others of the finest of the Greco-Roman 
period, and many of Roman date. There are besides some very fine 
sculptured yases, sepulchral urns, cippi, altars, &c., in the Graeco- 
Roman rooms, as well as the terra-cottas which formed a part of the 
original Townley collection. A full account of the Townley Marbles 
will be found in the two volumes published under that title in the 
‘ Library of Entertaining Knowledge.’ ns 

TOWNSHIP. This term is sometimes used to denote the inha- 
bitants of a town in their collective capacity. In legal signification it 
is a vill forming part ofa parish in cases where a parish has been divided 
for secular purposes into several vills or townships. 

TRACERY, in architecture, a term of uncertain origin, and almost 
peculiar to our own architectural vocabulary, there being no cor- 

mding term in any other language to denote with equal brevity 

clearness that species of pattern-work formed or traced in the head 
of a Gothic window by the mullions [Mutton] being there continued, 
but diverging into arches, curves, and flowing lines, enriched with 
foliations. The term is also applied to ornamental design of the same 
character, whether for doors, panelling, or ceilings; the only difference 
being that in windows the pattern or tracery is perforated, and in 
other cases closed, that is, is a mere pattern carved on the surface of a 
solid part; except in particular instances, where the tracery on 
parapets, battlements, turrets, spires, &c., is pierced, and then it is 
described as open-work. The latter term necessarily implies tracery of 
some kind or other, though “tracery” does not imply “ open-work,” 
the latter being merely an exception from the usual mode. 

Much both of the beauty and character of the Gothic or Pointed 
style depends upon windows and their tracery ; and it is one great and 
peculiar merit of the style, that such indispensable apertures for the 
admission of light are made to constitute some of its most striking 
features, and to exhibit very forcibly the pervading principle of the 
entire system. On referring to Gorntc Arontrecturs, col. 440, it 
will be seen that tracery does not occur in the First Pointed or Early 
English style, for there the windows consist merely of so many single 
apertures, placed side by side, and united only by their external 
mouldings, instead of being included within a larger arch. The first 

ple followed was therefore rather of addition than of combination ; 

ate soon mie ao idea was adopted, it necessarily led to the 
continuation « window by perforating the ¢ num, or space 
between the smaller arches and the one ore tens At. first 
this was usually done by filling up the Aead of the window with a 
single circle cut into foils, with the spandrels or smaller 
triangular spaces 80 uced. Of such whakivs an example from 
Westminster Abbey is shown in the column above referred to, and in 
the following columns are other instances where tracery of the same 
character becomes more elaborate and complicated, either by the circle 


repeated, as in the example from York, or subdivided 
ornamental compartments, as in that from Exeter. 
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f from Kirton, which is 
long with the others above mentioned. In Third Pointed or 

dicu rep! rod a , the lines of the mullions are 

in the head of the window, 1 Manetiok ara) prope iced 

subdivided into smaller ones, The is a specimen 

window, from St. Mary's Church, Oxford, r 
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What is called Flamboyant tracery is a species of the Flowing 
peculiar to French Gothic, and is remarkable not for 

its richness and intricacy, but for ore srreipaleity, the the 
te compartments not being ectly symmetrical, although one 

half of the window corresponds with the other. To the above- 


in consequence of some of the mouldings ing to be broken 
and leering only short ends or stumps where ay intersect other 
lin 


es, 

TRACHEOTOMY is the operation of cutting into the trachea. It 
is sometimes also called Bronchotomy ; and a similar operation on the 
lower part of the larynx is named Laryngotomy, The of the 
parts principally concerned in these o ions will be found in the 
articles Larynx and Respiration, in Nat, Hist, Dry, 

Tracheotomy may be performed for several purposes; as, to form an 
aperture either for the admission of air into the lungs, when the 
fauces, or upper parts of the air- are obstructed, or for the 
extraction of foreign bodies from the adjacent parts of the air-passages, 
or for the facility of inflating the lungs in s animation, In 
the first view it may be n in many diseases ; such as croup, 
acute laryngitis, edema of the glottis, severe cases of E earl tumours, 
and other growths in the larynx or ing on it, and diphtheria ; in all 
of which the through the glottis is frequently closed, not 
merely by the swelling of the membranes around it, or the enlargement 
of the adjacent parts, but by the spasmodic and fixed contraction of 
the muscles whose office it is to approximate the vocal ligaments, The 
relief afforded by the operationis often instantaneous, and, for a time, 


complete ; but its ultimate results are less certain, for though it may be 
sufficient to prevent the impending suffocation, it has no influence in 
arresting the original disease. On the con , the operation itself is 


not without danger; and that, both from the accidents that may occur 
in its rmance, and from its subsequent effects; and therefore, 
although no general rule can be laid down, its should not 
be undertaken unadvisedly, nor in any cases in which it is not abso- 
lutely and almost immediately necessary for the preservation of life, 

In its performance a yertical incision is first made in the median line 
of the throat, either below the thyroid gland, or more or less above it, 
according to the circumstances of the case and the object to be accom- 
plished. The dissection must then be continued carefully onwards in 
the same direction, pushing aside the sterno-hyoid muscles, and what- 
ever veesels lie in or near the middle line, till the trachea is completely 
e . When the hemorr has ceased, or is but slight, the 
trachea must be , first by a vertical incision, and then by 
removing portions of one or more of its rings, according to the size of 
the aperture that is required. Through the opening a short silver 
canula must be introduced, and, as often as is rendered necessary by 
mucus accumulating in it, must be removed, cleaned, and again intro- 
duced, The means to be subsequently adopted must vary with the 
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of each case: if the obstruction is removed, the wound 
in the trachea be healed, but if not, the canula must be worn for 
the reab of inate BEABeGperation were performed for the removal of a 
foreign body, or for the inflation of the lungs, no canula need be intro- 

ced, but the wound should be closed as soon as the main object is 


TRACTION, in Mechanics, is the act of drawing a body along a 
plane, usually by the power of men, ani , or steam; as when a 
vessel lye the surface of water or a carriage moved upon a 
The power exerted in order to produce the effect is called the 


experiments have been made for the purpose of ascer- 
the value of a force so exerted; and when men are employed 
to draw laden boats on canals, it is found that if the work be continued 
for several days su ively, of eight hours each, the force of traction 
is equivalent to a weight of 314 lbs., moved at the rate of two feet per 
second, or 1} mile per hour (it being understood that such weight is 
i to be raised vertically by means of a rope passing over a 
,and drawn in a horizontal direction). The force of traction 
exerted when, without moving from his place, a man pulls horizontally 
against a weight so suspended, is estimated at 70 lbs. The action of a 
horse in drawing a vessel on a canal is said to be equivalent toa 
weight of 180 lbs. raised vertically, as above supposed, with a velocity 
Lyne lala Seep gna dlernebeey fey anced pag 
i too high ; and from experiments which have been made on 
the power of horses in waggons, carts, and coaches, on level ground, it 
is found that the force of traction exerted by a stout horse is equivalent 
to 80 Ibs. raised at the rate of 42 feet per second, or 3 miles per hour. 
Mr. Tredgold considers that a horse exerts a force of traction expressed 
by 125 lbs. raised at the rate of 33 feet per second, or 24 miles per hour. 
A man or a horse can however double his power of traction for a few 
minutes without being injured by the exertion ; and when the carriage 
is in motion, so that the friction on the ground is alone to be over- 
come, a horse can draw, during a short time, on a level road, a weight 
exceeding 1500 lbs. 
The force of traction is found to vary near] with the term (w—+)*, 


g 


carriage is moved. From theoretical con- 
a determined that the greatest effect is produced 
when the velocity of the object moved is one-third of that with which 
the man or animal can walk when unresisted. 


E 
{ 


If a wheel-carriage were situated on a level plane which no 
resistance, it is evident that, whatever were the diameter of wheels, 


the smallest conceivable power of traction applied to the axle would 
suffice to put the carriage in motion. But when a wheel in moving 
meets with an obstacle on the ground, that obstacle is pressed at the 
(as rape pec gti mer seer tiperephy iain 
the centre of the wheel, and arising from that part of the weight 
which is supported by the wheel, together with the force of traction ; 
therefore by the “ resolution of forces,” the ratio between the resistance 
which is to be overcome by the moving-power and the weight on the 
wheel will become less as the diameter of the wheel is increased : also 
us direction in which the force of traction can be 

i to the line of drawn from the centre 
to the obstacle. But the height of the wheels cannot 
limits depending on the use to which the iage is 
when the latter has four wheels, the height of those 
are in front must be such only as will allow it to be turned 
round within a given space; also, when a horse is employed to move a 
i to the conditions under which his 


M. Deparcieux, and published in the 

* Mémoires de l'Académie des Sciences, 1760, that horses draw heavy 
than by their muscular force. Dr. (Sir 

when the resistance is 


i 
\ 


s 
i: | 
re 
iY 
ie 
i” 
a 
= 
_ 


feet as a fulcrum, he allows his body to descend by its weight, and 
thus overcomes the obstacle: and it may be 
action takes place with a two-wheeled carriage, if the loading is dis- 
so that some portion of it may on the horse’s back, the 

animal's weight will aati increased. Now if the 
e shafts of thé carriage, were attached to the horse’s collar 
tre of gravity, a line imagined to be drawn from the latter 
hinder-feet may represent his weight, and a line drawn 


from his feet upon a plane passing through the traces 
or may represent the lever of resistance: but while the former 
line remains the same, this lever becomes less as the plane of traction 
(that of the traces or shafts) inclines more upwards from the wheel ; 


tageous! Se Uiccester cf the wheel should be os taall on i 

y é Co) wheel should be as small as is 
Sores Tae : 

ents have shown that when the angle of traction, as it is 

that is, the angle which the plane of the traces makes with the 


road on which the carriage is moving, is 15 or 16 degrees, a horse pulls 
with on net Gees ce ee ee eee 
to a horse’s collar about 4 feet 6 inches from the 


ground, it follows that, in order to obtain this inclination, the lower 
extremities of the traces or shafts should be 2 feet 3 inches from the 
ground. In general however, in two-wheeled carriages, the height of 
these extremities is about 3 feet. 

As an example of the force of traction exerted by steam, it may be 
stated that on a level line of railway, an engine with an 11-inch 
eylinder, and having an effective pressure of 50 lbs. per square inch in 
the boiler, drew 50 tons at the rate of 30 miles per hour, working 10 
hours daily; and that the same engine, with an equal pressure in the 
boiler, drew 160 tons at the rate of 15} miles per hour. (Pambour 
‘On Locomotive Engines.’) The resistances to be overcome, or, in 
other words, the efforts of traction required upon the various systems 
of intercommunication, may be stated as follows :— 

Ratio of Traction 


to weight. 
Ordinary macadamised roads in good state, horse walk- Tis ao 95 
ing at useful velocity . . . . . eyes 
Ordinary macadamised roads in good state, horse trotting 1 to 14 
Ordinary macadamised roads, paved, horse walking -» . 1 to 50 
Wooden road 


” * 
Tramway, of granite blocks, horse walking . . » 1 to 180 
Railways, velocity 20 miles per hour . ‘ 1 to 200 
Pe n 30 miles per hour . . e 1 to 100 
Canal of small section, small velocity, 2 milesperhour . 1 to 600 
” Po ” 4miles ,, -« 1 to 150 
” e + * Smiles ,, - 1 to 37 
Canal of large section, 2 miles per hour . . 1 to 1000 
ra na 4milesperhour . . « «1 to 250 
+ ” 8 miles per hour. . . 1 to 62 


TRACTRIX, or TRACTORY, the name given to a curye described 
by a heavy point attached to a string, the other end of which is 
moved along a given straight line or curve. For some account of this 
curve, which is of no interest except as a mathematical exercise, see 
Peacock’s Examples, page 174, 

TRADE, BOARD OF. The department of the English government 
popularly known under this title is a committee of the Privy Council, 
and its proper designation, which correctly defines its principal 
functions, is—“ The Lords of the Committee appointed for the con- 
sideration of all matters relating to Trade and Foreign Plantations.” 
This department is practically under the direction of a president and 
vice-president ; the other members of the Board or Committee are,— 
the Lord Chancellor, the Archbishop of Canterbury, the First Lord 
of the Treasury, the principal Secretaries of State, the Chancellor 
of the Exchequer, the Speaker of the House of Commons, the 
Chancellor of the Duchy of Lancaster, the Paymaster of the Forces, the 
Treasurer of the Navy, the Master of the Mint, and such officers of 
state in Ireland as are privy councillors in England; but those 
functionaries do not ordinarily interfere with or assist at the delibera- 
tions of the president and vice-president. The clerks of the council 
are, ex officio, secretaries of the Board of Trade, but that duty is 
performed by two joint assistant-secretaries. 

The president and vice-president of the Board of Trade exercise, in 
effect, the duties which in other countries are performed by the 
minister of commerce. Their office is not indeed executive, but rather 
consultative, the orders rendered necessary by their decisions being 
given by the Lords of the Treasury or by the secretary of state, as the 
case may require, The functions of this board have been of late years 
considerably extended, its duties being some of them of a ministerial, 
and others of ajudicial character. It has the general superintendence of 
matters relating to merchant ships and seamen, and the carrying into 
execution of the statutes in force relating to them. For that purpose 
it has to require and receive various kinds of returns as to trade and 
navigation, and originate and consider reports made to it by its 

and other officers. It has also a partial control over local 
marine boards, and may lay down rules as to the conduct of examina- 
tions, and as to the qualification of applicants for the posts of masters 
and mates of foreign-going as well as of home-trade passenger-ships. 
(Surrs.] It grants licences to persons to engage or supply seamen or 
apprentices for merchant ships in the United Kingdom, adjudicates on 
claims for wages, and investigates cases of alleged incompetency and 
misconduct (17 & 18 Vict. c. 104). The Board also appoints officers to 
report on the condition of steam-vessels and their machinery (14 & 15 
Vict. c. 79). 

The Board of Trade exercises a supervision over railways and railway 
companies, not only with respect to their original formation, but also 
as to their subsequent working. Railways were first placed under this 
control by the statute 3 & 4 Vict. c. 97. A few years afterwards the 
powers of the Board in this respect were transferred to a Board of 
Commissioners of Railways; but in 1851 all the powers of this latter 
board were transferred to the Board of Trade (14 & 15 Vict. c. 64). 
Notices of application for Railway Acts, accompanied by plans, must 
be deposited with the Board, before any bill can be introduced into 
Parliament; and before a line can be opened for traffic, notice 
must be given to the Board, and its Meee: obtained, on the 
report of an inspector, appointed by the Board for those and other 
general purposes, So, when accidents occur, notice must be given to 
the Board, and an a Pag is generally sent to inquire into the 
circumstances, and on his report the Board may cause alterations to 
be made for the greater safety of the public. 
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The Board of Trade, through the medium of its registrar, is also 
with the registration of all Joint-Stock Companies (19 & 20 
Viet. o. 47). By the statute giving a copyright in designs, their 
registration is effected by the Registrar of the Board of Trade (5 & 6 
Vict. c. 100; 6 & 7 Vict. o. 65; 13 & 14 Vict. o. 104; 14 & 15 Vict. o. 
8; 15 & 16 Vict. c. 6), The Board also controls he eee, 
the Commissioners for regulating the employment of coal-whippers and 
the discharge of coal laden v in the port of London (6 & 7 Vict. c. 
ci. (local and personal); 9 & 10 Vict. c. xxxvi.; 14 & 15 Vict. c. 
lxxviii.). A department of the Board of Trade has the immediate con- 
trol of the Government schools and museums of science and art, as 
explained under Sorenck anp Art, DerantMent oF. Lastly, another 
department of the Board of Trade is charged with the collection and 
publication of tables, containing information with respect to the 
revenue, trade, commerce, wealth, population, and other statistics of 
the United Kingdom and its dependencies, as well as of foreign 
countries. The otlicers of another department collect and prepare the 
tables of the prices of corn, which formerly, and before the abolition of 
the corn-laws, regulated the amount of duty, and still govern the rent- 
charge in lieu of tithe under the Tithe Commutation Act (Blackst. 
*Comm.,’ Mr. Kerr's edit.). 

TRADE AND SHIPPING. The foreign trade of England is coeval 
with its earliest history. It must not, however, be supposed that the 
commercial dealings of those early days bore much resemblance to 
those of more modern times. The visits of foreigners to our shores 
(for England was an exporting country before its inhabitants were 
become ship-owners or navigators) were then confined to procuring tin 
from Cornwall. We may be certain that those by whom this earliest 
British trade was conducted did not obtain the metal without leaving 
in exchange that which was considered more valuable by the miners. 
Of what those importations consisted we are not precisely informed. 
“Salt, earthenwares, implements made of copper, of ivory, and of 
amber,” are said to have formed the principal merchandise at that time 
imported into Britain; but no mention is made of wool, which after- 
wards, and at a comparatively remote period of our annals, became a 

incipal article of export from this country. We learn from Madox’s 

History of the Exchequer’ that in the reign of Richard I. Gervase 
de Aldermanbury accounted, as chamberlain of London, for money 
received as fines from merchants for leave to export wool. In 1275, 
according to Rymer (tom ii, p. 50), wool was allowed to be exported 
upon payment to the king of 10s. per sack. Within the next twenty 

ears the custom of wool was raised to 20s. the sack, and in 1296 was 
urther raised at the will of the king to 40s, the sack, This export 
duty has been justified on the ground of its being a tax upon the 
foreign manufacturers or consumers, to whom English wool was an 
article of necessity ; but the duty acted as a burden upon the grower, 
not ha fis respect of his surplus quantity which was necessarily 
exported, but also because the price of the remainder was as necessarily 
governed by the net value that could be obtained for that surplus. 
Accordingly we find that this imposition of customs upon the export 
of wool was a frequent cause of ill feeling between the commons and 
the crown. 

In a statement of the trade of England, said to have been found 
upon record in the Exchequer, and quoted in a tract called the ‘ Circle 

Commerce,’ published in 1623 by Edward Misselden, the list of our 
exports comprised only wool, coarse woollen cloths, and a small 
quantity of leather, amounting in value to 294,184/, including the 
export-duty; while the imports included fine woollen cloths, wax, 
wine, linen cloth, mercery, and grocery wares, to the amount of 
38,9701. The shilling at that time contained 213 grains of silver, 
Taking into account the different value of money then and at present, 
these values are equivalent to 728,6062. and 96,5181. of the present coin 
respectively. This statement of imports and exports does not appear 
entitled in all respects to be considered accurate; but it is remarkable 
that this circumstance was brought forward and commented upon 
as the proof of “an extraordinary balance of trade in favour of 
the nation,” a strange conclusion from such premises, It is now 
generally acknowledged that the commerce of a country to be successful 
must include in the value of its imports the whole value of its exports, 
together with the gain which forms the sole inducement of the 
merchants by whom it is prosecuted. 

Still, however, the trade and commerce increased, and from the 
beginning of the present century has continued to increase till it has 
attained a most colossal importance, This has arisen in a great degree 
from a juster perception of the true principles of political economy, and 
algo from the vast improvement in mechanical contrivances for the 
diminution of mere manual labour, of which the application of the 
Lo mee of steam by the invention of Watt, may be deemed the chief. 

t is due also to the memory of Pitt to say, that he early perceived 
the truth of the principles propounded by Adam Smith, and in the 
commencement of his career endeavoured, though circumstances 
rendered his efforts ineffective, to establish a more liberal, if not an 
entirely free trade, Old prejudices and the war with France combined 
to prevent the adoption of those principles, and the first quarter of the 
century showed little permanent increase. Thus the official value of 
imports in 1802 amounted to 29,826,210/, and the declared value of 
exports to 45,102,3301.; while, with considerable fluctuations in the 
interval, in 1825 the imports only reached 44,187,482/,, and the exports 


$8,877,388/., the latter including Ireland, which the former does not, 
but the amount of Irish trade was not great, The official valuation is, 
however, deceptive, as the price fixed does not represent the real value. 
This commerce was carried in 1802 inwards by 7806 British ships, 
registered at 1,383,005 tons, and 3728 foreign ships with a total of 
480,251 tons, and outwards in 1802 by 7471 British ships, registered 
at 1,177,224 tons, and 3332 foreign vessels with 457,580 tons. In 
1836, the official value of im; 
the declared value of exports to 53,368,5714, and the number of 
British ships inwards to.14,347, of an burden of 2,505,473 
tons, and outwards to 14,207, of a burden of 2,531,577 tons, and the 
foreign ships inwards to 7131, of a burden of 988,899 tons, and out- 
wards to 7048 ships, and a burden of 1,035,120 tons. In 1846, the 
tariff was materially reformed, and successive improvements have been 
since introduced ; and in 1854, the real value of the total imports into 
the United Kingdom was 152,389,054/.; in 1855 it was 143,542,850L, 
and in 1856 it was 172,544,154, These values are computed from the 
average prices fixed for the articles, which are chiefly entered - 
quantities at the Custom House, The value of the exports is i 

from the declared value set on the articles, except in the case of foreign 


and colonial produce, of which the price is computed in the same way 


as with the im: In 1854 the total value of expurts amounted to 
115,821,092/., of which 97,184,726/. were for the produce or manufac- 
ture of the United Kingdom, the remainder being for foreign or 
colonial eigen In 1855 the total value was 116,691,300/., of which 
95,688,085/. were for the produce or manufactures of the United 
Kingdom ; and in 1856 the total value amounted to 139,220,3531, of 
which 115,826,948/. were for home productions; the official values of 
the exports show a singular contrast to the real values; are for 
the three years respectively, 29,808,044/,, 31,494,391/., and 33,423,724, 
The official values of the imports for the three years show less dis- 
crepancy ; they were 124,136,018/., 117,284,881/,, and 131,987,763. 

he remissions or reductions of duties on imports during the suc- 
ceeding years contributed to the continued increase of trade and com- 
merce ; for the year ending December 31, 1860, the amount of the 
principal articles imported was 169,131,063/., and this does not 
include a variety of other importations, of which een box of large 
amount, as, for instance, animals, living, of which in year there 
were imported 77,010 oxen, bulls, and cows, 27,559 calves, 320,219 
sheep, and 24,452 swine and hogs; pearl and potashes, of which there 
were imported 141,087 cwts.; bark, 418,069 cwts.; brimstone, 
1,007,503 cwts.; bristles, 2,534,217 lbs.; caoutchouc, 43,039 ewts. ; 
clocks and watches, 497,386 in number; nor eggs, in number 
167,695,200, with a few other items. 

The principal articles imported, in addition to those above men- 
tioned, were—in articles used for diet—coffee to the value of 
2,543,2111., of which 1,818,213/. was from Ceylon; 887,226. from 
other British possessions, and the remainder from foreign countries. 
Corn to the value of 16,554,083/., of which 4,323,808/ was from the 
United States ; 3,551,9074 from Russia; 3,410,161/, from Prussia; 
1,610,762/. from France; and the rest from Egypt, Moldavia, Walla- 
chia, and other countries, Barley, oats, peas, beans, and Indian corn 
to the value of 10,558,162/. Wheat-meal and flour to the value of 
4,320,5581, of which the United States supplied to the value of 
1,826,5820. ; France, 1,594,080/.; and the rest from the Hanse towns and 
other countries. Currants and raisins to the value of 1,253,670, Bacon, 
870,286. Butter, 4,078,017. Cheese, 1,597,5601, Eger, 478,6581. Rice, 
not in the husk, 1,023,1087. Spirits—rum, brandy, and Geneva, to 
the value of 1,918,839/.; and wine to that of 4,201,434/., of which 
1,734,6132, was contributed by Spain ; 1,036,620/. by France (almost 
twice as much as in 1859); 898,336. by Portugal, and the rest 
various countries. Sugar of all kinds, te sugar-candy an 
molasses, to the value of 12,106,069/., of which, of the raw sugar of all 
kinds 7,110,203/, came from British possessions, and 4,727,658/. from 
foreign countries. Tea, 6,944,042/., an increase of 1,132,497/, over 
1859. To , to an aggregate of 1,777,632. Of articles used in 
manufactures, we imported cotton to the value of 35,756,889/., the 
United States supplying it to the amount of 30,069,319/.; the British 
East Indies, 8,378,614/.; Egypt, 1,480,895/.; Brazil, 561,9492.; and 
only 271,112, from all other countries, The total quantity imported 
was 1,390,938,752 lbs, Flax to the value of 3,836,770/. was imported, 
three-fourths being from Russia and Prussia; and hemp valued at 
1,199,0182., of which 907,442/, was from Russia, the rest from various 
countries, with jute and other substances used as substitutes for 
hemp to the value of 665,764. Hides, dry, wet, and tanned, or dressed, 
to the value of 8,296,512/, , to the value of 2,528,888/7. Of 
metals—copper to the amount,of 2,218,141/., Chili and Cuba fur- 
nishing the largest amount, though Australia sent ore to the amount 
of 173,0612.; iron, 659,6200.; lead, 468,485/.; spelter, 499,6367.; tin, 
887,307/. Oils—train, es a palm, and olive—to the value of 
8,928,2350. Saltpetre and cubic nitre to the value of 1,165,815/. Silk, 
raw and thrown, to the value of 10,323,8372, of which raw silk to the 
value of 6,829,496/. were supplied by the British East Indies and 
Egypt, 2,185,742. by China, while the whole of the thrown silk 
only amounted to 336,991/., of which 172,357/. came from France, 
Tallow, to the value of 4,014,280/., of which 3,040,9977. was supplied 
by Russia, only 33,8307. by Australia, and the rest by South America 
and other countries. Timber, to the aggregate value of 9,206,0927,, 


had increased to 57,023,867/, and _ 
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of which British North America contributed 4,309,2351.; Sweden and 
Norway, 2,169,545; Prussia, 1,093,412/.; Russia, 783,388/.; and the 
remainder by various countries. Wool, to the value of 10,704,922/., 
of which 5,387,078/. was furnished Australia; 1,187,748/., by 
British possessions in South Africa; 699,861, by the British East 
Indies; and the rest from various places, chiefly through the Hanse 
towns; together with alpaca and llama wool to the value of 326,5571., 
and woollen manufactures not made up, to that of 918,927/, For 
agricultural , we imported guano to the value of 1,563,145/. ; 
oil-seed cakes to that of 910,840, and flaxseed and linseed to the 
amount of 3,391,938/. ; but of this a large portion was for manufacture 
into oil. The total imports amounted to 210,648,643/. The customs 
duties for the year amounted to 23,032,395I., a decrease of 1,862,184/. 
on those of the p: ing year. 
_ The declared value of British and Irish produce and manufactures 
exported during the same year (1860) was 135,842,817/. This does 
not include the foreign and colonial articles re-exported, which 
amounted in declared value to 5,136,652. The chief articles were— 
apparel and slops, to South Africa, Australia, other British ions, 
and to foreign countries, 2,156,348/. Beer and ale, of which the East 
Indies, Australia, and the United States were the chief consumers, 
1,863,998. Printed books, 494,915/. Butter, 633,280/. Cheese, 
118,8597 Coals and culm, 3,321,539/., of which France took 566,109/. 
Cotton (woven), 40,342,8191., of which the Hanse towns took 
1,191,7031.; Turkey, 2,789,954/.; Egypt, 1,045,988/.; the United 
States, 3,848,750/. ; i West Indies, 1,062,965.; Brazil, 
2,300,1012.; China, 3,157,3591.; Java, 1,057,6171.; British North 
America, the West Indies, and South Africa, 1,528,106/.; the East 
Indies, 10,518,094/., no other country reaching to a million; while 
other cotton manufactures, such as lace, net, stockings, countéerpanes, 
and small wares, and sewing thread, were exported to the value of 
1,795,5931., and cotton yarn to the amount of 9,875,078/. Earthen- 
ware and in, 1,440,998/, Glass—flint, window, bottles, and 
plate, 653,224/. Haberdashery and millinery, 4,011,277/. Hardware 
and cutlery, 3,772,035/. Leather, tanned and manufactured, 
2,129,094/. Linens (woven), 4,432,823/., with thread lace, thread and 
tapes, 369,380/, and linen , 1,800,9271. Machinery, including 
steam-engines, 3.825,3614. etals :—iron, including lg, ba, railway, 
wire, cast, wro of all kinds, and steel, 12,158,355/.; copper, of all 
sorts. including |, 3,001,992/.; lead, of all sorts, 699,648/. ; tin and 
tin plates, 1,862,150/., of which the United States took 1,018,0567. Oils, 
from seeds, 1,132,324/. Silk, manufactured, 1,577,001/.; with thrown 
silk and silk twist and yarn, 822.2917. Soap, 249,876/. Soda, 982,906U. 
Spirits, British, 2866511. Stationery, 720,721/. Sugar, refined, 
,762l. Telegraphic wire and apparatus, 250,655/. Wool, 868,781/. 
Woollen cloths and other manufactures, 12,192,8611., for which the 
United States were the largest customers, though the di 
pretty general ; and woollen and worsted yarn, 3,843,3961. 
ing.—This enormous trade requires a nding amount of 
i In 1860, there Were entered inwards with cargoes 20,104 
ships, of an aggregate burden of 5,762,464 tons, an average of 
286 tons each; and 18,270 foreign vessels of 4,292,823 tons, an average 
of 235 tons; an increase of both British and foreign over the years 
_ 1858 and 1859: and there were cleared outward with cargoes 23,713 
British ships, of an seprogate burden of 6,359,103 tons, an average of 
260 tons each ; and 20,777 foreign ships of 4,425,488 tons, an average of 
only 205 tons. The greatest number of foreign ships was that of the 
Danes, 2957 entered inward, and 3362 cleared outwards; the Nor- 
wegians sent 2862 vessels, and cleared out 1746; but the shallow 
waters of the Baltic necessitate the use of small ships, so that the 
tonnage of the two inwards was only 929,483, ere xy 677,605 tons, 
oe ee only 140 tons each. The largest amount of tonnage is 
dees nited States, who entered 1,361,021 tons in 1417 ships; and 
out 1,367,988 tons, in 1456 ships, an average of 945 tons each. 
Inwards Russia sent 435 ships of 125,612 tons; Sweden, 1119 ships of 
181,755 tons; Prussia, 1795 ships of 425,436 tons; Mecklenburg and 
Oldenburg, 722 ships of 144,088 tons; Hanover, 970 ships of 81,196 
tons, an average of only 84 tons ; the Hanse Towns, 580 ships of 212,006 
tons; Holland, 1501 ships of 185,098 tons; Belgium, 257 ships of 
54,106 tons ; France, 2187 ships of 18¢,524 tons; Spain, 244 ships of 
67,048 tons ; Portugal, 147 ships of 33,638 tons; Sardinia and Sicily, 
493 ships of 118,914 tons; Austria, 467 ships of 152,058 tons; Greece, 
59 ships of 16,125 tons; other European countries, 38 ships of 12,280 
tons; and other countries in America, Asia, and Africa, 20 ships of 
6355 tons. Outwards there were cleared, in addition to those men- 
tioned above, from Russia, 396 ships of 116,991 tons; S , 1163 


ion is 


repeated voyages when entered or cleared with cargoes, the number of 
ships employed is not shown, but only the number of voyages made, 
These, in 1850, were, inwards, 153,782, and the aggregate burden 
was 17,003,411 tons, of which only 102,223 tons came in 666 foreign 
bottoms. Outwards there were cleared 157,419 ships of 17,014,399 
tons, of which 644 foreign vessels carried 100,056 tons. 

The total number of registered ships in 1860, not including river 
steamers, was 20,019, of an aggregate burden of 4,251,739 tons; of 
these 929 were steamers of 399,494 tons burden. The number of 
men employed in these vessels was 171,592, exclusive of masters. The 
total number of vessels built and registered in the year was 1016 of 
saree tons burden, of which 198 were steamers of 53,796 tons 

en. 

TRADE WINDS. [Wuxs.] 

TRADER. [Bayxrvurr. 

TRADITION (from the Latin tradere) comprises, in the widest 
sense of the word, all that has been handed down (que tradita sunt) 
to us concerning the events of the past, and in this sense all history is 
tradition.. In the early ages of mankind and of every nation, when 
the art of writing was unknown or little used, all history was handed 
down by oral communication from generation to generation without 
written records, Afterwards, when the accounts thus propagated were 
written down and assumed a definite shape, or many shapes, according 
to the information, the opinions, or the judgment possessed by the 
person or persons who wrote them down, such accounts were found to 
differ materially from accounts written by eye-witnesses at or soon 
after the times when events happened. Historical criticism distin- 
guishes the two kinds of history by calling the former tradition, in a 
narrower sense of the word, and the latter history. ‘hose who know 
how, even in our days, reports are changed and embellished, how some 
features are omitted and others added during the process of passing 
from mouth to mouth, and how in the end they frequently assume a 
totally different aspect from what they originally had, will readily 
admit that such traditions cannot be received with the same faith as 
contemporary history. We may add that the more important the 
occurrence handed down by tradition is, and the more it affects the 
feelings and passions of men, the greater will be the changes and cor- 
ruptions which it experiences in its progress. The desire, moreover, 
of seeing things clear and complete is inherent in the human mind ; 
and hence we find that in innumerable instances where a tradition or a 
series of traditions was deficient, unclear, or incomplete, man’s imagi- 
nation and ingenuity have been at work, to make up an apparently 
complete account, either by filling up the gaps in the original account 
with pure fictions, or by transferring and combining events which 
belong to different times and countries. Such accounts require to be 
examined with more caution on the part of the historian the more 
skilfully they are made up, and the more their apparent consistency 
resembles real history. It is the business of the historian who feels 
the want of a positive conviction, and is not satisfied with discovering 
that a tradition is obscure, inconsistent, or incredible, to find out its 
historical groundwork, by comparing the traditions about one and the 
same subject, by analogies, and by separating such additions and 
embellishments which have been made with a view to satisfy man’s 
curiosity, or his feelings, either religious or political. The historian 
who undertakes this task has to guard against two dangerous rocks ; 
the one is the desire to construct out of a tradition a history according 
to a preconceived notion or theory, the very thing which in many cases 
was the cause of the adulterated tradition itself; and the other is the 
so-called rationalistic mode of dealing with tradition, which consists in 
stripping it of everything poetical or marvellous, and leaving nothing 
bnt a skeleton, which is considered as history merely because it pre- 
sents nothing that might not happen every day and within our own 
experience. 

the history of Christianity the term tradition has been applied to 
the so-called unwritten word of God; that is, to the doctrines said to 
have been communicated by Christ to his apostles, which were not 
written down by them, but were handed down by their oral instruction 
to their successors. This tradition is preserved in the writings of the 
ecclesiastical fathers; and the Church of Rome regards them, next to 
the Bible, as a source of knowledge which ought to regulate the life and 
religious observances of Christians. She claims for tradition the same 
unconditional faith in regard to its divine authority as for the doctrines 
of the New Testament. The substance of the tradition thus revered 
by the Church of Rome, however, affects rather the forms of religion 
than its essence; and some of these forms, such as the baptism of 


ships of 185,192 tons; Prussia, 1595 ships of 350,088 tons; Mecklen- 
burg and pee 905 ships of 100,222 tons; Hanover, 1666 ships 
of 134,919 tons; Towns, 867 ships of 290,788 tons; Holland, 
1756 ships of 260,050 tons; Belgium, 262 ships of 59,102 tons ; France, 
4068 ships of 430,440 tons, a remarkable difference from those entered 
inwards; Spain, 221 eee of 61,383 tons; Portugal, 143 ships of 
$1,021 tons; Sardinia Sicily, 553 ships of 139,301 tons; Austria, 
501 ships of 163,091 tons; Greece, 44 ships of 15,684 tons; other 
European countries, 44 ships of 15,684 tons; and other countries in 
America, Asia, and Africa, 19 ships of 6081 tons. 

The coasting-trade, including that between Great Britain and Ire- 
land, is even larger in amount of tonnage; but as the return gives the 


infants, the celebration of certain festivals, and the like, are retained 
and observed by the majority of Protestants, while on the whole they 
reject tradition, and do not consider it binding, 

TRAGACANTH, familiarly termed Gum-dragon, is the produce of 
several species of the genus Astragalus. [AsTraGaLus, in Nat. Hist. 
Dry.] e A. verus (Olivier) a native of the north of Persia, 
Armenia, and Asia Minor, yields the greater part of what is used in 
Europe. Persia supplies it. likewise to India, Baghdad, and Basrah. 
A, yummifer (Labill}) yields some of the white tragacanth. A. cre- 
ticus, Lamarck (Tragacantha Cretica incana, Tournefort), yields it 
sparingly; while, according to Sibthorp (‘ Prod. Fl. Grace,’ ii, 90), 
the tragacanth ,which is used in Italy is obtained in Greece from 
the A, aristatus (Villars), and which, according to Sibthorp, yields the 
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of Dioscorides. The A. tragacantha (var. a. Linn.), the A. 
Massiliensis (Lamarck et Dec.), long reputed to be the source of tra- 
gacanth, yields no concrete gum, but merely a gummy juice, which is 
used in confectionary. The A, Dicksonii (a name substituted by Dr. 
Royle for A, stroliliferus of Lindley) yields the reddish-coloured 

th. In the hot months of July and August, particularly after 
a dewy or a cloudy night, the branches of A. verus are found encrusted 
with tragacanth. It is not procured by artificial incisions, but exudes 
spontaneously from natural clefts in the bark, or from punctures made 
by insects, or more mary | by a subepidermal fungus, like the nema- 
spora crocea, as the shrubs which the juice exudes are always in 
an unhealthy state, or ready to perish. (Decandolle, ‘Phys. Veg.,’ 
i, p. 174.) : 

Ta commerce th occurs in two forms, termed vermiform, 
and flake or cake canth. The former, called also Morea tragacanth, 
is not frequent in this country. It is mostly in small twisted thread- 
like pieces, seldom in flat or like portions, of a variable size, of a 
whitish colour. The larger i pieces often run together, and are 
of a yellow or yellowish-brown colour. White worm-like pieces are 
selected and sold as vermicelli, Flake or Smyrna tragacanth occurs in 
tolerably large, broad, thin pieces, with concentric elevations or lines, 
seldom of a filiform shape: colour whitish. Both sorts are hard, yet 
somewhat soft and even flexible before breaking; fracture dull and 
splintery. It is with difficulty reduced to powder, except in winter, 
or in a heated mortar. It is devoid of taste and smell. It swells in 
the mouth, and is lubricous. Fine tragacanth is not rendered blue by 
iodine, but the Morea tragacanth is affected by it, as well as an artificial 
substance prepared by boiling starch, which. last article, called 
cantin, does not swell in water. Kutera gum, the produce of a species 
of cochlospermum and sterculia, which is sometimes mixed with or sub- 
stituted for genuine tragacanth, is not affected by tincture of iodine. It 
always occurs in stalactite-like pieces, and consisting almost entirely of 
bassorin, is scarcely soluble in water. [Gua.] 

th approximates more to starch than common gum, than 
which it is more nourishing, but less digestible. Tragacanth is to be 
a to gum-arabic to form a mucilage, as one part will inspissate 

y parts of water. It is better to allow pieces of tragacanth slowly 
to dissulve in cold water than to use the powder with boiling water. 
Both the mucilage and powder are used to suspend heavy powders in 
water; also to make lozenges and pills. For electuaries it is improper, 
as it renders them slimy on keeping. As a demulcent, or means of 
sheathing the fauces and intestines, it is preferable to gum-arabic, its 
insolubility rendering it a more efficient protection to the mucous 
membrane against either acrid poisons or unhealthy secretions, Thus 
in India, tragacanth boiled in rice-water is advantageously administered 
in dysentery and bloody fluxes, Externally, a thick mucilage of tra- 

acanth is a application to burns, to exclude the air. 

TRAJECTORY, the technical name which was formerly given to a 
curve, that is, to a curve required to be found by means of given con- 
ditions ; most frequently used for the required path of a particle acted 
on by given forces. The term is now ae used, 

TRAMMELS, the name of the Extipric Compasses, described in 
that article, in which a bar carrying a pencil is guided by two pins 
which move in grooves. 

TRAMWAY. A track laid down on the surface of a common road, 
for vor gn of diminishing the effort of traction required in movi 
wheeled vehicles ; and for this pu it is necessary that the feet, 
of the tramway should be practically incompressible, and as smooth as 
possible. Iron, wood, marble, and granite are used in the formation of 
tramways, as in the cases of Train’s Street Railways, the forest roads 
in wood countries, in the Italian cities, and in the Commercial Road, 
London Docks. See Ramways; Tracrion. 

TRANSCENDENTAL, a mathematical term of description, the 
meaning of which is not very uniform. When any particular formula 
is incapable of being expressed by any particular range of algebraical 
symbols, it is, with res to those symbols, transcendental—that is, 
it transcends or climbs beyond the power of those symbols. The word 
was perhaps first used by Leibnitz (‘Leipzig Acts,’ 1686), who says, 
* placet hoc loco, ut magis profutura dicamus, fontem aperire transcen- 
dentium quantitatum, cur nimirum quedam problemata neque sint 
plana, neque solida, neque sursolida, aut ullius certi gradus, sed omnem 
wquationem algebraicam transcendant.” Here, then, is the first 
meaning of the word; a transcendental problem is one the equation 
of which is infinitely high, or contains an infinite series of powers of an 
unknown quantity, so that its highest degree transcends every degree. 

To form an idea of what is now most conimonly meant by transcen- 
dental, it will be desirable to recapitulate the steps by which algebra 
has arrived at its present state of expression,—or, rather, mathematical 
analysis, as those would sa: 
calculus by the name of algebra. 

And first we have the state which preceded the time of Vieta, in 
which formule were mostly descri in words, and the adoption of 
arbitrary symbols of quantity was only of casual occurrence. 

Next, we have the introduction of arbitrary symbols of quantity b. 
Vieta, but not to the extent of using arbitrary numbers of toultipli- 
cations, or algebraical exponents. Here what we now call a" was 
tranacendental ; Vieta could have described a® by @ cubo-cubum, or a’ 
by @ quadrato-quadrato-cubum, but a® had neither name nor symbol, 


who do not like to call the differential alge 


, we have the stage which with Harriot and Désoarten, 
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the f invention of fluxions or the diiferential calculus, infinite 
series to be employed, and the transcendentals last alluded to 


ceased to be absolutely incapable of This was the state in 
which Leibnitz found the science when he first proposed to distinguish 


Sontatag the invention of the diffe. 
the areas and lengths, &c., of curves could be’ 


by the new signs for fluents or in 


should have come long before, namely, the expression of the old tran- 
Niccodesieis as recognised functions, vor f 
as log x, sin x, cos x, &e, 8! 
acing te temgyeede my Cy recognition of the number .wh 
system comp yy the ition of the number whose 
logarithm is x, the angle whose sine is x, &c., as functions of x, and 
the adoption of the appropriate symbols log—' z, sin— x, &e. E 

Seventhly, a most important addition has been coming into use in 
the present century,—namely, the employment of definite integrals as 
modes of expression, not merely of functions of the variable of par st 
tion, but of other quantities which only enter as constants, or ; 
if they vary, vary independently of the variable used in integration. 
So powerful is this mode of expression, that it may almost be sus- 
pected to be final; and the word transcendental is rapidly acquiring a 
i We that it will settle into the following: a 
transcendental result will be one which is of expressii 
except by a definite integral, or by an infinite series which cannot be 
otherwise expressed than by a definite integral. 

In the meanwhile there are two senses in which the word is used. 

j xplained ; the second has reference to the old 

distinction of algebraical and transcendental. A function of xx is alge- 
braical when it is finite in form, and is never seen, nor any function 
of it, in an exponent, nor under the symbols of a sine, cosine, &c., or a 
logarithm. No operation then enters with « unless it be one of the 
four great operations of arithmetic, or else involution or evolution with 
a definite exponent. Thus, in this sense of the word, log x and sin x 
are both transcendentals. But in the modern sense in which transcen- 
dental is not opposed to algebraical, but to that which is expressible 
by ordinary means, log x and sin « are not transcendental, being among 
the most common of the present modes of ion, and being, in fact, 
connected with algebra in a way which, it been understood when 
these symbols were first used, would probably have always saved them 
from the distinctive term. 


speaking, transcendental: there is no mode of expression 

infinite series. And, generally speaking, and with the ion of a 
few cases in which modes of expression have been invented studied, 
pala ae ares are oe, And ae result of such inverse 
even though, from our ignorance of its properties, it d 
expressible by ordi mi is transcendental so long as that 

rance lasts. And it is useful to observe that forms of the most 
different kind may be connected together by such a relation as this, 
that both are cases contained under the same transcendental. 

To exhibit the arrival of one of these transcendentals of inversion, as 
they might be called, let us take the equation ox. ¢’z=9(x), where 
¢'x means the differential coefficient of gx. A large class of solutions 
may be gbtained as follows:—The equation y log y=c has an infinite 
number of roots, two at most being real, and all the rest of the form 
a+B,/-1, Let a, b, c, &., be any of these roots, and let yx bea 
function of x formed as follows :— ; 

Yr=Aa* +B + soe 


where one, two, or any number of roots may be taken at pleasure : and 
4, B, &c. are any quantities independent of x Let ¥~'x be the 
inverse function of ¥x, so that ~(W—'x) is x; then y(¥—'a—1) is a 
solution of the original equation, or ¢r= (y—'x—1) gives ox. ¢’x= 
(ox). Now ¥-'z is, when more than one root is , inexpressible 
except by infinite series ; that is, not merely inexpressible in common 
braical terms, but even with the se i 
trigonometrical functions. enema f as particular cases of this 
solution, both aw and 4/(b?—2*) are foun : 
As science advances, quantities which are pow called transcendental 
will lose the name, and be received among the ordinary modes of 
expression of analysis, One of the first of these will be the well-known 
function of n, which is generally designated by T'n, and is sometimes 
called the gamma-function, sometimes the factorial function. Its 
expression is /e—* 21d taken from «=0 to «=00 ; and when n is 


an integer it is simply 2x 1x3x....xm. But when » is a fraction 


" brought into use sines, cosines, &c., and : 
wae are Sn eee Tha words’ chisk, Geondend 
ie 0) » 


expressed, whether they could be reduced into older language or not, ~ 
Bixthly, we have an alteration which it, gilels\ers besa whbeehalt ai 


The roots of equations of the fifth and higher degrees are, properly — 
except by 
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. Nevertheless, as tables are now 
i many properties and consequences of it 
known, it stands in as favourable a position for use as ordinary 
logarithms at the end of the 17th century. 

TRANSCENDENTAL, a technical term in philosophy; srres 


with metaphysical. Transcendental philosophy may begin with ex- 

perience, and thence proceed beyond it; or it may start from i 

@ priori which are in our mind: in the latter case philosophy is 
transcendental ; while in the former it is of a mixed character. 

MetapHysics.} 


or used after the transformation. Thus it frequently 

solution of an equation is facilitated by reducing 

having roots which bear a simple relation to 
: as an instance, we may refer to the solution 

of the cubic equation in the article IRrEDUCIBLE Case. 

consists in transformation, from and after 


bra. 
ai lechetamsasticentlona ote ofl we oan tee undertake $2 giro : 
that transformation points out the nature of a 
uence in a manner by which the direct reasoning of algebra is 
Giodiaghy een ftrniad and ilinetratad. For instance, when we assert that 
a quantity has two square roots, one positive and one negative, our 
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may say that z*=4 is satisfied by x 2x2=4, 
pe Seger but how are we to say that there are no other 
values which satisfy this equation? When we transform the equation 
z°=4 into («—2) (c+2)=0, with which it is identical, we then see 
that this product can only vanish when x —2 or « +2 vanishes ; that is, 
when # is +2or —2. 

Transformations frequently leave a point unsettled which can only 
be determined by a subsequent species of experimental test; or, lest 


give alarm, by a process detection which is to choose between 
alternatives which the process of transformation leaves undecided. 
This frequently happens when the nature of the transformation is 
ascertained by means not of the expression to be transformed, but of 
Fe Brennen: LB sex ele ibeh en remded into 
4 series of powers of x, supposing we proceed wu) property a* xa¥ 
Sar +,we find that there is no seri fit to full this condition except 
28 ' 

L+ane > 


a®z8 
+ agte 


; the series ear yas Nae 
eA Sa thse partons Yoaalyif tare be say auch nevi. 
«=1, we then immediately detect the condition which is to give 
the value of 4, namely, that a must be so taken as to make 


a? a 
a=1+a+ Ot gagtee 


This us to the mention of a defect of reasoning which has fre- 
Gectiby WAahGY alendliomonke conch: ae mt ion of the 
cobalt re: ition that character 
the details remains to be settled, or the individual the species to 
be out. In the ing case, for example, it is often stated 
expansion of a? in a series of powers of x.” 
The form of the series is then assumed, a he lip AE Nr 
the use of the property above alluded to, it is found that the series 
i that Sassari ll odie a ene ees Bere 
if a* be capable of expansion teger powers of x, the expan- 
sion must be of the form 1+axv+.... It is true that, looking at what 
we see in algebra, that science might be strongly suspected to have a 
were pre of rejecting false suppositions, or of indicating their 
refusing to ish rational results: thus it certainly 

happen that when we attempt to select from amon; 

of integer powers the one belonging to an expression whi 
has no such series, we find infinite coefficients, or some other 


regan L reeeeteel seesoaing mould angles, 


in many parts of algebra the science will refuse to acknowledge and 
obey a false assumption of form, yet it is almost impossible to draw 
the line at which this refusal ends, and the idea that such a power is 
universal in algebra will lead the student into many a serious difficulty 
in the higher branches of mathematics. 

TRANSFORMATION OF CO-ORDINATES. We intend this 
article purely for reference ; that is, supposing the subject already 
known, we mean only to put together the formule in such a manner 
that any one can be used at once. 

Rectilinear co-ordinates are the only ones which are usually trans- 
formed ; such a thing rarely, if ever, happens with polar co-ordinates, 
except in investigations each of which has its peculiar method. And, 
first, we shall consider rectilinear co-ordinates in one plane, and after- 
wards in space, What is usually wanted is to express the co-ordinates, 
of a first system in terms of those of a second, and subsequently given, 


And, first, as to’co-ordinates in one given plane. 

1. Both systems oblique. Let x and y be the old co-ordinates of a 
point, z’ and 7 the new ones. Let «and v be the old co-ordinates of 
the new origin ; @ the angle made by the old co-ordinates; ¢ the angle 
made by the axis of x’ with #; y the angle made by y’ with z. Angles 
are to be measured as explained in the article Sian; thus the angle 
made by # with 2 means the amount of revolution which would bring 
the positive part of x into the direction of the positive part of 2’, the 
revolution being made in the positive direction. 


yt th Spe 
apo ESD, BED 
y= Bet BY: 


2. The old system oblique, the new one rectangular, Here ¥—$ is a 
right angle, and 


sin (8 — ¢) cos (6 — ¢) 

=k = sin @ av — sin @ y' 
sin cos p 

Wve ee te, ¥ 


# io Witt the new one oblique. Here, in (1), 0 
2 —m=cos p.2’ + cos p.y/ 
y—v=sing.2 + siny.y. 

4. Both systems rectangular, , Here @ and ¥—¢ are both right 


2 — p= cos >. x’— sin >.y’ 
y—v=sin¢>.2 + cosg.y 
5. The co-ordinates of the new system parallel to those of the old one, 


Here 
e2-p=a, y—v=y. 


In any of the preceding cases, if the new and old origin coincide, we 
have only to make « = 0, y= 0, and use the formule accordingly. 

Next, when the co-ordinates are those of points of space. The only 
two cases which are icularly useful are when both systems are rec- 
tangular, and when the new one only is oblique. Let x, y, z be the old 
co-ordinates, and ,, y,, 2, the new ones. Let A, yw, v be the old co- 
ordinates of the new origin, and let the angle made by «, and y, be ¢, 
that of y, and z, be é, and that of z, and x, be », which we may thus 
denote :— 


a “an aA 
BY=G WwA=h 4X, =% 
Then we have the following formule :— 

w@—A=ax, + By, + y2,- 

y—K= ax, + By, + 72, 

2 —v=ale, + By, + y"243 
Where the meanings of a, 8, &c,, and the connection of those mean- 
ings with the places of the letters in the formule, will be easily caught 
from the following :—- 


A A A 
a=cosrx,, B=cory,, y =coer2, 
“a aA “a 
w=cosyr,, BP=cosyy, y =cosyz, 
“a “a “a 
a"=cosz2,, B’=coszy, y= coszz,. 


And a, a’, &c., are subject to the following six conditions :— 
a? + alt + a"?—1 By + By + By” on cos E 
Be +p%+ p%=1 ya + a! + 7a" =c087 | 
Prytty2=1 ob + ap’ + a’p” = cos ¢ 

This case is not much required. The following, in which both sys- 


tems are rectangular, is of the highest importance. When we speak of 
the angle made by two axes, we mean, as before, the angle made by the 
x 


TRANSFUSION OF BLOOD. 


TRANSIT, OR TRANSIT INSTRUMENT. 


ve side of one with that of the other; but, since only cosines are 
irection of revolution is immaterial. If both systems be 
rectangular, and if have the same origin, we have two sets of 
uations, each of which follows from the other, one set being in each 
umn ; the meanings of a, a’, &, being as before, 


xz=ax, + By, + 72, a, =ar+aly+a"z 
y=ax, + By, + 72, y, = Be + By + B's 
t =a’, + By, +7's, a, =yetyy +72 
&+a%+a'®=1 a +f +7 =1 
P+ B+ B%=1 a’? +2 +7? =1 
Pty+y*%=1 a’? +p"? +7/2=1 
By + By + B'y"=0 aa" +B'B" +77’ = 0 
qatyd +7'c"=0 a"a+B"B +77 =0 
a8 + a8 +a"B"=0 aa’ +BB +7/ =0 


Besides which, each of the quantities a, a’, &c. may be expressed in 
terms of the others, as follows :— 


a = B’y'— 78" B = 7a" — a’y”’ 7 = a’ '_ Bla" 
@d =p'y—7'8, B =y'a—a'y, 7 =a'B - Bia 
a” = B/ —7B, B= yl — a7, x" = a8’ — Be. 


For the mode in which these nine quantities are made to depend 

upon three, we must refer to works on mechanics, in which such reduc- 

_ tion is particularly useful. We avoid giving it here, because trifling 
differences exist in the manner of taking the quantities to functions of 
which all the rest are to be reduced, so that no set of equations can be 
given which can be called universal. So far as we have gone, the 
ewig all writers are the same, though the letters used are not 
always alike. . 

TRANSFUSION OF BLOOD is the operation of transferring the 
blood of one animal into the blood-vessels of another, and is sometimes 
beneficially employed for reviving those who are nearly dying after 
severe vos Phe oa The operation had long been used as a means of 
experiment, and in the vain hope that by injecting the blood of a 
healthy man or animal into the vessels of a diseased one, the health of 
the latter would be restored ; but it had rarely been employed for its 
only useful purpose till Dr. Blundell, after a lag series of well-con- 
ducted experiments on animals, proved that it might be safely and 
advantageously wipee ts in meh. His observations are published in 
his ‘ Physiological and Pathological Researches ;’ and since his revival 
of the operation, the lives of many persons have been saved who were, 
in all probability, dying from the loss of blood during or after surgical 
o ions, during gestation, and in other circumstances. The opera- 

has, indeed, often failed; it has often been unnecessarily per- 
formed ; and its performance is not unaccompanied by danger to the 
patient; but still there is sufficient evidence of its high utility in cases 
which, without it, would have been quite or nearly hopeless, to warrant 
its being resorted to under the guidance of a sound judgment. 

The chief instruments employed in the operation are a syringe, with 
double pipes, a basin of appropriate form, and a fine tube fixed on one 
of the pipes of the syringe. One of the veins of the arm of the patient 
being opened just sufficiently to admit the point of the tube, and fixed 
by a probe, blood must be drawn through a free opening in the vein of 
some healthy person, and as it flows into the basin must be slowly 
sucked up, without any mixture of air, by the syringe. When the 
syringe is filled and carefully cleared from all air by forcing blood up 
to the very point of the tube, the latter must be introduced into the 
patient's vein, and the blood steadily and slowly injected. Four or 
five ounces are often sufficient to revive a patient, and if they produce 
head-ache, flushings of the face, tendency to fainting, and other unplea- 

the transfusion should be arrested; but if not, the 
Beyond this lls to carey 2 
it is not safe to 

nehcial. A second or a third injec- 
tion may be employed when the state of the patient seems to render 
it necessary. 

The experiments of transfusing the blood of various animals into 
vessels of man proved only mischievous; and those of 
of an animal of one species to the blood of another ies 
of too little interest and have produced too few general results to 


ad 
All the important facts relating to the subject may be 
article on Transfusion, by Dr. Kay, in the ‘ Cyclopedia of 
Practical Medicine,’ and in the works from which be quotes. 
TRANSIT, or TRANSIT INSTRUMENT (Jnstrument des Passages), 
was invented by Rémer about the year 1690. The description is to be 
found at page 47 of the ‘ Basis Astronomim,’ by his pupil, Horrebow, 
Havniw, 1735; and we recommend the perusal of this book, which 
Seas hesding Latin wish moderate ata, acl n Gasiee to non the cxigna 
‘ i a to learn the origi 
of modern practical astronomy, hen = 
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Tho object of the present article is to give such an account of the 
transit pegeeth enable any one to use it with tolerable success. 
who wish for more perfect information must consult the 
to the Greenwich, Ké , Dorpat, Cambridge, 
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one of which is tightened and the 
and indeed this is the general construction of 
size, and is the most solid fixture. But it is so convenient 
to move the instrument at pleasure in azimuth while 
through the telescope, that we should strongly recommend the 
of the counter-spring whenever the instrument is small, and is 
to be frequently shifted, or is not seceerseiniy a meridian 
The spring must press pretty strongly against 
should be a clamping button in each adjustment, to keep all 
The axis is made of two strong brass cones 
sphere. ‘The sphere is cast hollow with two shoulders, over 
cones slip, As this is the most important part of the instru 
great care should be taken of the fitting before the axis is 
together, and the symmetry of the parts as to the centre should be 
fect. If the instrument is weak here, it is utterly w In 
older English instruments the centre was a cube, and 
quently adopted at present by continental artists. 
Bruxelles, by Gambey, one of the largest and finest instruments in| : 
world, is so constructed. The essential requisite, ay is a ee 
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to anit light 
turned after the whole is fixed. One of them is pierced to pe on 
with 
a diamond cutter, as the hard knots to which steel is subject resist and 
jar the ordinary cutter out of its place. The pivots should be turned 
a eee the marks of the tool 
off s by collars which are made to fit closely on 
and are changed and reversed from time to time. When 
ony formed, the grinding should be discontinued, as a 
ifference of size in the pivots is of little consequence, while an 
tion of the cylindrical form of the pivots, or of the direction of 


axes, ruins the instrument. The perforated or illuminated end 
it in this figure. 
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a contrivance for altering the 
of the instrument; but this, al 
affecting the symmetry of the instrument. In a thirty-inch transit the 
lantern is within reach, and may be twisted a little, so as to reduce 
light at pleasure. The setting circle, with its level 
towards the illuminated end of the axis. he tail- 
attached to the verniers and level, is held. between sheaunded anda 
the two screws at a. By screwing one and loosening the other, 
bubble of the level is brought to the middle, when the vernier 
out the of the circle. There is a lens and reflector, for 
and reading off the circle. The instrument here figured has a v 
which reads single minutes; but the nen hay mcg geree fy 
a fixed lens, and we should prefer reading to every 2’, w 
than sufficiently near for finding or identifying stars. 
circle is looked at, two out of three small 
which fix the circle to the axis. When these are released, the cire 
ble 


an instrument is used for a long time in the same place 
reversing, bat, is eoareely’ worth being ayplisd to one which 
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quently shifted or reversed. p the telescope in 
* When the instrument is small and frequently out of use, it should be 
See RE nie, ena Sore Sevtertes: Cy ee closely over — 
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altitude and the slow-motion screw are seen at b, There is a caution | screw for bisecting any object, such as a mark or a star ata given 
to be given here. The tail-piece should never be tightly nipped, unless | moment. In large transits there are generally two small circles fixed 
the instrument is used for observing declinations, and it and the | on each side of the transit towards the eye-end. They are here more 
tangent screw must be released when the observer uses the azimuth | convenient for setting, and it is easy to pass rapidly from one star to 


Transit Instrument, 


hen both the circles are previously set. There is great ought to be v uently reversed, 4 uation to altitudes one way, 
the graduation of the setting circles. In large instruments | which hiehicn aia’ prvi when sraneh is perhaps as convenient 
used for some time in the same position, it is best to make as any, though a slight com tation for each star is required to form a. 


polar distance or declination, re-adjusting the circles | w 
t 


catalogue, The telescope in this instrument is not inserted in 
is reversed. With a portable transit, which is or Sotiey 


hy manner. The central portion, from ¢ to d, is in one tube, 


a 
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pierced on the right side to allow the light to pass, and soldered at ¢ | the sight of the wires and of the star are respecti most perfect,and — 
and f to the conel aghens The reflecting plete ie faxed in thls tole- drawing the principal tube out or sshing Is in Gawain The 


and can be turned to throw the light up or down. The object- 
aed tad eyeend are screwed on atc d,and are interchangeable, 
The telescopes are usually in two pieces, which are screwed into the 
central sphere ate and f, The advantage from the present 
construction + there is Papo echtenee and pod a 
any blow or ro’ ; t by interchanging the object 
eye-end, fresh portions of the pivots are oougi into action, thus dimi- 
nishing wear, and equalising minute crrors of form or flexure. The 
object-glass of the Po vase should be carefully selected, and of as large 
an aperture as will show a good i 
instrument over a small one is wholly in the increased optical power. 
In all other respects it is probably inferior, that is, if the support of the 
smaller instrument be as solid as that of the larger. There are seven 
fixed vertical wires at equal and two horizontal wires, between 
which the star is observed. The head sri the sith is slipped —— at gy. 
A small prism for o ing stars near the zenith is sli on the eye- 
Ni ibd | 
The level rides on the pivots with its y's. There is a pin at eaclt 
end, which drops into a fork at i, to hold the level safely and upright. 
This is completely seen at the left pier. At this end is the adjustment 
for setting the level tube parallel with the axis, At the other end is 
an adjustment for raising or depressing that extremity of the level. 
The level should be very sensible and of the same curvature through- 
out, The graduation we have found most convenient is to have the 
principal divisions to 15" and the subdivision to 1"-5, numbered as 
units and tenths, which, though erroneously, is briefly described by 
calling the units seconds of time. If this scale should be too fine for 
the level, a principal division to 30", and subdivisions to 3”, but still 
numbered as units and tenths, will be found equally convenient. The 
riding level is generally applied to the instruments which are so large, 
and uently the piers so high, that a man cannot apply the level 
safely while standing on the floor, and also to small instruments, of 
necessity, when they are clamped, as this is, to the pier. For a transit 
between stone piers which does not exceed five or six feet, we prefer a 
swinging level, which may be applied and read while standing on the 


When Troughton undertook, much against his will, to construct a 
ten-foot transit for the Royal Observatory, he adopted a very ingenious 
mode of uniting the cones and the telescope with the central sphere. 
The description will be found in the ‘ Phil. Trans,’ for 1826, p. 423: 
that part which treats of the construction of the instrument is from 
Troughton’s:own pen. He also added four braces, to connect the 
telescope with the axis. We are not disposed to attach much value to 
this mode of connecting the axis and telescope, which, moreover, 
pee be very accurate fittings. The braces are positively injurious, 

ess they are exactly and at the same moment exposed to the same 
temperature. It is said, indeed, in the memoir just mentioned, that 
when the antagonist braces were exposed to very different tempera- 
tures, the instrument continued to preserve its form. If so, the expe- 
riments simply show the centre-work to have been so strong that the 
braces could not disturb it, in which case they are merely useless, 
At Cambridge the braces were found to derange the instrument, 
and were consequently removed, to the great improvement of its 
steadiness. 


There is no great difference of construction between different tran- 
sits, het what we have already mentioned. It is desirable even for 
the instruments that the supports should be of stone when 
they are not perpetually shifted about. The y's then are 
pieces fixed by screws to plugs let into the stone. For small transits 
the stone may be in one or pieces, according to the size. When 

icable, piers should be ag ores and wide enough apart to 

the observer stand or lie down between them. This saves sane 

meddling with the Ag et and the eye is less strained. We have 

already remarked that the performance of a well-made transit depends 

rather on the permanence of its fixing than anything else. It is to the 

greater care bestowed on the foundations of large instruments that 
much of their superior performance is to be attributed. 

The principal use of a transit instrument is that of determining the 
exact moment when a celestial body passes the meridian of the place 
of observation. Now the meridian is a great circle which passes 
throtigh the zenith and the pole, and the instrument is adjusted when 
the line of sight* is a portion of the meridian during the whole rota- 
tion of the telescope. 

As in all other instruments, the telescope is first to be adjusted for 
distinct vision. Put on a tolerably high power, and slide the eye-piece 
out and in till you see the wires sharply without straining the eye. 
Then direct the telescope to a bright star or a double star; and if the 
image of it is distinct, the telescope is in focus. If not, release the 
screws at k, and draw the tube out or push it in until the image is as 
perfect as you can make it. There is another opposite screw to k, and 
the exterior holes allow a little play. Some trouble and guesswork 
may be saved by making two slight scratches on the eye-piece where 


* We shall speak at present as if there were only one fixed wire in the 


telescope, numely, the middle vertical wire. The subsequent modification will 
cause no difficulty, 


The superiority of a large | also 


a has succeeded, if, in viewing a slow-moving star, like Polaris, 
ifting between the star and the wire which bisects it, 
while the observer moves his head laterally. This adjustment bone 
to 


alter, we should prefer to have the telescope tube cut the proper length 
upon his responsibility, so that cori ome the wire is permanent. 
en this adjustment is completed, the telescope must be 
writs peer the pgar pick tae Maka: “Hd on valley ie DanRCIE TE 
wire near the upper part of the on rai e , it is 
bisected at the lower part of the fi , the wire is perpendicular 
to the axis; but if not, the tube is to be twisted without altering the 
focal length until the object comes half-way to bisection. The bisection 
is completed - by the azimuth-screw, when the object ought to be seen’ 
bisected at the top of the field when the telescope is depressed, One 
ree —— suffice for this purpose, and then the screws at k must 
ten: 
The first of the principal adjustments is that of setting the line of 
sight at right to the cross-axis, when it necessarily describes a 
great circle, A distinct object must be selected not far from the hori- 
gon, and bisected by the middle wire, using the azimuth-screw. The 
axis is then carefully lifted out of its y's, and returned end for end, or — 
reversed, and the object viewed again. It is now to be bisected 
before, half by moving the azimuth-screw, and half by the screw 
and its an ist, each of which draws the plate on which the 
are fixed. The operation must be repeated until no difference can 
seen in the bisection, whichever be the position of the axis. 
there is a micrometer, the operation is somewhat easier. The 
meter wire is brought first on one side and then on th 
centre wire, so as just to shut out the light between them, 
mean of these two readings is the reading of the zero that 
corresponds to the exact su ition of the wires. 
object is bisected by the micrometer wire ; and we will su 
the screw has to be turned three revolutions for this purpose 
zero position. Now reverse the axis, and suppose the micrometer 
only to be moved two revolutions from its zero to bisection. The 
half-way, or two revolutions and a half, is the distance which should 
be shown. Carry the micrometer wire two revolutions and a half back 
from its last position, and that is the position which the centre wire 
should occupy. If the joint thicknesses of the two wires (previously 
determined) equal ten parts, the micrometer five parts still far- 
ther back, and bring up the middle wire to touch it by the screws at J 
as before. The error of collimation is now corrected, as will be found 
by repeating the observation. The collimating screws have generally 
a capstan-head, which is awkward, and indeed " 
eye ; and we think the square head, which is by a key, is more 
re le. The screws should be drawn tight, but not forced. We 
have here followed the usual rule of directing the observer to select a 
well-defined object near the horizon. If the pivots of the axis are 
equal, the may be considerably elevated or depressed without 
introducing any error; and an object which is not very distant be 
seen sharply defined when the aperture of the object-glees is diminished. 
In fixed observatories there is usually either a meridian mark north 
and south at a considerable distance, or two near marks, which are 
made distinct by interposing lenses. At Greenwich and Camb a 
south meridian mark is combined with a supplemen' it in 
the north slit; at Oxford two near marks are made visible by lenses 
fixed in the observatory slits. By using north and south marks at the 
same time, you are warned of any alteration in the y’s during the 
reversal, which, when the instrument is heavy, is always to be feared. 
Such shifting would cause the error of collimation to appear different 
according as it is taken from one or the other mark. In standard 
observatories the error of collimation is not actually corrected unless 
it is large, but measured 4 the micrometer, as we have described, and 
gael Saee allowed for by calculation. 
en the illuminated is west, and the telescope poin south, 
let the middle wire appear to be 3-263 Revolutions to the right. of 
the collimating mark: as the telescope reverses, this meana that the 
transit points 3-263 R. to the left of the mark, or to the east. Now 
reverse the telescope, the illuminated end is east, and suppose the 
middle wire still to appear to the right of the mark, but only 3°187 R. 
These observations are best made on a calm clow day ; often, after 
rain, the mark, if distant, is seen sharply and . If there were 
no error of collimation, the micrometer should a the same quantit; 
at both observations, or 4 (3°263 R. + 3°187 R.), that is, 3°225 i. : 
The error in collimation, therefore, is 0°038 R., and the instrument 
age to the east that quantity when the illuminated end is west, 
he scale of the micrometer screw is known. Let one revolution cor- 
respond to the space an equatorial star would move over in 3* of time ; 
then 0°038 R, is the space which an equatorial star would move over in 
0"114, which is set down as the error to be employed in calculation. 
Now the effect of an error of collimation is to make the instrument 
describe a parallel to a great circle, and distant from it by the collima- 
tion error, If the instrument ts to the east of the south, it also 
points the same quantity to. east of the north, and a star above 
pole will pass the apparent before the true meridian. The correction, 
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therefore, to be applied to the observed transit is +, and when — 
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i ition we have made, is— 
poe en 
4 * + 0%114 sec. declin. Ill. end West, 
q ai ; — 0*114 sec. declin, Ill. end east. 
The changes for stars su) polo. 
| ey wenethied tas bec devised fir: recotdtiig tranatta, foundéa 
the princi of electro-magnetism. The sidereal clock is made 
electric circuit at regular intervals of one second, and by 
similar to that employed in Morse’s telegraph, the effect is 
a ing ap} us in connection with the clock. The 
observer is also enabled to break the circuit at any instant between 
two successive geo Sabian sre lag befihpee vcs aB aa aber! 
registering paper. Hence in determining the transit 
of astar, the observer breaks the circuit at the instant of the star’s 
cao Rpg ade wire, and the drngne hey imprinted in their 
uy recording apparatus. distance. 
Be ee seconded socal ana the nearest second as imprinted by the 
regular break-circuit apparatus of the clock, will indicate the fractional 
|p syerthgei eae a Goll gad ereegdealllge freaks passage of 
i In this the eye and the sense of touch are called 
into operation instead of the eye and ear, as in the usual method. It 
originated in the United States of America, where it has been practised 
been subsequently adopted at the Royal 
ceri patie ore hace lho re EE 
differences depending on personal equation are almost annihi iy 
i i adapted for recording the transits of a great 


pn : 
same place, If, in pushing the level from you, the bubble runs towards 
"this shows that the level tube itself is set askew upon 
support, and that the left end, being nearest the observer, is elevated 
that i i the small screw seen at m, 


w 

brought to have 
been adjusted as above, The fork in the present example 
a pees, See the level itself has been carefully 
‘o level the ais, bring the bubble of the level to the same 
at each end (the numeration of the division is supposed to 
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the observer cannot or will not calculate the 
pr oghe ral pega deeper fiedeerigry If he can (and 
are few observers at present who cannot), the process is pretty 
as follows ; the graduation being supposed to be units each equal 
Illuminated end West. Telescope South. Altitude 45°. 
Observer North. . 


Level. 
East end of bubble, 4*°76. West end, 584, 
ag is now reversed end for end, and the two ends again read 


East end . 5*24 Westend 5*34 


Mean, East 5*00 West . 5°59 
which is the reading which the level would show in both positions if 
it were in adjustment. Hence the west end is hi than the east by 
half + the di , or 0295, The level should be applied in reversed 
positions several times, and a mean taken. 
Now let the telescope itself be reversed, and suppose the following 
entries of observations to be made :— 
Illuminated end East. Telescope North, Altitude 45°. 
Observer North, 
East 4°93 West 5°66 
5 42 519 


Mean East 5 +175 Mean West 5 *425 
* The rotation of the earth requires the apparent place of a star to be 
_ increased by 0*°0206. cos, latitude x sec. of #’s declination, This comes to the 
“same thing as subtracting 0*-0206 x cos. latitude from the collimation cor- 
rection, In lat, 51°30’ this=0%-013, The correcti for collimation b 
+-0*101 x eee, dec, * Ill. end West. 
—0*127 x sec. dec, * Ill. end East. 
+ If the unit were 30”, the west end would be higher by the whole difference, 


g 


nee 


between one | 


The difference is now 0°25, and the west end is consequently too 
high by half the difference, or by 0*125, a result which differs from 
the former (Illuminated end West) by 0*17. I£ the partial observa- 
tions have been pretty accordant (we suppose 0%17 to be the mean 
result of a considerable number of observations), this difference between 


the values of the inclination, according to the position of the illumi- 


nated end, must be supposed to be owing to a difference in the pivots; 
and if so, a little consideration will show that to obtain the true incli- 
nation of the axis in the two positions, } of 0°17 must be subtracted 
from the level error Ill. end West, and must be added to the error Ill. 
end East, The true level errors therefore are— 


Til. West, + 0295 —05-042, or +0253; 
Til. East, + 0125 + 05-042, or + 0*167. 


By the mean of a great many careful observations made when the 
temperature is steady * and the sky overcast, the difference of the 
pivots, if it exists, is to be ascertained, and the correction due to that 
cause is to be applied to the indication of the level. 

The error of inclination in the axis being measured, the corresponding 
correction which is to be applied to the observations is thus computed: 
If the west end of the transit axis be raised, it is clear that the circle 
perpendicular to that axis will continue to cut the-horizon at the north 
and south points, but will pass to the east of the zenith, from which it 
will be removed by an are equal to the inclination of the transit axis. 
All the stars above the pole will therefore ap to pass too early, and 
those below the pole will pass too late; if the inclination be 15", 
the effect in time upon any star will be 

cos zenith distance 
cos declination * 2 

Now the level graduated as we have described gives the inclination 
in parts of which 15" is the unity; hence the corrections to be added 
to the observed times of passage of stars will be, using the previous 
example— < 


; dint: 
Ill, end West +0°253" x ————— 


cos. declin, 
cos. zen. dist. 
cos, declin. 


The above corrections, for errors of collimation and inclination, are 
purely instrumental, and, as the reader will perceive, do not require 
any celestial observation. Before proceeding to the third adjustment, 
that by which the great vertical circle now described by the telescope 
is made to pass through the pole, it will be proper to mention how 
transit observations are actually made, and then describe how this 
error is corrected or computed. ‘The instrument is in or very near the 
meridian ; a star on entering the field ‘is placed between the two hori- 
zontal wires. It will then gradually travel through the field, describing 
a parallel to the horizontal wires, and ‘ing over the vertical wires in 
succession. The observer looks at his clock a little before the star 
comes to the first vertical wire, and counting the beats steadily forward 
by ear, determines as well as he can the second and decimal of a second 
at which the star is immediately under the wire. He writes this down, 
counting all the time, and goes through the same process at each of the 


of star ; 


Til. end East +0°167"x of star. 


seven with which his instrument is furnished. When the star. 


has passed all the wires, he looks again at the clock to see that his 
count is right, and then sets down the hour and minute corresponding 
to the last wire. The habit of mentally counting on to sixty while 
writing down the observation is easily acquired. The estimation of 
the decimal of a second at which the star is covered by the wire is a 
matter of more difficulty, and, with some persons, requires considerable’ 
practice.t The observer is to attempt to fix in his mind the places of 
the star with respect to the wire at the preceding and succeeding beat, 
and to divide the second in proportion to the two spaces. Thus if at 
16* the star is rather nearer the wire, before passing, than it is at 17%, 
after ing, he sets down 16*4: if he judges the proportion to be 
less one to two, he sets down 163; and soon. — Finally, the 
mean of the observations over the seven wires is to be taken, which is 
to be used as the actual time of transit. It would be desirable that an 
observer should begin by learning to note the observation with con- 
siderable exactness, and if it may be, under the care of a practised 
guide; but the observation is so simple, that every one acquires the 
power who has the will to try; and we believe that, with a little 
experience, one observer is nearly as good as another. 


* By adding the two readings together, you have the length of the bubble, 
which, if the temperature is steady, will continue to be of the same value 
during the series, but will grow shorter by heat. The level should be exposed 
some time before it is used, The coherence in the values of the length isa 
proof of the goodness of the observati If the bubbl i to be of the 
same length when the zero is changed it is probable that the curvature is 
uniform, After the level has taken the temperature of the air, about a minute 
should be given for it to settle after each application, but not more than two. 
The observer should learn to read the level rapidly and boldly, as the zero 
changes if a light is held near to it for many seconds. 

+ Success will depend a good deal on the definition and magnifying power 
of the telescope, and also on the sharpness of the wires and the beat of the 
clock. The advantage of a distinct audible beat is very often entirely over- 
looked by clock-makers who are not observers. 
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35 TRANSIT, OR TRANSIT INSTRUMENT. 
Before applying the transit instrument toactual observation, the adjust- | Let the right ascensions of the two stars be a and a’, and we have the 
ment of the of the vertical circle must be examined, which we will | following equation :— 


between the wires ; bring the bubble 
ag middle by the Tran. by capstan-headed 
seen towards the end of the level ato. The instru- 
ment will now show true altitudes and zenith distances within 1’ if the 
been nicely performed. When the vernier reads polar 
vernier must be set to the polar distance of a known 

brought to the star,and the bubble of the small 
level afterwards Laie to the middle. The latitude of the place may 


We will now proceed to the azimuthal correction. If the time is 
known from any other observations, the middle wire of the transit 
may be made to bisect a star at the time when by calculation it should 
pass; and if this star be Polaris or 3 Ursw Minoris, the instrument 
will be nearly in the meridian; but if the observer has nothing 
but a transit instrument and a chronometer, he must place it as near 
as he can guess in the meridian,* and level the axis pretty carefully. 
A moderate knowledge of the heavens will tell what known star is 
likely to pass soon; and the instrument having been set to the proper 
altitude (or sweeping for it), the observer must wait patiently till it 
enters the field. The observation is then made in the manner already 
described. If the star is near the zenith, this alone will give an 

ximate clock-error. Now compute the time a star near the pole 

or horizon should pass, and bisect the star by the middle wire at the 
computed time. If the error in the position of the instrument is too 
to be corrected by the azimuth screw, the stand must be shifted 

ily a sufficient angle, and the instrument levelled afresh. In two 

or three trials 


1 stars, high and low, give the same clock- 
error. The instrument is then in the meridian, and the clock-error is 
the true come ae leapeer Fray d y= fad be considerably 
abridged by a little easy on, which we will proceed to 

The errors of collimation and inclination being supposed to be 
annulled, either by adjustment or calculation, the line of sight describes 
circle passing through the zenith and not far from the pole. 
On drawing the figure, and supposing the deviation to be to the east of 
the south and west of the north, it will be seen that the effect of the 
error is to cause all stars between the south horizon and the zenith to 
pass too early, as well as all stars sub polo ; while stars between the 
zenith and pole pass too late, The effect upon the passage of a star is 

; sin. zenith distance 

proportional to ~~ 5 declination °! Star» If # be assumed to be the 


amount of the deviation to the east of the south, measured in units of 
15", and the latitude of the place and the declination of the star be 


denoted respectiv @ and 3, the correction to be added to the 
aimed fomage of et star in respect of the error of deviation is 
=. 


ay x at Now suppose two stars, s and s’, to be observed, 


—8 
which differ « good deal in declination, and let the values of sin ‘&—®) 
for these stars be p and p’: then s + px and # + p’z are the times at 
which the stars would have been observed if the instrument had been 
in the meridian. The interval therefore between their transits thus 
corrected (and also corrected for the rate of the clock, if n ) 
will be equal to the difference of their ri 3 eeceusiona, which mua bs 
from the ‘ Nautical Almanac,’ if stars are contained in its 
must be computed from some good catalogue, if they are not. 


* If a line be drawn from Polaris between the fifth and sixth stars of the 
Great Bear, and a point taken in this line about 14° from Polaris, the transit 
directed to this point will scarcely be 1° from the meridian, With a little 


changed, and (P—2) becomes (¢-+3). North of 
negative, and the is to be subtracted 
Below the pole the cos 2 becomes negative (reckoned 


through the pole), and the correction becomes additive, as at first, 


@ + p2)— (6 + pr) =a —a. 

(a! —a)—(#' —2) , 
” =? 

If the value of a revolution of the azimuth screw is known, it is 
cong So ocnrect for She eee eee aaa teats, zs - 
exceed 1* or 2*, it must be reduced to those limits. «x be 

ve, the deviation is to the west of the south. 


orz 


ould be pretty near the pole— 
possible, If the instrument is nearly in the meridian, it is better 
not to touch the azimuth screw, but to determine the value of « by 


grouping the stars together, in which 2 (P—?) ig nearly of the same 
cos 5 


magnitude with the same sign. The value of 2 may afterwards be 
used to correct each star separately, and the transits thus corrected — 
will be very nearly such as would have been made if the instrument 
had been exactly placed in the meridian. 

In fixed observatories the meridian error is obtained when possible 
from consecutive transits of” Polaris above and below pole, The 
observations are corrected for collimation and inclination aa As 


, corrected for 
a’ be the apparent 
right ascension of Polaris, taken from the ‘ Nautical Almanac; «* the 
deviation as before; —p and p’ the values of an (o-)) for Polaris 


above and below pole, which have different signs. Then, exactly as 
before, s—p x and # +p‘ x will be the corrected times of transit, and 


VightcOusamecan 
(s’ +p’ x) uy hated fay Fa 


ere wwe 6 
or z= Pp +P 


When three consecutive transits are o! there is no need of 
taking any account of the rate of Bee ork Cn ree as 
snitorSaih: ee the chats le High aeaeion of Polaris in the in’ H 
only a mean is taken of the first and third transits, which is compared 
with the second. The difference between these, divided by p’ +p, gives 
the value of z. The sign may be made out by whether the 
passage from u to lower culmination is too small, and from lower to 
upper culmination too large, when the deviation is to the west of 
and therefore to the east of south, and the correction is to be added, 
or versd vice, when it is to be subtracted.t In well-regulated observa- 
tories Polaris is always observed when it is convenient, and often when 
it is not; and the right ascension of the star, as well as the yoann 
the instrument, is deduced from these double transits. en the 
right ascension is thus bebe known, single transits of Polaris may 
be safely used in combination with other stars, to determine the 
azimuthal error for those times of the year when the star at one of its 
culminations passes altogether unseasonably. It is assumed, in this 
method, that the position of the instrument is the same for twenty- 
four hours; or that it changes uniformly. 
difteley in ctipethandiog tha Wioke ot oleorig tol ona 
iff in com’ i em rs) an fu 

observations which is followed at Greenwich and our pri 
observatories; but the private observer cannot always command a 
which is wholly to be relied upon, and very seldom can afford the time 
for such an uninterrupted of observations as is required to give 
full effect to the system just described. The precautions to be 
will depend sat be upon the objects he has in view, but 
speaking, the private transit observer will do wisely to take the places 
of the principal Sze) sare irons te a by Greenwich, 
though he py berg toe. modify the values inter se by his own 
observations, Having done. this, it will be easy for him to fix any 
other object with perfect accuracy, or to determine his time most 
scrupulously, although the steadiness of his transit is not beyond 
suspicion, and his avocations or inclination should only allow him to 
observe by fits and starts. We shall proceed to show how he may pro- 
ceed under different hypotheses. 

If he has a distant mark ora collimating telescope [see ConLmmaToR] 


* Substituting for p/ and p their values, the denominator of this fraction 
sin (P—2) — sin (P—23) sin (3—%) 
eon “cor = Ore P (tan P= tan V) oF = 08% Se Tooe re” 
This last is the usual form for computing the azimuth by a high and low star. 

+ To prevent mistake, we shall always speak of the quantity which is to be 
applied to the observation to make it correct. 
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with a micrometer to his transit, he proceeds exactly as we have 
described above to measure the quantity and direction of the collima- 
tion, the quantity and direction of the inclination, and then observes 
away, only taking care to note as many standard stars as will give him 
a correct clock-error, and at least some so far apart as will enable him 
to detect his azimuthal error. If he observe one or two stars near the 
pole, so much the better. Now calling ¢ the correction for the clock 
at the mean of the time of the observations of standard stars; 8, # 8", 
&c., a8 before the observed times of transit, corrected for collimation 
and level as aforesaid; p, p’, p", &c., with their proper signs, the 
corretting factors of the unknown azimuth z; and a, a’, a", &c., the 
‘apparent right ascensions of the standard stars, he has the following 
series of simple equations :— 

st+e+pr=a 

st+e+p2’ =a 

s"+e+pa2"=a" 

&e, &e. &e. 


differ considerably, and subtracting one from the other, a value of x 
will be found L 


corrections for collimation, inclination, declination, and clock-error to 
the observed transit, and will have the apparent right ascension, 


But it most frequently that the observer has no collimating 
mark and no micrometer to his instrument; nay, he may only have a 
view out of a window + which commands no distant or disti ject, 


and not be able to see even the zenith, much less the 


series of equations must be formed for each 
position of the instrument, which will be of the following form :— 
s, 8’ 8", to be the observed transits of the stars corrected for 


for each star respectively ; c, the unknown value of the collimation 


reversed) ; z, the error of deviation; and ¢ the clock correction,— 
s+etrqe+pr=a 
eter qet+pued 
and so on, for the stars first observed, and 
. s'+e-—q" c+ p'x=a" 
wo +e— ‘e+ pax al” 


and so on, for the stars of the second set after the instrument is 
versed, 


the ste of ta ponent parts lea: th 
12} num its com , 80 as to leave € wi 
write tie its coefficient. Call these equations 1, 2,3, and 4. Sub- 
tracting (4) from (1), we shall eliminate ¢, c will have a + coefficient 
exceeding 2, and «in the most difficult case, that is, when the observer 


F 
- 


equations posed Separately Substitute 

equations (1) (2) (3) and (4), group (1) 

4) together, and ven s ane equations in which z 
ients considerably unequal ; by subtracting one from the 
, € is eliminated and « determined with tolerable accuracy. 
e substitution of these values of ¢ and 2 in the original 
will ‘give a satisfactory clock-error if the observations are 

numerous, even although the observer has not more 
of sky to work upon. The times of transit of other 
jects must be corrected by the quantities thus found, and in this 


HIE 
Sa Bee 
at Py 


g 
3B 


‘Observed, subtract one of these equations from the other, and you have an 
> ete ptamtace blo t, and therefore a good determination ; 
Polaris is well observed, use 


singly, and group the standard stars together 
40° declination. 


___- This was the case with Romer, and the transit instrument was invented 
‘Procisely for such a situation, See ‘ Basis Astronomim,’ cap, 8. 


way apparent right ascensions may be deduced with considerable 
certainty. 

The clock correction should evidently come out the same in both 
positions of the instrument, and the differences from the mean fall 
within the i errors of observation. If this is not the case, and 
there should be reason to fear any alteration in the position of the 
stand or the y’s in the process of reversing, the values of « cannot be 
assumed to be the same in both groups. . If the time should be 
required with extreme accuracy from such imperfect observations, the 
observer may alter the quantity of collimation in his calculation till he 
does get the same clock-error, although with different deviations, from 
both sets. This may be done by one or two trials, but generally 
speaking the mean of the clock-errors from both sets will be near 
enough, and not differ sensibly from the more elaborate calculation. 
It is not however easy to get the time very satisfactorily without being 
able to see the pole, or at least the zenith. 

In what precedes we have su; the extreme case, that is, that 
nothing is to be seen north of the zenith, and that x therefore has 
always the same sign. The intelligent reader will be guided in 
practice, not by the directions here given, but by the value of the 
coefficients of his unknown quantities, a discretion which some astrono- 
mers cannot or will not use. 

It is always desirable that the value of the three transit corrections 
should be small (indeed the formule are not exact, when the errors are 
large), to save unnecessary trouble in multiplying. The method of 
measuring the inclination implies that you can rely on the scale of the 
level for the quantity measured, which is scarcely true when the 
amount exceeds a few seconds of space. The collimation error is 
easily brought within reasonable limits, if the observer has a micro- 
meter, or can see any fixed object distinctly while he alters the screws, 
The azimuthal adjustment requires either an object of reference, 
which is always the case in principal observatories, or adjusting-screws 
of which the thread and value are known, but this can only give 
correct results when the load upon the y is inconsiderable. Portable 
instruments, which are really carried about and stuck at times out of a 
window, ought to have the spring to the azimuth-screw such as has 
been described, 

It is convenient that the clock should be a little slow and have a 
small losing rate, the corrections for error and rate are then additive : 
if the west end of the axis be the higher and the deviation to the east 
of the south, the correction for these errors will also be additive to 
the observed transits of the greater part of the stars observed. 

+ In most cases, the determination of the absolute time at the place is 
wanted, and this cannot be got without the level or some equivalent 
which tells how far the instrument swerves from the zenith. But 
where it is merely required to observe in a meridian, as in observing 
for a catalogue, it is more expeditious’ to change the form of the 


corrections. ‘The two factors °(%—3) . inclinat, + 22(¢—9) , 
, cos 6 cos 8 


deviation may be expressed by a correction of this form; m+n tan 5, 
where m and are two constants to be determined by observation.* 
In this case the stars should be observed in zones, and when the 
sweeps are not near the pole, it is easier to destroy the error of colli- 
mation by adjustment very nearly than to allow for the error. The 
secant of di tion varies very slowly, and may be considered as a 
constant for the whole sweep, within moderate limits, and for a small 
value of the collimation, which may easily be reduced to 0*1 at once. 
Suppose an observer to have this : he observes a large set of 
stars nearly at the same declination, taking care to have as many 
standard stars as possible above and below the limits of his sweep, and 


it is to have several with contrary declinations. Now calling 
the ed times of transit s, s’, &c., he forms the following equations 
with standard stars :— 


s+m+ntan8 =a 
¢+m+ntan 8’ =a! 


and soon. From these he composes two equations, one formed of all 
those in which tan 3 is positive and another in which tan 8 is negative, 
and which therefore may be represented thus ; 


2+M+nNT=A, 
SV +m—nv=a’. 
from which n is found=(4=2)— a’ — 2). 


[+7 
Substituting this value of n in the mean of the two equations, we 


* If i be the inclination as given by the level and z the deviation, then 
expanding the numerators, the sum of the corrections 
= £(008 ©. cos 3-+sin 9, sin 3) +2 (sin 9. cos 3—cos 9. sin 3) 
cos 3 
=1 cos +2 sin ¢+(i sin p—~« cos 9) tan 3 
which agrees with the formula given above, putting 
m=t+i cos 9+27 sin O 
n=i sin 9—2z cos D 
The formula is easily deduced by drawing a figure and referring the transits to 
the meridian which cuts the equator at the same point as the circle described 


by the telescope, 
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have the value of m, and that with great exactness, if the stars have 
been well selected, are pretty numerous, and have been tolerably 
observed. To reduce the transits of the other objects observed to 

parent R. a. nothing more is required than to add m +n tan 8 to the 
aerved transit, which, besides being a good deal shorter than the 
method previously described, only requires a table of natural tangents 
for computing the corrections. 

If the observations are made on or near the pole, where the sec 3 
varies almost as rapidly as the t, a sensible error of collimation 
would mix itself up in the value of tan 8. plop seg the instru- 
ment are exactly equal, two series might be o! in reversed 
positions of the axis, and as mand » would have the same value in 
each, while the sign of collimation changes, the determination of the 
latter would present no difficulty. We have used another plan, which 
in steady weather, when observations can be made on consecutive nights 
and in large masses, is perhaps the best for cataloguing. On the first 
night observe forty or fifty stars, consisting of all the standards which 

and those stars the places of which you wish to determine. 

may now lie scattered all over the heavens, so far as the method 

is concerned. On the following evening reverse the instrument and 
observe the same stars. biptieee ger ey observed star should be 
increased by m + 2 tan 8+ sec 8, while the second night the correc- 
tion is m’ +n’ tan 8—c sec 3, the collimation being supposed (as is 
found to be the case) to be invariable in a well-made instrument, unless 
violence is used. Now if we add the observed transits of each star on 
the two nights together, and take a mean, the result requires a 


, U 
= — +75" tan 8; and the collimation is eliminated, 
This new correction for the mean of the two nights is exactly of the 
same form as the original correction, call it mw + N tan 5, and M and N 
are found by comparing the observed places of the standard stars with 
their known computed places, just as before. If the clock rate is 
sensible, the values of M, psd and succeeding the mean of the 
standard stars, must receive a proportional correction, but it is easy to 
make the rate of a good clock so small that in ordinary circumstances 
this may be neglected. The rate may be determined near enough by 
observing the same high star both nights in the same position of the 
axis, and measuring the inclination by the level. From some trials of 
this method, we should strongly recommend it in a steady climate and 
where a large catalogue of stars is to be formed. An error of 0*1 
. would, we are convinced, be very rarely found in the R. a. of stars so 
determined within 40° of the equinoctial; the computations are very 
short and can scarcely be wrongly made, and there is only one com- 
putation of a mean place for two complete observations of an apparent 
pe gt Writing the separate results under each other, is an excel- 
ent check against those provoking small errors which, when th 
once get admittance, are so difficult of detection. It is a pects | 
that the computation does not furnish the absolute time or clock 
error, if that should be required for other purposes, without further 
calculation. 

In this climate it frequently happens that the star is visible during 
only a portion of its passage over the wires, or the observer may lose 
some of the wires; hence it is necessary to have some means of com- 
pleting the imperfect transits, and ascertaining so far as possible at 
what time the star would have passed the mean of the wires, if all 
could have been observed. For this purpose a sufficient number of 
complete and satisfactory observations is selected (suppose the illumi- 
nated end to be west), and the difference taken between each wire, and 
the mean of the wires. Multiplying these numbers respectively by 
the cosine of the = ing star's declination, we have the differ- 
ences, such as they would have been if the stars observed had been in 
the equinoctial. A mean of these is taken for each difference, and the 
om 2 sign affixed. If a second series be selected of observations 

when the illuminated end is east, and be treated similarly, nearly 
the same values will be found as before, but in reversed order, and 
with different signs. A mean is taken when the number is sufficient 
to give a result; and the logarithms of the intervals be- 
tween each wire and the mean, for an equinoctial star, are set down 
for future use, discriminating whether the instrument is Illuminated 
end E. or W. Now — a broken set of wires is to be made up: 
take the logarithms with the proper sign corresponding to each wire, 
add to each logarithm the log. secant of the star's declination, and take 
the natural numbers corresponding to the logarithms thus found, and 
eee seconds and decimals of a second which are to 
added (algebraically) to the observation of each wire to reduce it to 
the mean wire. Of these jal results, a final mean is taken. The 
numbers for reducing each wire to the mean wire are found in the 
introductions to all the modern observations. 

The slow-moving stars, such as Polaris and 8 Ursm Minoris, are those 
best suited for determining the interval of the wires, and this is one of 
the first points to which an observer should direct his attention, for he 
will observe a slow star as well at starting as afterwards. and as he 
will probably make a good many broken transits, the sooner he acquires 
the means of reducing them the better. The declination of these stars 
is perfectly known for every day from the Nautical Almanac, but there 
is a precaution to be taken here, which is unnecessary with quick- 
moving stars, as the path of the star being sensibly curved in moving 


correction of 


from the outer to the inner wires, the motion between the wires is not 
uniform. The exact formula is "i 


sin distance of any wire from mean =sin time from mean 
x cos, declin. star; 


followed :— : 
Interval Interval 
Observed, Correction, | Observed, Correction, 
4» oi « 00 2im, . o o 168 
8 . ° is Oh 22 . . « 329 
12 > . « O98 23. . o or td 
13, . ee O¢ 24 ° . . 2° 
14 . . « 0°5 25 . e ». 39 
5. . op) O28 26 ‘ . - 3°3 
16 . Pose le | a7. . oe BT 
|} deers . 0 O'S 28 . ° « @493 
\ 18 * ° os bel 29... . » « 4% 
19 . . es At 30 - . » $1 
20 ° ° « 1% 
This table also be used when the broken wires of a close cir- 


cumpolar are to be reduced. Compute the correction for each wire by 
the ordinary formula, and add to it the number from this table corre- 
sponding £0 Se Auber yey ieee? BEC ee 


tion of the wire. 
As the eile ae ee Oe eee 


direction, the 
numbers for reducing star to the mean wire must be taken from 
the table ee ee reversed position of the instrument, or, 
what comes to steycraghares- bev Berend vores 
changed signs from table which belongs to position, 
When the interval between the mean wire and the other is well 


measuring 
mean is well determined, which is very absence of a 
meridian or collimating mark. Polaris or 8 Ursa Minoris, or 
slow-moving star, is observed over the first four wires (the inclination 
error having been previously measured) ; the instrument is 
versed and the star is observed over the remaining three 
inclination again measured. The first set of observations is red) 
the mean wire by the known intervals at the horizontal position 
axis. The second set is similarly reduced to the mean wire, 
horizontal position. The difference between the two results, 
y's have not been altered by lifting the instrument and setting it 
again, is the sum of the col imation in two positions ; and when thi 
divided by twice the secant of the star's declination, the result 
collimation error required. If the pivots are perfectly 
levelling may be omitted except as a precaution against altering 
When the time is wanted with great nicety, it is convenient to observe 
a series of stars before esta Bs ty Polaris or 3 Urse Minoris, and 
a second series after. If the pole star has been properly observed and 
reduced, and the’ collimation rightly determined, the two series will 
give nearly the aoe ee and be a yore each other. 
instrument must alwa; in reversed positions, for determining 
the time, when this i claaicabie P ‘ 
There is a curious anomaly sometimes found in transit observations, 
will make a notable and constant 
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difference ; and we found, on deter- 


bape, where the result ie Viet Slee as 


will, in some cases at 
least, cause a variation in the personal eq , and that two observers 
Ritiy agin 9 Sight iE a eag. We roi ‘ 


it were not for this latter circumstance, it would 


orchestra, to keep the same time; and such a piece of mechanism 


would be made, though there would be a difficulty in getting 
observers Pay A> to the We have found the prac- 
tice a good exercise for eye and ear work . The 


— the 
pointer of a clock, with dead-beat scapement, springs forward simul- _ 
taneously with the sound of the beat. Where there is a good deal of 


— * ~ = ai 


= os eT 
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ing close to the transit clock. Let a person try to make this 
looking at the transit clock and listening to the journey- 
man, and if can, or can very nearly do this, it is evident that he 
notes an appearance at the time it happens. Perhaps by trying the 
eae eee mes bans Di bis percep 
for the coincidence of sounds, as judged of when equalised by i 
near the weaker source, is one in which a tolerable ear can scarcely be 
more than 0°01 or 0*-02 out at farthest. 

The position of the horizontal axis has been all along supposed to be 
. measured by the level, and this is certainly the most ready method. 
But the level may happen to be broken, or, unless it comes from a very 
maker, it may be sluggish, or unequally divided. The beautiful 
levels which accompany Ertel’s instruments, which are covered at the 
ends with parchment and filled with ether, are very liable to leak, as 
a eens, Tn such a difficulty, our celebrated surveyor 
Captain W. F. raised a tall pole, having put thereupon a 
distinct mark, adjusted his instrument by moving the elevation screw 
until the wire passed through the mark seen directly and by reflexion. 
In another instance, where the level was broken, an observer of some 
name was unable oo dig apron waded ck grap toned erp 
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ily be done when the star 
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____ is better to observe the star over the rest of the wires half directly and 
: half by reflexion, and to reduce each set to the mean wire. On draw- 
? ing the figure it will be seen that any error of level will affect the 
transit of a star seen directly one way, just as much as it will affect 

the transit of the same star, seen by reflexion, the other way, or that 

__ the difference of the two transits, after each set has been reduced to 
the mean wire, is twice the error due to inclination: that is, the differ- 

ence of the transits in the two pésitions is, when the star is above the 
pole = some (68) xi, from which i is determined, and may be used 
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observations. The observation will succeed very well 
-moving star, if the observer has time to shift from one 
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formula already given the true inclination of the 
axis. Ona following t t the o the illuminated end 
eg Sex the same pier, only lowering west end of the axis until 
the ibble is nearly at the east end o the scale, and get as before two 
values for the inclination, one from the scale, and another by observa- 
tion, Take a mean,and you will have the true value of the parta-bf 
the seale. If the result varies much in the two experiments, it shows 
either that the curvature of the level is unequal, or that one pivot is 
thicker than the other. This may be ascertained by the level alone, 


as we have shown above, or would be indicated by a difference between 
the direct and reflected observations when the is horizontal by the 
level, or by compacting, Sie Sicewee. Cbiataed trom reflexion in the 
a! Mes in Sy re acpresattee the ech pei 

y's n change during experiment. us if the 

eects determined Polaris over the first half of 
the wires directly and the second by reflexion, a value of the 
inclination will be found. Reverse the instrument, and make the same 
another slow-moving star, and you will have a 
inclination, which should agree with the former if 
; half the difference, if it exists, is the difference in 
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ns by reflexion would do if 
observed. If the two tests agree, it is 
believing that the pivots are round within the limits of 
searching experiments. But as we believe these observations 
been made, it would be useless tu expatiate further 

advantages. The late astronomer royal, Mr. Pond, 
at Greenwich by observing a set of stars directly and 
set by reflexion after the axis had been most carefully 
AND SCL. DIV, VOL, VIII. 
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levelled, and found that on reversing his sets on a subsequent night he 
got the same mean interval, as he ought. Professor Woodhouse 
examined his level scale by observing Polaris over half the wires with 
one end high, and the other half with the other end high. | This is less 
sensitive than the method we have pointed out, but will do for its 
purpose very well, if the instrument is examined and verified by a 
meridian mark between the first and second set of observations, other- 
wise we should be afraid a change in azimuth might be caused by 
turning the elevating screw, in spite of all the care of the artist to 
prevent it. 

An eye-piece has been introduced into use within the last few years, 
which, by illuminating the wires in a particular manner, enables the 
observer, looking downwards into a basin of mercury, to see at the 
same time the wires and their reflected image: if these be made to 
coincide, the telescope is vertical, and therefore the axis horizontal. If 
the micrometer wire be used to measure the interval, the result will 
be found to be twice the inclination. 

The transit may be levelled, as it was in older times, by a plumb- 
line, which, hanging from a frame placed close to the instrument and 
in front of it,is made to pass over two dots, placed at the eye and 
object end of the telescope. This is an accurate but intolerably trouble- 
some method. In Groombridge’s circle, Troughton used a plumb-line 
in a tube at right angles to the axis and to the telescope for the same 
object. The images of the opposite dots at top and bottom were 
thrown on the line by lenses, and viewed through microscopes, in the 
way in which he always applied the plumb-line. We do not know 
whether Mr. Groombridge adjusted the horizontal axis by means of 
this plumb-line or no, but the artist himself said that he introduced 
the tube principally to make the axis equally weak all round, finding 
that it was previously so much stronger in one direction than another 
as to give him trouble in dividing it. Finally, the axis may be 
adjusted, or the inclination measured micrometrically, by means of a 
vertical collimator, which is convenient enough, but, so far as our own 
experience goes, rather uncertain in its indications, and much inferior 
in both respects to a good level. A really level carefully and 
re pee | applied will show the position of the transit axis to about 
0-2 or 03, or the inclination correction to 0*°02, and this is a smaller 

uantity than a considerable number of careful observations will 
ow. 

From what we have already said, it is evident that where exact time 
is wanted, the collimation, inclination, and deviation factors are per- 
petually required. The collimation factor is merely a table of secants 
of declination, and may be taken from any table of natural secants. 
The inclination and deviation factors should be computed for each 
observatory to every 10/ of declination, and be tabulated for constant 
use. For the stars often observed, we find it most convenient to have 
a catalogue in which the log secants of declination, the natural secants 
and tangents of declination, and the factors for inclination and deviation, 
are entered in parallel columns with the proper signs. The astronomer 
royal employs a sliding-rule for these and similar computations. In 
computing this table for a given latitude, the formule will be advan- 


tageously transformed thus :— 


—8 

Inclination factor = “26 Ds aamiace ide Win't's 
sin (p—8) 

Deviation factor = — 55 = sin ¢ — cos ¢ tan 3 


so that having the natural sine and cosine of latitude, and oe the 
log sine and cosine, the computation reduces itself to adding the log 
tan. declination to these last. The n tables may be computed 
in a few hours as far as is advisable ; for near the pole the change of 
declination has so large an effect, that it is necessary to use the exact 
declination. 

Great service would be done to amateur practical astronomers by a 
judicious set of printed forms, in which to enter and reduce their 
observations ; rh by a set of tables sufficient for these small com- 
putations, and not containing anything further. This can only be 
obtained by repeated attempts, and after all most observers would 
probably prefer a modification of some form, to adopting it implicitly, 
We have tried to produce something in this way on which a better 
attempt may be founded. The astronomer royal published a por- 
tion of the forms used at Greenwich in the volume of the Observa- 
tions for 1840, and we venture to recommend his practice to other 
observers, in order that their less able brethren may profit by their 


superior skill and re 

While he was employed in the Royal Observatory of Paris, Rémer 
proposed a method of determining the equinox by observing the azi- 
muth of the sun at rising and setting near the time of the equinox, 
which method he illustrated by an example. (‘ Basis Astronomia,’ p. 
107.) He thus got rid of the effects of parallax and refraction, and 
deduced an accurate declination of the sun without an exact knowl 
of the latitude. The method is a very good one, though undoubtedly 
inferior to that proposed and executed by Flamstee Many years 
after, Rémer, on erecting a small observatory in his own country, 
placed a transit east and west, that is,in the prime vertical, Almost 
all his papers were destroyed by a great fire at Copenhagen, and it 
does not seem by Horrebow’s account that any use was made of this 


prime vertical transit, He intended probably to observe the sun in 
= 
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the prime vertical for the purpose alread ; but as he had | ascension. This difference is the 2% P2, which is consequently known: 
now 4 meridian transit. circle, with which he measure declinations Now from right-angled triangle r z= 2 

with great accuracy, he seems not to have followed up this idea. be 
Bessel, in the ‘ Astronomische Nachrichten,’ vol. ii. p, 9, showed that 

the transits of stars over the prime vertical near the zenith might be 


differences of latitude with great accu: $ 
was ae ote observatories abroad have had transits 
ae We shall here briefly show how terrestrial 
— of latitude may be determined by a transit in 


the pole, z the zenith, zw the prime Vertical, which is 
in the heavens by the transit, and s 18’ part of 
parallel of a star which south of the zenith and near 

if the time at which star is on the wire at s and 8’ be 
angle srs’ is the difference of those times, and therefore 
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In the right-angled triangle z Ps, 


tan PZ = tan PS X cos SP2Z; 
for, cotan @ = cotan 8 x cos 4 time elapsed. 


If then the declination of the star is known, the latitude is found ; 
or if the same star be observed at two places, the difference of 
latitude may be found with only an approximate knowledge of its 
if the same star be observed regularly at the same place, as 

Pg sd py yw: te x cos 4 time elapsed, and as the time 
can be observed with the greatest nicety, the variations of 

ion can also be measured with great ision, Thus the con- 
stants of aberration and nutation may be determined by a transit 
in the prime vertical instead of a zenith sector; but the advan- 
tage appears to us questionable. The telescope in a zenith sector 
may be of almost any size, which gives it an immense advantage over 
the transit. The level may be applied just as well to one instru- 
ment as the other (the plumb-line much to the zenith sector;) 
and though the division by time in the transit is more perfect than 
division by are in the sector, the telescopes being of the same power, it 
is certain that the division is not the failing part of the sector. An 
error in the form of the pivots would be injurious to the transit, 
and is not readily to be detected: but of little consequence in the 
sector, and easily detected. It must, however, be admitted, in re- 


In determining the latitude by the portable transit, it is easy to 
place the instrument with sufficient acc , for error must be 
considerable to affect the result very sensibly. An object-glass ae be 
other, 
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the exact latitude at once if the telescope passes 
if the axis is truly horizontal. If the north end is . 
§", the circle described by his instrument will pass 5” to the 
true zenith, and he will get by the formula given above 
Sif co-latitude too great by 5”. 
is very incorrectly placed with respect to the meridian, 
Let the axis point to the 
describes a vertical circle passin; 
8 8’, will be the co-latitude w 


coy! 
escope 


orime corrected for clock-error, differs from the 
which it actually passes the meridian, that is, from its right 


gr % 
tan PZ, cox, 2 Pz=tan Pz=tan Ps x cos, § elapsed time ; 
‘ tan 8 x cos. Z P2 . { 
Or, ta $= cog, | time elapsed ° AN 
It would be better to deduce the angle zP2, which is the same for 
<i sate, ORS ate SUSAR Oa Seb Sel fey a ee 
the passage is’more easily observed, the length of time which 
elapses between the two passages of stich a star is inconvenient, If the 


|. Ifthe observer has determining the in 1 
by a reference to knows objevte i the hotiecs, Sha: cocvest SeMliaeee 


may be easily deduced from the 
Pa = “sin pas? cos, of azimuthal error. 


Lastly, as almost all transits have Mtgeabactagy which are or may 
be tolerably adjusted, the observer measure the apparent ph 
y Soma Pye pie ype apact abo, 
Then cos P Z=cos Pz x cos Zz, or sin latitude=sin 
$056 2 0s 90 Me CURR Sy He eee . 
rev e instrument, any error of collimation or 
of ivola will produce prver: ba vi effect ta the tole 
Observations, , of two stars same day in reversed 
positions, or of the same star on foll app Perera ee j 
will correct each other, and the mean give the true latitude, “4 
is, a nearly a¢ the declination of yy have dwelt 
more minutely on blem, 
is required with but moderate 
onger ped A y pro! % 
is tte Veut method of determining te 


There is one caution whieh ihe wanes af 
Fh g tke ee the ent Bae? ong te 

ho motion of theirs while o can affect horizontality 
axis, With this precaution, and such 
best workshops here and abroad, a thirty-inch 
we conceive, the latitude within 1” or 2", without 
on the part of the observer. 

There is ore word more to be said on the subject of 
conel By the mode in which they are 
ought to be true cylinders, having their axes in 
an 04, tis Goa, Chay Ase: very tiearly, when the axis is 
pivots are turned in a lathe, & diamond for 
A*little inequality of radius we have shown how to measure 
correct for. But if the pivots ate elliptical, the fault will fot 
shown by the level; and its effect will be to give the instru 
small ble error in azimuth, the period of which is 90°, 


Several ways of trying whether the pivots have a correct 
error is 80 small as not to offer much hold to hay es method ; 
ve any 
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su bodiag sath es a small variable error d 
the fexure of the of the instrument, or an error 
the pivots, is more than we can ; 

well worthy of investigation in the present state o 
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any one who to erect such a building. It will 


state some of the properties which a well-contrived observatory 
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Possess, and this may help an intelligent person to form a judgment 
after examining several of those which exist, < ’ ; 
An observatory, as was well remarked by Rémer, is nothing more 


idge is nearly perfect in this respect. The best foundation is 
undoubtedly rock ; the foundation must be solid enough not to change 
rapidly. Absolute immoyeability is not to be obtained, “ The supports 


preca of position 

the instruments will be very slow, and when it is slow and uniform 

i i In some of the earlier observa- 

the instruments are placed high above the ground, and in 
the tal observatori 


. Course upon the class of observations which are to be pursued there, 
Tt has been too much the custom to build observatories nearly alike 


by'9 80-inch transit, if they are of the best kind and well handled, so 
these are sufficient for the most delicate determination of time, 
Se crransite are necemeril on Aa ported between two stone pillars, 


The 
fo ae aronsly recommen 
orm » practicable, and on @ sound and detached founda. 


he is looking south, and so that the observing chair is not likely to 
strike it. The windows should be on the north side of the tran ta, 


The meridian circle, which, in England at least, is always a mural 
‘circle, and, so far as we know, there has been hitherto no material 
improvement in the plan first followed by its in¥entor, Troughton, 
Perhaps if the circle were cast in one piece, the whole would be firmer. 


of eight, of five, and of four feet. The transit and circle require two 


y 
while counting the wi be disturbed by any noise, Where two 
observers oot, and much tes ned aunt cirle may be pe ache 
both § such are used, in preference t would seem, in the 
q German, Russian, and Ttalinn Soe, Prete > 
The transit, meridian circle, and clock are the 


ail ——eo 


ey require, 
@ square or oblong room, from 14 to 20 feet in its smallest direction, 
namely, north to south, and 10 or 14 feet high, with 4 slit of from 18 


z 


to about six inches below the height of the centre 
As this must be open during observation, it must be 
weather by shutters easily removed. If the 
large, the vertical slits may be secured by a 
pieces, and the top by one or more shutters 
» Pretty much like a box-lid, in a way that any good 
understand. A specimen of what appears to us a yi 
ental observatory is the workin part of that at Oxford, 
two y oer: Tooms like those described, separated by a 


Fooms may be closed by shutters which slide back and forwards 
ropes attached to them. The shutters, where the 
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to 30 inches wide, cut in the direction of the meridian through the | him 
side-walls, 


of less importance than the extent of the horizon. It ig generally 
raised high enough to overlook the circle and transit rooms, and has a 


over the entire heavens, If an observer wishes for one aig Jasons 

i good observations in any part of the heavens, he must 
confine himself to the altitude and pe circle under a revolving 
dome; but though everything may be doffe with this instrument, it 
must be admitted that it is with considerable expense of thought and 


from top to bottom. The astronomer royal adopted at Cambridge a 
Chinese-looking form, namely, 8 flatter cone on the frustum of a 


be better applied to it; but in appearance the spherical form has 
greatly the advantage of an other form. For measuring objects 
which do not require a large Held, the astronomer royal has a plied a 


existence of parallax, which had baffled astronomers ever since the 
existence of parallax was Proposed as a test of the motion of the 
earth. 


Lastly, if it is wished to cultivate that department of astronomy 
which we will call the Herschelian, an observatory must be furnished 
with gigantic reflectors, as it seems hopeless at present to expect that 
refractors can be made large enough to transmit sufficient light. 
These instruments however must almost of necessity be used in the 


A private astronomer would probably do most to advance the 
science by confining himself chiefly to extra-meridian observations, 
which may be taken up and left off at pleasure. A small transit for 
time, and as large an equatorial telescope as he can afford to set up, 
would be sufficient to employ his leisure very profitably. 

An observatory is a very dull and uninteresting sight to any one 
who is not acquainted wit the purposes to which it is applied ; and 


and to be acquainted with the Seometrical part of astronomy; in 
which case he would, no doubt, learn that in an observatory which is 
not to be learned or understood elsewhere, Pye: 
There is no perfect model of an observatory, as respects the building, 
to which we can refer, Cambridge is, perhaps, the best, but on a 
scale than is n + We have already mentioned Oxford ; 
Greenwich has nothing to recommend it as a building, but the good- 
ness of the instruments, and the number and methodical arrangement 
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of the observations and computations may be judged of from the 
Observations, 

If an architect should have to construct a first-rate observatory, we 
should advise him, after learning what instruments are to be accom- 
modated, to study each of these observatories, and arrange the rooms 
in the most convenient manner, The best appearance which the case 
admits of may be given afterwards, but he should not be very rigorous 
as to outside symmetry. It is scarcely possible to unite convenience 
as an observatory with a regular exterior, except at a considerable 


TRANSITS OF MERCURY AND VENUS. The inferior planets 
as they are called, whose orbits are within that of the earth, may some- 
times appear to pass over the body of the sun, conte fA their 
opacity, successive parts of the solar surface. The transits of Mercury 
and Venus are phenomena of this kind. They do not take place very 
often, as they can only be when the planet is in or very near to the 
node of its orbit, at the time when a line drawn through the sun's 
centre and that node passes through the earth. As the nodes of the 

lanets alter their positions on the ecliptic very slowly, it will happen 

many centuries together that these appearances can only take place 
at stated periods of the year in which they happen. A transit of 
Mercury is always either in May or November (according to the node 
of the orbit at which it takes place), and one of Venus in June or 
December. The first transit of Mercury which was observed took 
place in 1631, and of Venug in 1639, and the following are the dates 
of those which have occ’ 


come :— 
: Transits or Mercury. 
Nov. 6, 1631. Noy, 10, 1736, Nov, 11, 1815. 
Nov. 8, 1644, Nov, 2, 1740. Nov, 4, 1822. 
Nov. 2, 1651, Nov, 4, 1743. May 5, 1832, 
May 3, 1661. May 5, 1753. Nov. 7, 1835. 
Nov. 4, 1664, Nov. 6,°1756. May 8, 1845, 
May 6, 1674. Nov. 9, 1769, Nov. 9, 1848, 
Nov. 7, 1677. Nov. 2, 1776, Nov. 11, 1861, 
Nov. 9, 1690, Nov. 12, 1782. Nov. 4, 1868. 
Nov. 2, 1697, May 3, 1786, May 6, 1878. 
May 5, 1707. Nov. 5, 1789. Noy, 7, 1881, 
Noy. 6, 1710, May 7, 1799. May 9, 1891. 
Noy, 9, 1723, Nov, 8, 1802, Noy, 10, 1894, 


Of these the transits yet to come in 1861, 1868, 1878, will be visible 
(weather permitting) in this country. 


Transits or VENvSs. 


Dec, 4, 1639, Dee, 8, 1874, June 7, 2004, 
June 5, 1761. Dec, 6, 1882. June 5, 2012, 


June 3, 1769, 
Of these the transits of 1882 and 2004 may be visible in this 


country. 

The ase of these transits is threefold. First, they may be employed 
in correéting the tables of the planet in question ; secondly, in com- 
puting the longitude of the place of observation ; thirdly, in finding 
Se Deel reances oF Se piapee Meee the sun from the earth. The 
first of the uses is by the transits with many other kinds of 
observations, and as they occur so seldom, it is fortunate that in this 
respect they are by no means indispensable ; and the same may be said 
of the second use. As to the third, the transits of Mercury, which 
occur with tolerable frequency, are comparatively useless, from the 
difficulty of the observation ; but the transits of Venus are more avail- 
able, and furnish our most precise mode of ascertaining the distance of 
the earth from the sun. 

It cannot be shown precisely to any but a mathematician, how it is 
that the observation of a transit of Venus at several different places on 
the earth’s surface is made to answer the above purpose, The phe- 
nomenon itself obviously resembles an eclipse of the sun, as distin- 
guished from one of the moon; and is affected in its progress by the 
rotation of the earth. Ifa spectator were placed at the earth's centre, 
he would see Venus over a certain line on the sun's disc, traced 
out by a moving line the end of which is in his own eye, and which 


passes through the centre of Venus. Whenever this line Feel through” 
surface 


the sun's surface, Venus will appear to be projected on 
a dark spot. At the same time a spectator on the surface of the earth 
will refer the spot to a different point of the sun’s surface, and the 
thing to be noted is, — the cree of rag lines which Venus 
appears to pass over on the sun's surface depends jointly on the 5; 

tator’s place and the positions of Venus and the a4 e forteuile oy 
which the time of transit is connected with these two things—the spec- 
tator’s , and the position of Venus and the sun-—points out that 
the of the apparent beginnings and endings of the transit at 
different places on the earth's surface depends entirely on the difference 
of the distances of the sun and Venus from the earth (as is sufficiently 
evident without the formula; for if the planet were at the same dis- 
tance from us as the sun, that is, if it ly passed over the body of 
the sun, the phenomena would not be sensibly different at any two 
parts of the earth), The distances of the sun and planet enter into 
the formule by means of their parallaxes [i asateex) ; and if the 
difference of the parallaxes is once known, the parallaxes themselves 


since, or will occur for a long time to | begii 
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are known, for the on of the distances of the earth and Venus 
from the sun is ascertained from Kepler's laws. Ata 


transit is observed at one place only, the form: 

known at some other, either the centre of the earth, 
some other observatory. When the transit is observed 
hthe second observation is inserted instead of the son tee 


: 
i 


| 
E 
i 
E 
2 
: 
ts 


transits of Vet and 1702 If tho transit shouldbe soen bath tit 
inning and en at different places, ev them (an 
inati wat the difference’ of 


the mean of all the results would be entitled to 
de; of confidence. 

The first transit of Mercury that was “ever observed was seen 
Gassendi, November 6, 1631; the first transit of Venus by H aj 
December 4, 1639. Halley ted out the use of such transits, 


, Chappe to Tobolsk, and Pingré to the island of ; 

the Reno government ; Maskelyne went to St. Helena, preg wk 
the Cape of Good Hope (he intended, but was , to go on to 
Sumatra). The weather hindered or injured most of the observations ; 
the most fortunate was that of Mason, who made the sun's parallax 
eight seconds and a half. The transit of 1769 was still better 

to, The complete duration of the transit was observed at Cape Ward- 


sf 


ingress of the planet was seen at almost 
Orska, and Oren 


second. 

Most of the observers who saw the ingress of the planet unite in 
stating that after the planet had entered on the sun, it continued for a 
short time to appear as if it were joined to the limb or border of the 
sun by a dark protuberance or ligament (some call it a thread), This 
phenomenon appears to be of the same sort as that noticed in Sun with 
respect to the annular eclipse. A full account of what was seen with 

to Venus will be found in Mr. Baily’s paper there referred to. 
(‘ Mém. Astron. Soc.,’ vol. x., p. 1.) 

TRANSLATION, This word is used in mechanics, as distinguished 
from Rotation, in the following manner:—A body has motion of 
translation when all its points move in parallel 
fact, all its points have the same motion. If all have not the same 
motion, there is either simple rotation, that is, about one permanent 
axis; or rotation about a varying axis; or else a compound of trans- 
se tho point which 4s. called th f gravity of a system, and 

e it whi e centre of gravity of a . 
which is of no small im in the theory of equilitadiien, tind al 
more in that of motion, The motion of any free m is com- 
pounded of the translation of its centre of gravity, the rotation 
about an axis (whether always in one direction or not) i 
its centre of gravity. Now whatever the forces may be by w such 


as | a system is either set in motion, or acted on while in motion, the 


translation of its centre of gravity may always be made a distinct 
a. rhenenae ei 5 about its centre of gravity, by the following 
simple rules :— 

1. The centre of gravity moves just as it would do if the whole 
sirubecn srure Share ociLchG ish ae tna aaa ies Mies abide. 

2. The rotation of a system about its centre of gravity is no other 
than what it would be if that centre were made a fixed point, and all 
the forces applied in their proper places. 

Suppose, for instance, a bar a B, whose centre ft ee ee 
sent spinning into void space by a certain blow in the direction px, 
communicated at p, Let there be another similar bar ab, whose 
centre of gravity ¢ moves on a fixed pivot without friction, and which, 
being parallel to 4 B, is struck at the same instant with a similar blow 
in the direction de, To find woah epee of the bar at the end of 
any given time, say three seconds, is a twofold problem, as follows ;— 
First suppose all the mass of the bar concentrated at ©, and let the 


the ogress at'Petersburg, Yakutak, Manilla, Batavia, Pekin, Gutel, 
e at i ia, 
burg. ‘Phe ‘ vario 


straight lines ; when, in ~ 
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blow be struck, with the same force and direction, at the point ©. 
This point c will then describe a certain parabola om H; say that in 


G 


~ 


Next turn to the bar which moves ona 
three seconds. Draw Fa, a 


the wider use which the word has, or might have, in geometry ; at any 
rate we have the 


Poginer in geometry Buclid requires this when he speaks of equal 


‘ his test of equality, namely, the ibility of creating a 
figures ; and equality, namely, the possibility 


we can e the fourth proposition of E: 
he the consiatence of matter without its impenetrability, but whether 


proof is 
a those who do not understand it 
one he gave. 


te 


B Cc 


Let aBc bean isosceles triangle, having aB=ac. Let it be turned 
round (for illustration, the dotted lines show the tracks of the three 
points, and two intermediate positions are shown) into the position 
DEF. Then in the two triangles BO, DEF, we have AB=D#, for DE 
is 40(=AaB by hypothesis) removed. Also ac=pF, for a similar 
reason. And the angle Bac =the angle EDF, the second being only 
the removal of the first. Hence we have AB=DE, AC=DP, and 
ZBAC= ZEDF, and now by the fourth proposition it follows that 
ZAaBso=ZdeEY, But ver is only another position of ZacB; 
whence 7aBC=/ ACB, which was to be shown. lf preferred, the 
triangle abc might be turned round upon itself, and the reasoning 
of the fourth proposition at once. 

It is not to be supposed Euclid did not see the preceding : but 
he is a writer who very rarely goes out of the most obvious path 


without some cogent reason connected with his system. The proof 
given above would not serve to demonstrate the equality of the ex- 
ternal angles without the previous introduction of the properties of 
adjacent angles; and it happens that the knowledge of the equality of 
the pais, angles is immediately wanted. 

TRANSLATION, Byles 

TRANSMUTATION OF METALS. [Ancuemy.] 


TRANSOM. oe) 

TRANSP. CY is that quality of certain substances or media 
by which rays of light are allowed to pass freely through them. It is 
doubtful whether any substance exists which is perfectly transparent ; 
for even water and air stop more or less of the light passing through 
them when the length of its path is very great. It is, however, exceed- 
ingly difficult in such cases to say whether the observed stoppage be 
due to the pure substance, or to foreign bodies present in proportions 
otherwise perhaps inappreciable. On the other hand we have reagon 
to believe that all bodies possess the property of transparency in a 
certain degree. Thus many metals have been obtained by mechanical 
or chemical means in such a state of thinness as to transmit a certain 
amount of light; for example, gold, which in the state of gold-leaf 
transmits a greenish light. 

There are two distinct obstacles to transparency, one a defect of 
homogeneity, whereby a portion of the light in its onward progress is . 
continually reflected in another direction, at the surface of separation 
of adjacent portions of the body having different refractive powers ; 
the other the power which a very great number of substances possess 
of absorbing light. [Axsorption or Licut.] A good example of 
the former is afforded by snow, which in sufficient thickness prevents 
the transmission of light, but simply in consequence of its reflecting 
the light backwards at the various surfaces of the icy crystals; and 

i bara is brilliantly white by reflection, whereas the single 
reflection from a sheet of water or ice is comparatively feeble. Other 
examples are afforded a mixture of water and oil, or water and 
bisulphide of carbon, en up together; or. better still, an alcoholic 
solution of bisulphide of carbon precipitated by the addition of water. 
In these cases mixtures are obtained which, from the multiplied 
reflections, have a milky ap) ce, and in sufficient thickness stop 
transmitted light, though mixed fluids (bisulphide of carbon and 
watery alcohol in the last example) are separately transparent. The 
transparency of white paper is greatly increased by oiling the paper, 
the reason of which is that the quantity of light reflected at the com- 
mon surface of the fibres and oil, which do not very greatly differ in 
refractive power, is very much less than that reflected at the common 
surface of the fibres and air. The mineral hydrophane derives its name 
from becoming more transparent after being placed in water, which is 
in consequence of its imbibing water in the pores with which it is 
filled. 


Examples of the second obstacle to transparency are sufficient] 
familiar, as may be gathered from the article on emeionk Thus 
the common blue glass cuts off a large quantity of the light incident 
upon it, and when in tolerable thickness may for most purposes be 
regarded as opaque. Most commonly both obstacles to trans; ency 
exist bry im as in the case of wood, cork, brick, dyed cloths, ko. 

That homogeneity should be one requisite for transparency, follows 
from the existence of reflection at the common surface of media of 
unequal refractive power ; and therefore in considering the cause of 
transparency it will be sufficient to confine our attention to homo- 
geneous media. In such media tran: is to be contrasted with 
the power of absorbing light ; the former in the absence of the latter. 
The speculations at one time entertained respecting the cause of 

ion on the supposition that light consists in particles darted 
forth by the luminous body can now only be matter of history ; we 
shall confine ourselves to a consideration of the probable cause of 
absorption, on the supposition that light consists in the tremors of an 
elastic medium. 

In the case of gaseous media especially, the rate of absorption of 
light ing through them changes, in many instances, in a very 
re ble manner with the refrangibility of the light. Hence the 
spectrum of white light subjected to prismatic absorption on the part 
of such media, presents fluctuations of intensity, simulating more or 
less completely effects due to interference. Accordingly attempts have 
been made to refer absorption to ordinary interference. But such 
explanations labour under one fatal defect ; they suppose the annihila- 
tion of vis viva. The effect of ordinary interference is not to 
destroy light, but merely to alter the distribution of illumination, 
Thus, when the light of a rather distant candle is reflected from a thin 
plate of mica bent into a cylindrical form, and the linear image of the 
flame is analysed by a prism, it is true that dark bands are seen which 
remind one of the bands produced by the absorption of light by the 
vapour of iodine, and were applied by the Baron von Wrede to the 
explanation of the latter phenomenon, and of absorption in general. 
(Poggendorff’s ‘ Annalen,’ vol. xxxiii, (1834), p. 853, aud ‘Taylor's 
‘ Scientific Memvirs, vol. i, p. 477.) But there is this difference 
between the two cases, that in the experiment with mica, the light 
which is defective in the reflected beam is found in excess in the 
transmitted beam, which would yield a spectrum having bands com- 
plementary to those of the former; whereas in the case of absorption 
the missing light actually disappears as such, It is not however 


as 


= 
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annihilated ; an effect is produced on the medium, whether it be that | increases directly as the so that equal volumes of air at . 
the temperature is raised, or that chemical are or different densities require tines inversely proportioned to the densities ¢ 
that the medium is made to emit light of a different kind, as in the | —thusa of air double the density of the sknoaphne See 
of phosphorescence .and fluorescence, [FLvoREsoENcE,] | thro ca tube into vacuum in half the time for 
ese phenomens, and especially perhaps the lest, incioste thas the ja pin’ of alr of density. With tubes of val ‘bore Abe 
i lume transpired in eq Siebende Metal on Ge length 6 


e 
i 


we are led to su that the undulations of the luminiferous ether | thus, if 30 cubic inches of gas were transpired through a tube 1 
i producing agitations among the ultimete molesulas of the | long in 5 minutes, a similar tube 20 feet long would only allow 
absorbing body, the cuneleradion, of. which Wperesore, syst, Sores 06 passage of 15 cubic inches in the same time. It was also 
2 compere sxpanain 0 shecrstan, That the period the transpiration of-equal volumes becomes slower as the 

uld pla; rises. Uniform results were also obtained, whether the tu’ 
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ci 
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' 
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: 
| 
copper or of glass, or a porous mass of stucco were emplo 
piration was found to vary with the chemical nature of the gases. The q 
ee oe Oe elaal the iod of the pushes 1; Tock’ other, indeeeideetty of sear peice? ; th nt 1 

si ¢ vibration, i peri nearly agrees | eac! er, ities, it was 
with Ssh. $6 oe Beal viemteee oe bar: if the couse of probable shah Gaiey oe | is. the meen Oi Tee 4 
absorption t just explained, we must attribute transparen elasticity on ute quan’ heat, latent as as 
oe REE at paths eobatigution ln oe tan , that mp a ae see wilh ditteet pehgrscarn pwr f same volume, so that i 
portion of it at least, can in its undulations glide freely among the transpiration seems to be intimately connected with the specific heat di 
molecules of the body, without throwing them into a state of agitation, of pene, g 
TRANSPIRATION, a term applied by Mr, Graham to a peculiar } xygen has apparently the slowest rate of , and is taken | 
; 


cE 
RSE 
ge 


5 


sn tundomnente) property of the snows form of nastier i naming the unit in follo table. It is f that a mixture of 

en lad pd tu It differs from Errusion by which gases — volumes of two gases not always give the mean transpira- 

pass a small aperture about gisth of an inch in diameter, into | bility. Thus the time for the transpiratio oe is much 

@ vacuum; but some of the results of transpiration correspond with | prol a by scents Of Uygen, ane rate Pein 08 
mean 


SION, Times for 

The results obtained by Dr, Poiseuille, and confirmed by Regnault, Transpiration of _‘ Velocity of ~ 
were obtained b; sending a liquid under examination through a Gases. equal volumes, ‘Transpiration. 
capillary tube under the influence of condensed air of known pressure, Oxygen > » » 30000 1/0000 
For a minute account of these experiments we must refer to the AIT ey) Hg PE 9h HA Re 1/1074 
* Annales de Chimie,’ $e serie, xxi. ; an abstract of them is also given Premass PPE as ApS er tt ora76s 114) 
in Professor Miller's ‘Chemical Physics,’ where the apparatus is also sarin ral Sap ae ares 
figured Among the general results obtained, it appears that the rate Protazida of nitrogen eee 1334 

efflux of the liquid when the tube exceeds a certain length (which Hydrochlorio acid. |. , 07863 1-361 
is greater as the diameter increases) increases directly as the re, Carbonic acid, sy, OYOO 1-369 
so that by doubling the pressure, the amount of liquid di is Chlorine . 3 » «+ «  ,» 0°6664 1°500 7 
double, the times being equal. With tubes of equal diameter the Sulphurousacid . . . . 0°6500 1538 ‘ 
quantities discharged in equal times are inversely as the length of the Sulpburetted hydrogen +» 076195 1-614 
tube, so that a tube two inches long discharging 100 grains of liquid in Light carburetted hydrogen . . 0°5510 19815 
five minutes, a similar tube four inches long would only 50 Ammonia». + + + O51 1-985 ; 
ins in the same time. In tubes of equal lengths but of different pe arg ar CPR, ETE FAS pi ; pi 

iameters, the flow is as the fourth power of the diameters, so that irieen § J ® 53 04370 2/288 4 
the flow from a tube jth of aninch in diameter would be 16 times Sl nile tnagie a [ 
as great as from a tube y}sth of an inch in diameter, or as 1*; 2*, The Vapours, H 
material of the tube does not appear to influence the result; but the ‘Bromine, about . . ~. + 1°0000 : 
nature of the liquid does so greatly. In most cases the flow of saline Sulphuric acid, anhydrous =. . 10000 
solutions was found to be slower than that of distilled water; the Bisulphide of carbon . —. ——-_-(0°6195 : 
alkalies produced this effect. Certain substances appeared to exert no Pere Tne oan shall hy Peis : ‘ 
influence, such as nitrate of silver, corrosive sublimate, iodide of poring | 5 ee tu ehee ROSS ! 
sodium, iodide of iron, nitric, hydriodio, bromie, and hydro-bromic nce a Fp aOR ; 
acids. The presence of some other substances increased the rapidity ae pe oo aS See 
of the flow, such as hydro-sulpburic acid and hydro-cyanic acid; the 3 ’ 
nitrates of potash and ammonia, the chlorides of potassium and these ts capillary glass tubes, varying from 20 feet to 
ammonium ; the iodide, bromide, and cyanide of potassium. A slight | 2 inches in | , gave similar results, where a sufficient resistance § 
increase in temperature generally ts the flow; water at 113° | was offered to passage of the gas, The effusion of or 


But it is remarkable that concentrated solutions of iodide of potassium | a constant on of their specific gravity ; but the of the 
above 140° Fabr., and of nitrate of potash above 104° flow more slowly | same gases from tubes has no uniform relation to the ity of the 
than distilled water. In general, however, the solutions contained | gases, Both hydrogen and carbonic acid, example, more 
only 1 per cent, of the substances; and they were exposed to a| quickly through a tube than oxygen, altho the one ia ‘lighter and 
ual to that of a column of water 1 métre (39°37 inches) the ther vier that gas. 

igh, at tem: re of 52°16, and escaped through a tube 64| One of the capillary tubes used by Graham was as much as 22 feet 
millimetres (2°519 inches) in length, and 0°24946 millimetres (0°0108 | in length; it was made up of several ions of capillary tube as § 
inch, in diameter. No connection has been traced between the rate of | near] oqualde ieee ceed jonert y the eye, cemented together : 
efflux of the liquid and its density, capillarity or fluidity, The dilu- | by the low-pipe so as to form a continuous length, but bent up into 
tion of alcohol retards its efflux, up to a certain point, beyond which it | coils for the convenience of using. Its extremities were connected : 
increases it, the minimum efflux corresponding with that mixture of | with block-tin tubes, proceeding from the if rer tfo air-pump ; 
alcohol and water which is attended with the maximum contraction. | jar by means of thick caoutchouc ado his long capillary tube : 
The solubility of a substance in water exerts only a secondary influence | allowed one cubic inch of air to pass into a vacuum in 15°64 seconds ; : 
on the efflux. Dr. Poiseuille has shown that various solutions intro- | two inches of the tube held 2°65 grains of mercury, which gives a 
duced into the blood of a living animal sopeey ea effects of | diameter of 0°0222 inch, or Ath of an inch. 
acceleration or retardation on the capillary circulation i 
with those noticed with the same liquids in glaes capillary tubes. meter than one of glass, by the following means :—a cylindrical hole 

aehatinating space Tee Hells, is sppmane Wek the ee ee wes first drilled in the azie of | 
the velocity iration for each gas, is independent of its rate of | long, which rod was then extended it through a wire draw- | 
diffusion. In Graham's experiments on this subject, (‘ Phil. Trans.’ | plate, An iron wire, or triplet, was within the copper tube, and i 
1846 and 1849) the gas was contained in a uated jar, standing over | drawn through the plate at the same time, in order to keep the surface 
water, and so that the water on the inside should be kept on | of the copper tube smooth and uniform, It was found necessary to j 


the 

escaping 2} times quicker through the same tube than it did at 41°. discharge ly #1 ppartaire & » Shia pave, 1 Oe t in all gases upon 
, 

I 

; 

i 


the same level as that on the outside. On allowing the jar to sink, the | pull out the iron wire every time the was drawn, to prevent its  — 

gas was expelled by a flexible tube intoa bent tube containing chloride Iisooming fxs, The 

of calcium, and being thus Seat, yrmat Manes 6 lang See again introduced into 

tube, and thus entered the exhausted receiver of an air pump, whi In 

bond reac: creme or 4 ae bo nena fe Frage os rR = it remained Geongh b ee sound 
means 0 gauge, quan gas that’ en ver | j of air passed 

in a given time bali eneanalie sdbel- diameter was thus found :—Of 
By employing a certain length of tube increasing with the diameter, | last drawn, 92°7 inches weighed 18°30 grains, or one inch 

not the same for all gases, it appears that the rate of transpiration | 0°1974 grains. Taking the specific gravity of iron at 7'7, thia gives the 


the wing 
this way the copper tube was extended 11 feet 7 
and air-tight. One cubic ’ 
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- about 10 inches in . 


833 TRANSPORTATION, 


TRANSPORTATION, $34 


diameter of the copper tube 0°0114 inch, or ath of an inch. In using 
this tube for tra experiments, ft Sas coiled up into circles 


of liquids through caj allay tubes which is quite remarkable. 
To efor example, afew of Mr age: Lo fecpegeet 
velocity of hydrogen is exactly double that of nitrogen, althoug e 
— in aoe is as 1: ra The transpiration of carbonic oxide, 
the sp. gr., is also identical with that of nitrogen. The transpira- 
tion velocity of oxygen is related to that of nitrogen in the inverse 
ratio of the densities of these gases, that is, as 14:16. In equal times, 
and with equal weights (not equal volumes) of these two gases, the 
more hea was more slowly transpired in proportion to its greater 
density. ures of oxygen and nitrogen have the mean velocity of 
these two gases, and hence the time of air is also found to gh ek 
tional to its density when compared to the time of oxygen. Indeed, 
the velocity of different gases through capillary tubes, bears a constant 
relation to each other. The co’ of these relations, or of the 
transpiration times, has been observed for several of the gases for tube 
resistances, varying in amount from 1 to 1000, These relations are 
more simple in their expression than the densities of the gases. It is, 
indeed, very remarkable to find the velocity of hydr: to be exactly 
dotible that of nitrogen and carbonic oxide ; the velocity of nitrogen 
and oxygen to be inversely as the specific gravity of these gases; the 
velocity of binoxide of nitrogen to be the same as nitrogen and carbonic 
oxide ; the velocity of carbonic acid and nitrous oxide to be equal and 
directly ional to their specific gravities when compared with 
oxygen. In like manner, it is found that the velocity of proto-carbu- 
retted hydrogen is 0°8, hydrogen being = 1, the velocity of chlorine is 
14 that of oxygen, of bromine vapour and sulphuric acid vapour the 
fame a8 oxygen, while that of ether vapour is the same as hydrogen. 
Olefiant gas, ammonia, and cyatiogen are equal, or nearly equal, in 
velocity which approaches closely to double that of oxygen. Hydro- 
sulphuric acid gas and the vapour of tg ee of carbon have an 
tion time. The compounds of methyl have a less yelo- 
than tlie corresponding compounds of ethyl, but are connected by 
a certain constant relation. 

Among the general results obtained by Mr. Graham are the fol- 
lowing :—2. That the resistance of eapillary tubes of uniform bore to 
the of any gas is directly proportional to the length of the tube. 
8. That the velocity of the passage of equal volumes of air of the same 


different densities or elasticities, is directly propor- 


the highest of all, to bring out the fourth result, or the law of tempera- 
tures. 6. That transpiration is promoted *by density, whether due to 
compression, to cold, or to the addition of an element in combination, 
as the este ¢ of oxygen is increased by combining with carbon, with- 
out change of volume in carbonic acid. 

With respect to the influence of transpiration on the distribution of 


causes, 

TRANSPORTATION (érans and porto), removal, banishment to 
some fixed place, Transportation, as a punishment for crime in Eng- 
land, having Le ren abolished, it is only in its historical point 
of view that it will be here considered. Under Crimes ann Punisn- 
ments; Law, CrimmsaAL; and Preyan Servirupe, will be found the 
present state of the law with regard to the punishment of crime, and 
the nature of the system of imprisonment. 

The statute of 39 Elizabeth, c. 4, for the banishment of dangerous 
rogues and vagabonds, was vi y converted by James I. into an act 
for transportation to America by a letter to the treasurer and council 
of the colony of Virginia, in the = 1619, commanding them “ to 
send a hundred dissolute persons to Virginia, which the knight-marshal 
would deliver to them for that purpose.” T; rtation is not distinctly 
mentioned in E e stat. 18 Car. IL, e 3, 


4 Geo. I., c. 2, continued by stat. 6 Geo. I., c. 23, this mode of punish- 
ment was not into common Operation. By these statutes 
the courts were allowed a di i power to order felons who 
were by law entitled to benefit of clergy to be transported to the 
American plantations, tion to America under the statutes 


of George I. lasted from 1718 till the commencement of the War of 
Independence in 1775: . ; 

A plan for the establishment of penitentiaries, which was strongly 
recommended by Judge Blackstone, Mr. Eden (afterwards Lord Auck- 
land), and Mr. Howard, was taken into consideration by parliament, 
and the act 19 Geo. IIL, c. 74, for the erection of penitentiaries, passed. 
The government failed, however, to adopt the necessary measures for 
its execution ; and transportation was resumed by an act passed in the 
24th year of George IIL, which empowered his majesty in council to 
appoint to what place beyond the seas, either within or without his 
majesty’s dominions, offenders should be transported; and by two’ 
orders in council, dated December 6th, 1786, the eastern coast of Aus- 
tralia and the adjacent islands were fixed upon. In the month of May, 
1787, the first band of convicts left England, which in the succeeding 
year founded the colony of New South Wales, ; 

By statiite 5 Geo. IV., c. 84 (amended by the 11 Geo. IV., and 1 Will. 
TV.,c. 89) the crown was empowered to appoint places beyond the seas to 
which persons under sentefice or order of tratisportation or banishment 
should be conveyed, the governor of the colony, or his assignee, having 
the property in the service of the convicts. The crown was also 
empowered to appoint places of confinement at home, either on land or 
on board in the Thames, or other rivers or harbours, for the 
removal and confinement of male offenders (extended by the stat. 
16 & 17 Vict. to females) under sentence of death, but reprieved or 
respited, or under sentence of transportation, there to remain under 
order of the Secretary of State until entitled to their liberty, or 
removed, or otherwise dealt with. The capital punishment for offend- 
ers found unduly at large before the expiration of their sentence, was 
still retained, but was subsequently abolished by the stat. 4 & 5 
Will. IV. c. 67, which substituted transportation for life, with previous 
imprisonment not exceeding four years. 

ew South Wales, Van Diemen’s Land, and Norfolk Island became, 
under these statutes and an earlier statute of George IIL, the principal 
receptacles for convicts. The power of the colonial governors to remit 
sentences was next restrained by the stat. 2 & 3 Will. IV., c. 62, th 
being only empowered to pardon or remit labour after the convicts 
undergone a certain portion of their sentence; but this statute was 
repealed by the 6 & 7 Vict. ce. 7, which provides that, instead of 
governors of colonies remitting either absolutely or conditionally the 
petiod of transportation, the govérnors shall recommend felons to 
governtnent at home for pect and they are to be pardoned according 
to the instructions received thereupon, such pardons having the same 
effect as a on under the great seal. 

Although, as already stated, the property in the services of convicts 
was vested in the colonial governor, a practice prevailed in those places 
to which offenders were transported, of grantirig them in certain cases 
permission to employ themselves for their own benefit, These per- « 
missions were usually called “tickets of leave.” By the stat. 6 & 7 
Vict. c. 7, the legislature, thinking it just that such convicts should be 
protected in their persons and in the possession of such property as 
they might acquire by their industry, empowered them to hold per- 
sonal property, and to maintain actions in respect thereof while their 
tickets remained unrevoked, 

The reception of convicts having, however, become distasteful to the 
colonies, the stat. 10 & 11 Vict. c. 67, was passed, permitting offenders 
under sentence of transportation to be removed to any prison or peni- 
tentiary in Great Britain; directors of the principal convict prisons 
being appointed afterwards under the stat. 13 & 14 Vict. c. 39. The 
difficulty attending the reception by the colonies of transported ‘con- 
victs having increased, the stat. 16 & 17 Vict. c. 99, next abolished the 
punishment of transportation for any term less than fourteen years, and 
substituted perial servitude, giving the courts power in all cases to 
award that punishment in lieu of transportation. 

Finally, the stat. 20 & 21 Vict. c. 3, abolished transportation alto- 
gether as a punishment, substituting Penan Servitupe; but convicts 
under sentence of penal servitude may still be sent beyond seas by 
order of the Secretary of State. 

Transportation was of % value to our early colonists, as it sup- 
plied what was so essential to their well-being—cheap labour. From 
Australia it was subsequently extended to the settlements of the Cape 
of Good Hope, to Bermuda, and Gibraltar, but the last two were (and 
are) more of the nature of places of penal imprisonment abroad ; and 
with respect to Bermuda, it has been recently (1861) annouticed by the 
Secretary of the Colonies that the government have adopted measures 
for diminishing the number of convicts at Bermuda, with a view to the 
early abolishing of transportation to that colony. 

All convicts sent to Bermuda or Gibraltar ate employed by the 
government on sone works in the dockyards and fortifications. The 
system of punishment pursued is essentially different from that which 
has been in force in the Australian penal colonies, The convicts sent 
to Bermuda are kept apart from the free population; they are shut up 
in hulks by night, and are worked in gangs by day under the superin- 
tendence of free overseers, A small amount of wages is paid to them 
for their labour, a portion of which they are allowed to spend, and the 
remainder forms a fund, which they receive on becoming free. At 
the expiration of their sentences they do not remain in Bermuda, but 
are sent back at the e se of the government of this pf 

Mr, Bentham, Dr. tely, the present archbishop of Dublin, and 
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other writers on the theory of punishment, have condemned the general 
principle of transportation ; and comparatively little has been in 
opposition to their arguments. Mr. Bentham’s objections will be 

in a chapter on Transportation, in his Rita Aad Punishments ;’ the 
archbishop of Dublin’s, in his two ‘ Letters to Earl Grey.’ These argu- 
ments, but still more the resolutions of the colonies not to receive any 
more convicts, led to the abandonment of the system. The colonists 
were no doubt right in refusing to let their society continue to be 
the receptacle of the crime and profligacy of the parent state; but it 
is not so clear from doubt that in an early of settlement the 
aga of transportation may not be adopted with advantage; indeed 

e remarkable prosperity of Australia, if not its very existence as a 
settlement, is owing to this system. Where the ion is small, 
and labour scarce, the criminal is removed from much temptation, 
and placed in the very best ition for retrieving his character ; 
while the settler has the t of cheap and constant labour. The 
expense, however, to the t state is ; it was estimated that 
in transporting to Australia each convict cost the state 82/. 

TRANSPOSITION, the name given in Algebra to the process of 

a term from one side of an equation to another, changing its 
«ign. us, if a=b+e, by transposition, a—c=b. On this we have 
only to remark, that in this instance the rule is not much of an abbre- 
viation. If we say “‘ transpose c,” instead of “ take ¢ from both sides,” 
so little is gained, that it may be doubted whether it would not be 
better to follow the Continental writers in the use of the latter form 
of expression : a process which would have the advantage of being a 
perpetual ap) to reason instead of rule. 

TRANSPOSITION, in Music, is a change of the original key to one 
higher or lower. This is generally performed at a moment's notice by 
the accompanist to suit the convenience of the singer. To the latter, 
transposition is not attended with any difficulty : the change is little 
more than imaginary, except so far as relates to the compass of the 
voice, To the accompanist it is far otherwise; unless playing from 
memory, he must assign to all the notes as regards their pitch or their 


situations on his instrument, names wholly different from those in the 


copy before him. To accomplish this he has to suppose a 
of clef, or clefs, and thus give new designations to all the lines and 
spaces, For instance—and without going into the extreme case of 

from a score—a pianoforte player is required to transpose 
an air a whole tone lower,—from A to G. For this purpose he must 
assume a change in both clefs, the treble into the tenor, and each note 
to be played an octave higher than it is written ; the bass into the alto, 
and each note to be played an octave lower than it is written, Example 
in A, 


The same as read by the performer, when transposed to G :— 


Sve higher 
a a, 
SS E ro) n —— 


Sve lower ~~~ 


The difficulty attending this process is so great, that no amateur; 

and few discreet musicians, unless professed accompanists, or well 
uainted with the composition to be transposed, will undertake the 
; for to perform it in an artist-like manner, at first sight, requires 

a degree of practical skill only to be gained at the expense of much 
time that might be employed to far greater advantage in studyi 
thoxe higher branches of the art in which the most experienced 
always find something to learn, Our remarks, it will be understood, 
relate to performers on the pianoforte and organ. To those who read 
from a single staff, and play single notes only, as violinists, flutists, &c., 
the task of transposing is comparatively easy, 

To meet all the demands of transposition, a familiar knowledge of 
no less than seven clefs is necessary, and two of these—the mezzo- 

, and baritone, or bass clef on the 3rd line [Crer]—may be 
to have become obsolete. 

The annexed table will exemplify the use of clefs in transposition. 
It shows how to transpose a given key-note—A for instance—into any 
other note of the scale, and, consequently, how to the whole 
of any composition. It is hardly necessary to add, that the semitonic 
scale, as concerns line and space, is governed by the diatonic; that 
At, Ab, &c., have the same places in the staff as the natural notes 
represented by the same letters. 


A B c D BE F G 


TRANSUBSTANTIATION, [Sackamenrs]. 
TRANSVERSAL, a name lately given to a line which is drawn 


across several others, 80 aa to cut them all. The word is used in this 
eee eee eee lin cbs mor aly 

Let there be a ABC (the reader may easily draw the figures 
of this article for himself) and let a transversal cut its three sides 
internally o: ; namely, let a B cut. the transversal in c, Bc in 


ex 
@, and ca in b, Then will either one or three of a,b,c, be in sides — 


AacxBaxclb=Bpexcaxab; 
and the converse, 


through that point; from o, for instance, draw cm parallel to aB, 
cutting the transversal in mu. Then we have two pairs of similar 
triangles, mc}, cab, and aBec, acM, which give 


@C:0M::a@B:Be 
cm:ob::ac:ab 
orca:cb::acxBa:abxBe; 


whence the proposition required is obvious. The converse readily 
follows by indirect demonstration. ; 

Let any point p be taken inside or outside of the triangle anc, and 
let AP, BP, CP, cut BC, CA, ABin a,b,c, Then either one or three of 
the points as a, b, c, are internal, 


acxBaxch=Baxchxac, 


which is proved by using the former property 
with the transversal crc, and the triangle aac with the 


externally or internally by a line, namely, aB in ¢, Bc ind, cDin 
pg ina, Bain}; then id se ¥ ‘ ie 


ab. Be. cd. De. Ea=ac. Bd, ce. Da. ED, 


For let Bp and Bx meet the transversal in m and n : then the three 
triangles BDC, BED, BAE are cut by a transversal, giving 


Bm.pde.cd=Dm.ce.Bd 
Dm. EG. BN=Bm.Da.En 
En,ab.Be=Bn.Eb. Ac; 


Ot ane tramevorol De petal bo elder of to ea the ws eal 
e transv to either of the sides, the two 

which are then infinite, are to be i as equal, and rem 
pre — sides ge equation. 

e article ProyrcTion a test is given which, being satisfied, 
shows that a proposition is true of any figure, if it be true of any one 
of its projections. This test is satisfied in all the preceding cases, so 
that it is enough to prove any one case of these propositions, that is, 
for any one projection of the figure. Now there is no case in which 
they are obviously true, @ priori, — for that projection in which 
the transversal becomes the vanishing iia, oc all the aajponanie hella 
infinite. If we put the first proposition of all in this form 


Ae Oh iat 
Ab'Be’'ca ” 


given in the article cited, to allow this extreme case of projection to 
enter into the theorem: nevertheless, other proof might be given, 


We mention this only to show the very great power of the geometry 
of pecieetict: our limits do not allow of our cctering turthier fake" iils 
subject. 
he theory of transversals may be made useful in surveying, 
ticularly in a surveying : hie instance take the follo’ 
There is an ble point a, from which to B 
the distance without any instruments except signal- and a 
m ing-line, AS 290) Ob OR ena a tae 
distance een B and a. oose another ang eee ky 
between p and B set up a signal at x, and another at tw 
All this must be done by trial. ‘Then 
B trans- 


Z 
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versal & F A, gives the following 
DE.BA,.CF=EB.CA.¥FD 
or DE.CP.BA=EB.FD(BA—BC) 
EB.FD. BO 
whence BA= EB. FD-—DE. OF 
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The projection of figures may throw them into such different forms 
that lines which, in Euclid’s mode of speaking, would be called sides, 
become diagonals, and vice versd. The distinction of diagonal and 
side therefore becomes an incumbrance, and a new mode of viewing 
polygons is introduced, of which we shall now give an instance. A 
figure contained by four straight lines is, generally speaking, one which 
has six points: since four straight lines meet two and two in six 

ints; thus, the four-sided figure £ F B c has the six points E, F,B,0, D, A. 
Je sHi teas’ pointe be joined two and two, we hive the additional lines 
' Br, ce, DA, of which only the two first are commonly called diagonals: 

but all three have common properties. We shall prove the following 
by the extreme method of projection already alluded to, leaving the 
N 


B 
to verify it by the theory of transversals : each of the diagonals 
harmonically divided by the other two ; that is, 
AM:MD::AN:ND 
CG:GE::CN:NE 
BG:GF:;BM:MF 


rE 


To show the first : ject the figure so that xB shall the 
line. Maak O50 WO be vocjected inlaw te 


ghd ito s to DEandac through the intersection 
% ont = EN yee aga in the projection, aM=MD, and we 
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so scarce in i 
‘ when any become obsolete. If we were to t meanings for 
terms, we should that tra should be the general 
oe Som sions ¥ and all; and that 
_ trapezoid denote a four-sided whose sides are not in the 
"cao spc Perhaps this is what was intended by the solid figure of 
four : if so, it was particularly unnecessary to state that the 
sides are not 
TRA «rv Apstiedhsemetermggy Rindge: gosivele Few 
alleged opposite party. Generally all matter of fact, 
that is to be either and avoided, or traversed ; 
and if j an act as to one particular time and place, or 


‘and westings, in which they are a 


to iy Tes principally, and 
2 


traverse is tendered as to a material point by one party, the other 
must accept it ; he cannot waive it and tender another traverse. 

In crimfaal pleading traverse of an indictment is the taking issue 
and denying some material point in it. Not guilty is a general 
traverse, which throws on the prosecutor the necessity of proving all 
the material facts. 

TRAVERSE SAILING. [Recxontcs at Sra.] ; 

TRAVERSE TABLE. In navigation two tables bear this name ; 
the one is the list of courses, distances, northings, southings, eastings, 
for the convenience of 
addition, so that difference of latitude and departure may be readil; 
deduced in dead reckoning, when a ship cannot lay her course, but sails 
in various directions, or upon a traverse as it is called. [REcKoNINGS 
At Sea.]_ That which is more properly called a Traverse Table, is 
one from which the various northings, southings, &c. as above are 


gathered. 
The following figure will explain its principles :— 
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Suppose a ship at c sails S. 30° W., a distance of 231 miles; accord- 
ing to the usual mode of construction, the side c B would represent the 
meridian of the ship, and, therefore, the distance cB would be the 
difference of latitude; while AB would be the departure from that 
meridian, and a c the distance sailed, the angle o being the course 30°, 
as marked. It will be seen that only four parts enter into considera- 
tion, because the angle a is known (as the complement) when oc is 
known, and the Z Bis a right angle: any two of these four parts 
being known, the others may be found by trigonometry. But to save 
the trouble of logarithmic calculation (which such involves), a large 
t-angled triangles have been purposely computed, and 
ng to the magnitude of the course or Zc: being 
arranged in columns headed by the amount of such angles: the above 
example would appear in the table thus among the distances :— 


Course 30°. 
Dist. Diff. Lat, Dep. 
231 200-1 115° 


Comparing this with the figure, the nature of the table will be evident, 
as each line represents three parts of a triangle, as taken in connection 
with whatever Z co heads the list or page. 

The artisan and engineer would be greatly benefited if these tables 
were more in use, As it is, they are too generally considered as adapted 
e terms used favour this misapprehen- 
sion. however, such tables were published with the substitution 
of 4c for “course ;” perpendicular for “ difference of latitude,” and 
base for “ departure,” the eens Daitts be at once removed. Such 
tables sw le caleulation of right-angled triangles entirely, so far as 
application to practice demands, How far the facility thus offered 
would tend towards a superficial standard of mental attainment is 
another consideration: but such are the capabilities of the traverse 
table. 

TRAVERSES, in Fortification, are usually masses of earth which 
are raised at intervals across the terreplein of a rampart or across the 
covered-way of a fortress: their positions in the covered way are indi- 
cated at t,t, &. [Fortrricatioy.] On a ram they serve to pro- 
tect ao and men against the effects of a ricocheting or enfilading 
fire, whi ight otherwise dismount the former, and compel the latter 
to abandon parapet ; and in the covered-way, besides serving for 
similar purposes, they constitute retrenchments behind which the de- 
fenders may keep up an rong son, fire of ieverots! A upon the enemy, 
should the latter attempt to his way along the branches of that 
work. On this account they ene with banquettes, or steps, 
on which the defenders may to fire over them. Such a work, 
when formed in a direction parallel to a ram) or parapet, on its 
interior side, for the purpose of securing the defenders against a fire 
from the ground in their rear, is called a dow! 

Palisades ara planted the banquettes, in order to prevent the 
assailants from suddenly over the traverses ; and, at the passage 
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between each traverse and the interior side of the glacis, is a strong 
gate, or barrier, which is closed in the event of the defenders being 
obliged to retire from one traverse to the next, or to abandon the 
covered-way entirely. 

As, at the time of an assault being made at the salient part of a 
covered-way, the defenders might be bayoneted in shoneees to retire 
along the passages between the traverses and the glacis ( pasaages 
being then commanded by the enemy), it has been recommended to 
form other passages about four feet wide between the opposite extre- 
mities of the traverses and the top of the counterscarp ; and, in order 
that the retreat may be effected without molestation, a line of palisades 
is planted from each traverse to the next along the middle of the 
covered-way, in addition to the line which is always planted along the 
foot of the interior slope of the glacis, 

The traverses, like other parapets, are usually above eighteen feet 
thick at the upper part, in order that they may not be immediatel 
destroyed by the heavy arti of the enemy; but the Frenc 

ineers recommend that all the traverses in the covered-way, except 
those which are close to the re-entering places of arms, L, L [Forriri- 
cation], should not exceed twelve feet in thickness, as it may advan- 
tageous for the defenders to destroy them in the event of the enemy 
endeavouring to protect himself by them during the operation of cuts 
ting a trench across the covered-way for the purpose of making a 
descent into the ditch of the fortress. 

TRAVESTY. [Panopy.] 

TREACLE. [Mo tasses ; Sugar CuLtuRE AND MANUFACTURE.) 

TREASON. This term, in its legal signification, is derived from the 
French trahison ; and in conformity with this derivation, the offences 
designated by it in English law always contained the notion of treachery, 
or a breach of that allegiance supposed to be due from an inferior to a 
superior. Thus petit-treason was the murder of a husband by his 
wife, or a master by his servant, or a bishop by his subordinate in the 
church ; and high treason consists in an attack upon the sovereign 
as the political head of the state. The former of these two kinds 
of treason was placed in another class of crimes by the statute of 
9 Geo. IV., c. $1, 8. 2, which made petit-treason murder only, and no 

ter offence. The only crime therefore now known to the law of 
ngland under this term is high treason, which, as it is composed of 
numerous acts and circumstances, constructively and remotely, as well 
as immediately, affecting the safety of the person of the sovereign, 
cannot be accurately described by any simple définition. 

In early periods of the history of England, the law upon this subject 
was extremely vague and uncertain, in consequence of the great 
variety of acts which were held to constitute high treason as tending 
to diminish the power or dignity of the crown: killing the nay. 
father or brother, or even his messenger, refusing to answer in the 
king's courts, and summoning an English subject to appear and defend 
himself in the court of a foreign prince, were deemed to be acts of 
treason. (3 ‘ Inst,’ 7; Hawkins'’s ‘Pleas of the Crown,’ b. 1, ¢. 17.) 
Indeed, immediately before the date of the statute of treasons, a knight 
was indicted for high treason in “usurping royal power within the 
king's realm,” by assaulting another on the highway, taking his horse 
and detaining him until he paid 901, (Hale’s ‘ Pleas of the Crown,’ 
vol. i, p. 80.) From these and many other “instances which are to be 
found in law books, it appears that almost every act that could be in 
any way considered as a breach of the allegiance due to the king, or a 
constructive assumption of royal authority, was deemed to be high 
treason, as an “ accroachment of royal power.” This arbitrary state of 
the law became the cause of intolerable oppressions, and a petition to 
Edward IIL. from a parliament, which Mr. Hallam calls “one of the 
best that ever sat" (‘ Constitutional History,’ vol. iii., p. 204), occa- 
sioned the statute 25 Edward IIL, commonly called the “Statute of 
Treasons,” This enactment gave for the first time an intelligible 
definition of the crime of treason, and, notwithstanding the total 
change of national habits, still continues, after the of five 
centuries, to be the governing ‘law on the subject. Valuable as this 
law undoubtedly was in the comparatively rude times in which it was 
made, the i uacy of its provisions to meet the complicated 
relations of a more refined state of society has frequently rendered 
oo, 2 aga statutes necessary, and has Se the cause of those 
subtle and forced interpretations of its simple language, which have 
introduced scarcely less uncertainty and injustice into this department 
of the criminal law than prevailed before its enactment. 

The several acts and circumstances constituting high treason by the 
“Statute of Treasons” are as follows:—1. Compassing or imaging 
the death of the king, the queen consort, or their eldest son heir, 
2. Violating the king's companion (by which is meant the queen con- 
sort), or the king’s eldest daughter unmarried, or the wife of the king's 
eldest son and heir, 3, Levying war against the king within his realm, 
4, Being adherent to the king's enemies in his realm, giving them aid 
and comfort in the realm or elsewhere. 5. Counterfeiting the king’s 

or privy seal. 6, Counterfeiting the king’s money, or knowingly 
fringing false money into the realm counterfeit to the money of 
England, to merchandise and make payment withal in deceit of the 
king and his people. 7. Slaying the chancellor, treasurer, or the king's 
justices of either bench, justices in eyre, justices of assize, or any 
other justices to hear and determine, being in their places, 
doing their offices, As several of the offences above enumerated are 


acts’ of the mind, 
in such cases the ion, i 
of the law, must be manifested by so 


vol, i, p. 108.) 
ee i clause 
fence of com "s death, comprebends 
queen regnant, as eis invent by the constitation with fall ropa 
authority, and is entitled to the allegiance of her subjects. But ‘ 
husband of the queen regnant is not within the words or 
the statute. The precise meaning of the words “com 
“imagine ” in this clause of the statute has been the subject 
discussion. Mr. Luders has thrown much light upon their 
tion by collecting the instances in which the same 
used in writings contemporaneous with the statute; and 
attempts have made to give them a more enlarged 
tion, it is clear that they mean nothing more than “attempt” Mig 
trive.” (‘ Considerations on the Law of High Treason in the article 
Levying War,’ p. 137.) If this be so, the meaning of this clause 
sufficiently obvious to an i reader, and would be 
limited in his apprehension to attempts or contrivances against the _ 
natural life of the king, But by means of legal construction, the 
words have received a much wider meaning. “Thus, a conspiracy to 
imprison or depose the king, which by the statute of treasons is not 
declared to be a substantive treason, has been repeatedly held to be 
high treason in the article of compassing his death, because, v4 
to a saying of Machiavelli, “There is but a short interval the 
prisons and graves of princes.” Mr. Hallam justly observes, that “it 
seems not very reasonable to found a capital conviction on this sen- 
tentious remark.” It aj indeed formerly to have been question- 
able law, for Chief Justice Brooke, who compiled his ‘ Abridgment of 
the Law’ at the commencement of the 16th century, expresses a 
doubt whether a design to depose the king be within this clause of 
the statute ; “for,” says he, “ one may deprive the king of his crown, 
without designing his death ;” and in confirmation of his view of the 
matter, he refers to the statutes which had been from time to 
time to remedy this defect in the Statute of (Brooke's 
*‘ Abridgment,’ tit.‘ Treason,’ fol. 24.) And in fact experience shows 
that the adoption of this proposition would frequently lead to a false 
result, several instances of rebellion having occurred in English history, 
in which the designs of the rebels would have been wholly defeated by 
the death of the king, whose name they designed to employ. (‘ Con- 
peroes Seen 4 vol. iii., p. ne) oN a the doctrine that a 
esign to depose is an overt act of compassing the death of the king, has 
been repeat confirmed by treatises of the highest authority, as well 
as by judicial decisions. (foster’s ‘ Discourse on High Treason,’ p. 196 ; f 
Howell's ‘ State Trials,’ vol. xxiv., p. 1361; vol. xxv., p. 725.) A still 
i i has given to these 
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against the and also consulting with a foreign enemy to invade’ 
the realm, were overt acts of treason in the article of com the 
king's death. (Hale's ‘ Pleas of the Crown,’ vol. i, p. 120.) mode — 


of reading the plain words of a penal statute was obviously liable to 
serious objections and led to great oppression and injustice; “ such a 
method,” as Sir M, Hale says, “admitting of no limits or bounds, but 
running as far as the wit or invention of accusers, and the odiousness 
and detestation of persons accused, will carry men.” (‘ Pleas of the 
Crown,’ vol. i., p. 86-7.) | 
The doctrine of constructive treason haying been bro’ into pro- 
minent notice and much discussed in the trials of Horne 
Tooke, and others in 1794, the statute 86 Geo. IIL, c. 7, | 
with a view of superseding the cn = resorting to . 
modes of interpretation for the future. is statute, which 
originally in foree only for the life of George ILI., was 
by the stat. 57 Geo. IIL, ¢. 6, enacted that “if any person sha 
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within the realm or without, compass, imagine, invent, devise, or 
intend death or destruction, or any bodily harm tending to death or { 
destruction, maim or wounding, imprisonment, or restraint of the per- 


son of the king, or to deprive or depose him from the style, honour, 
kingly name of the imperial crown of this realm, or of any other 
his majesty’s dominions or countries, or to levy war against 
majesty within this realm, in order by force or constraint to com: 
him to change his measures or councils, or in order to put any 
or constraint upon, or to intimidate or overawe both Houses or 
House of Parliament, or to move or stir any foreigner or stranger with 
force to invade this realm, or any other of his majesty’s dominions or 
countries under the obeisance of his majesty; and such compassings, _ 
imaginations, inventions, devices, and intentions, or any of them, shall 
express, utter, or declare, by ee, printing or writing, or by 
any overt act or deed, every such er, being legally con , 
upon the oath of two lawful and credible witnesses, shall be adjudged — 
Pag ri =~ — toah v4 a hi treason.” It was no doubt 
the intention of the ture that this statute should an end to 
all artificial constructions of the statute of Edward TIL novertheloss 
the practice of resorting to these forced interpretations has been con- 
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tinued, and sanctioned by the approbation of the judges in several 
subsequent prosecutions for high treason. (‘Sixth Report of Com- 
missioners on Criminal Law,’ p. 16.) ° 
’ The second kind of treason declared in the Statute of Treasons is 
the violation of females of the royal family, and was obviously 
intended to preserve the purity of the succession to the throne. With 
a view to this object, the law has been held to apply to a criminal 
connection by consent as well as to a forcible violation. It is worthy 
of remark, as one of the numerous circumstances showing the 
icability of this ancient law to modern times, that a queen 
regnant, whether married or single, is not within this clause of the 
statute. ° 


The third species of treason above mentioned is “levying war 

against the king in his realm.” It amounts to treason under this 
clause of the statute to take arms against the king, not only with the 
object of destroying him, but where it is intended by open violence 
to reform religion or the laws, or to remove evil councillors, or other 
grievances, whether real or pretended. (Hawkins’s ‘ Pleas of the 
Crown,’ b. i., c. xvii.,s. 25.) The plain words of this clause of the 
statute have been still more extravagantly extended by legal construc- 
tion than those of the clause relating to compassing the king’s death. 
Thus riotous assemblies, where the object has been to destroy all 
perty of any particular class, such as to pull down all meeting- 
uses, or to destroy all inclosures, have been held to be treason in all 
who join them, by reason of the generality of the design. This 
doctrine has, however, been much questioned im recent times; and to 
the extent formerly contended for, would probably not be counte- 
nanced by the judges at the present day. (Luders, ‘ On Constructive 
Treasons ;’‘ Sixth Report of Commissioners on Criminal Law.’) Indeed 
the necessity for constructive extensions of the words of this clause, 
which might have been plausibly argued from the omission in the 
Statute of Treasons to notice conspiracies or preparations to levy war 
against the king, has been entirely removed by the above-mentioned 
statute of the 36 Geo. LIL, c. 7. 
The fourth kind of treason mentioned in the Statute of Treasons is 
adherence to the king’s enemies. The enemies here mentioned are 
foreign powers and states with whom the king of England is at war, 
and who owe him no allegiance; and, therefore, an adherence to 
British subjects in a state of rebellion against the king will not eon- 
stitute treason under this clause, although it may amount to treason 
in at of welt war. This kind of eh “ee Fue com- 
passing the king’s death, or levying war against him, be evidenced by 
some overt act, such as treacherously surrendering a fortified place, or 
supplying arms, or giving information to an enemy. 

e fifth treason mentioned in the statute is counterfeiting the 
king’s seals; and this offence would now be punishable as forgery only. 
The clause in the Statute of Treasons, which declares the offence of 
counterfeiting the king’s coin to be high treason, has been repealed by 
the stat. 2 Will. IV., c. 34; and the crime itself has been by the same 
enactment divided into distinct classes,as felonies and misdemeanors, 
with a graduated scale of punishments. 

The last species of treason above referred to is the offence of slaying 
the chancellor or the judges, which still continues to be high treason. 
This part of the law is, however, obviously imperfect, as it does not 
comprehend the barons of the exchequer, who at the present day are 
the king’s superior justices as fully as the judges of the other courts of 
Westminster Hall; whereas it includes the justices in eyre, whose 
office has long since been abolished. 
Besides the several treasons above enumerated, a large class of 
offences has been created by various apy. 2 from time to time 
in the reigns of Elizabeth and James L, with the avowed object of 
"span the Protestant religion from the designs of Roman Catholics, 
ut as many of these statutes have not been the subject of prosecution 


for near! centuries, and many others have never been enforced 
at all, they may perhaps be considered as virtually obsolete, and do 
not require to be particularly noticed in this article. (‘Sixth Report 
of Commissioners on Criminal Law,’ p. 35.) 
With a view to diminish the peculiar disadvantage under which a 
eharged with treason was supposed to labour in having to 
Nefend himself against a prosecution in which so powerful an adversary 
as the crown was interested, several privileges as to process, evidence, 
and trial have been given by statute to persons so accused. It is 
_ declared by the stat. 7 Will. LIL, c. iii., s. 2, that no person whatsoever 
shall be indicted, tried, or attainted of high treason or of misprision of 
treason, but upon the oaths of two lawful witnesses, unless the party 
indicted shall willingly, without violence, in open court confess the 
same. And by the third section of the same statute, it is declared 
that if two or more distinct treasons of divers heads or kinds shall be 
_ alleged in one indictment, one witness produced to prove one of the 
treasons, and another witness to another of the treasons, shall not be 
deemed to be two witnesses to the same treason within the meaning of 
the statute. The same statute of the 7 Will. III., c. 3, also enacted 
that no person should be tried for any treason (except an attempt to 
assassinate the king) unless the indictment be found within three yi 
after the offence committed. Moreover, the prisoner is to be furnished 
_ with a copy of the indictment five days, and a copy of the panel of 
_ jurors two days, before the trial, He is to have the same compulsory 
process to enforce the attendance of his witnesses as was at the time of 


the statute exclusively applicable to the prosecutor’s witnesses ; and he 
is to have full defence by counsel selected by himself and expressly 
assigned to him by the court. The stat. 7 Anne, c. 21, materially 
extended these privileges by directing that all persons indicted for high 
treason, or misprision thereof, shall have not only a copy of the indict- 
ment, but also a listof all the witnesses to be produced, and of the 
jurors impanelled, with their professions and places of abode re- 
spectively, delivered to him ten days before the trial, and im the 
presence of two witnesses, the better to prepare him to make his 
challenges and defence. 

It may perhaps be doubted whether these indulgences are founded 
upon any true principles of criminal jurisprudence. If justice requires 
them, they should be generally applied to all crimes; and at all events 
there seems to be no sufficient reason for giving a different measure 
of advantage to persons accused of high treason from that afforded to 
persons accused of many other offences. So obvious indeed was the 
inconsistency of giving greater privileges and advantages to a person 
charged with an attempt to kill the king than were permitted in the 
case of a similar attempt upon the life of a private person, that upon 
occasion of an attack upon George IIL.,in the year 1800, an act of 
parliament was to remove it. The statute 39 & 40 Geo. IIL, « 
93, enacts that in all cases of high treason, in compassing or imagining 
the death of the king, and misprision of such treason, where the overt 
act alleged shall be the assassination or killing of the king, or any 
direct attempt against his life, or against his person, whereby his life 
may be endangered, or his person suffer bodily harm, the offender may 
be indicted, arraigned, tried, and attainted, in the same manner, aud 
according to the same course and order of trial in every respect, and 
upon the like evidence, as if such person stood charged with murder ; 
and none of the provisions contained in the above-mentioned acts of 
7 Will. ILL, ¢. 3, and 7 Anne, c. 21, shall extend to any indictment for 
this species of treason. A clause in a subsequent statute (6 Geo. IV., 
ce. 50,8. 21) provides that the list of the jury shall in all indictments 
for treason, or misprision of treason, in other courts than the King’s 
Bench, be delivered at the same time with the copy of the indictment, 
and ten days before the arraignment ; and in the court of King’s Bench 
it may be delivered after the arraignment, but ten days before the 
trial. This statute does not extend to the case of attempts upon the _ 
life of the king mentioned in the stat. 39 & 40 Geo. IIL, 0. 93. By 
the stat. 5 & 6 Vict., c. 51, the provisions of the stat. 39 & 40 Geo. IIL, 
c. 93, are extended to “all cases of high treason in compassing or 
imagining the death or destruction of the queen, or in compassing or 
imagining any bodily harm tending to the death or destruction, maim- 
ing, or wounding of the queen, and of misprision of ‘such treason, 
when the overt act alleged shall be any attempt to injure in any 
manner whatsoever the person of the queen;” and such cases are 
expressly excepted from the operation of the above-mentioned statutes 
of 7 Will. IIL, c. 3; 7 Anne, c. 21; and 6 Geo. IV., c. 50, s. 21. 

The judgment in high treason is that the offender shall be drawn on 
a hurdle to the place of execution, and there be hanged by the neck 
until he is dead; that afterwards his head shall be severed from his 
body ; and his body, being divided into four quarters, shall be at the 
disposal of the crown. This punishment was substituted by the 
statute 54 Geo. III., ¢, 146 for the ancient and barbarous sentence 
which required that the person convicted should be hanged, but taken 
down alive, and then that his bowels should be taken out and burnt 
before his face. By the 2nd section of stat. 54 Geo, IIL, c. 146, 
authority is given to the crown by warrant under the sign manual, 
countersigned by a secretary of state, to alter this sentence, and to 
direct that, instead of the ignominious part of it, the party shall be 
beheaded whilst alive. 

TREASURE-TROVE, in legal Latin called theswwrus inventus, is a 
branch of the revenue of the crown by the law of England. Where 
coin, plate, or precious metals are found hidden in the earth or any_ 
private place, and the owner or person who deposited them is un- 
known, the property becomes vested in the king by virtue of his 
prerogative. But if the owner is known, or is ascertained after the 
treasure is found, the property belongs to him, and not to the king, 
The civil law gave treasure found in general to the finder; but if 
found accidentally in another man’s land, half was given to the finder, 
and half to the owner of the land, And so if it was found in the land 
of the emperor, it was to be equally divided between him and the 
finder. (‘ Inst.,’ lib. ii, tit. i., § 89; ‘Cod.,’ lib, x, tit. 15.) Grotius 
says that the title of the prince to treasure-trove had in modern times 
been so generally established in Europe as to have become “jus com- 
mune et quasi gentium ” (‘ De Jure Belli et Pacis,’ lib. ii., c. viii., § 7). 
The law of England adopts the definition of treasure-trove from the 
civilians as “ vetus depositio pecunie cujus dominus ignoratur’ (Pau- 
lus, lib. xxxi., §1); and to entitle the crown to the property, it must 
appear to have been hidden or deposited hy some one who at the time 
had the intention of reclaiming it. Whenever, therefore, the intention 
to abandon appears from the circumstances—as for instance, where the 
property has been found in the sea, or — pond or river, or even 
openly placed upon the surface of the earth—it belongs to the finder. 
In England, the concealment of treasure-trove from the king was 
fortnerty a capital offence; at the present day it is a misdemeanor 
only, Ancient coins or other valuable articles found, are now declared 
to be so far the property of the finders that they may have the value 
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to them. This has been directed by an order in council in order 
prevent the destruction of such objects for the mere value of the 
material. 


paid on 
done on the authority of a 
countersign of the Treasury is requisite, The Board of 
Treasury consists of the prime minister and the chancellor of the 
Exchequer. The real office which the premier holds is generally that 
of first lord of the Treasury. There are also four junior lords, who 
have usually seats i — sepge va as have also the two joint secretaries 
of the Treasury. e departments immediately subordinate to the 
Treasury are the boards of Customs and of Trade, and the Post-Office, 
the various officers in which are to a great extent appointed by the 
of the Treasury; and this constitutes an important part of 


and the assistant-secretary 2000/. a-year ; 
; four commissioners of the Treasury receive 
; and other officers receive sums varying from 


is now employed by most of the nations of E 
the Spani the Germans, the Dutch, &c., as wi aha loops cr 
and the French—to designate the conventions or agreements whi 
governments make with one another. By the Romans a treaty was 
commonly called foedus, a word of unknown or uncertain etymology. 
From foedus we have formed our federation, confederacy, &c. 

a treaty is commonly defined to be an agreement made 
with one another by two or more governments, it is not necessary that 
the party to a treaty should always be an absolutely sovereign and 
pe Ean: de power or political society. Communities, or even indi- 
viduals, which are subjects in many or in all other respects, may be 
empowered to enter into treaties. Such engagements, however, are for 
the most part only to be depended upon so long as they are for the 
advantage of the one party as well as of the other. Hence the best 
and most durable treaty is always that which is the fairest and the 
most equal. But the main purpose and utility of a treaty, after all, is 
not that it may secure certain advantages to either party, but that it 
makes clear and fixes those relations between the two which would 
otherwise remain obscure, indeterminate, and subject to continual mis- 
conception or controversy. 

We proceed to give a Chronological Table of the more important 
treaties between the principal civilised nations, beginning with that of 
He —— formal treaty of England, and stating briefly the chief 

jects of each. 

1217, Sept. 11. Treaty at Kingston between Louis of France and 
the in the name of Henry IIL, by which Louis abandoned his 
attempt on the English crown. 

1274. Treaty between Edward I, and Guy Earl of Flanders. This 
is the first recorded commercial treaty of England. There had been a 
petty quarrel with the Flemings, chiefly between the fishermen of the 
two countries; and England had prohibited the exportation of wool, 
to the great detriment of the manufactures of the Flemings, These 
differences were accommodated by this treaty; but fresh ones broke 
out penny, as treaties of commerce with Flanders are frequent 
after peri 

1308. Coramercial treaty with Portugal, and in the same another 
with Spain. Ferdinand of Castile wishing for a “mu corre- 
spondence” between his re ee England, and Dionysius of Por- 
tugal desiring to “strengthen the agreement and correspondence 
already on foot between the merchants of both nations,” 

1828. Treaty of Northampton with Robert Bruce, by which the 

lence of Scotland was i 

1356. The Golden Bull, a convention of the German sovereign 

princes, settled at Niirnberg, by which the mode of electing the Em- 


peror was 

1360, May 8. Peace of Bretigny, near Chartres, between England and 
France, whereby a ori retained Gascony and Guienne, acquired 
Saintonge, Agenois, Perigord, Limosin, Bigorre, fe cn Ro- 
vergne, and renounced her pretensions to Maine, Anjou, Touraine, and 
Normandy ; to receive 3,000,000 crowns, and to 
release n long prisoner in London. 

1381, Aug. 8. Treaty of Turin, between Venice and Genoa, 

1390. Treaty between the Sultan Bajazet and the Greek Emperor, 
John Paleologus. 

1420, May 21, Treaty of Troyes, between England, France, and 


by the Italians, | 


, stipulating that Henry V. should marry Catherine, 
of bk pase es Regent of ny ae uae 
Charles should it the crown. j 
1423, April 17. at Amiens between aud ‘7 


1438. The on settled in France, regulating the 
election of bishops, and the of the 
1453. The first alliance entered into the and Swiss, 


“ For the — good,” formed between 


above e. 
1468. ty of Peronne, between Charles Duke of Burgundy and 
Louis XI, who was forced to confirm the stipulations of Arras and 
1475. The Peace of Picquini, concluded between Edward IV. of 
seine el ee 
1475. les the , 0 a 
French king, but i prea, leagued inet Thi 


Wop 1" of ng nee Da Bay uis XI, on the 


for the division of the kingdom of Naples. 
1508, December 10. The League of Cambray against the republic 
Venice, comprising the Pope, the Emperor, and the kings of France and 


PrS10. Holy against Louis XIL. of France. 
1514. France obliged to sue for which was obtained from the 


Pope, by promising to abolish the Sanction ; from the King 
of Spain, by uniting his grandson, e Duke of Ferrara, to Renée, 
Es wy the King of ce; and from England, by Louis XIL 
espousing Mary, sister of Henry VIII. ; 
1516, ra aw 16. The Treaty of am 

1525. A ty concluded between ce and ey oh 
1526. Concord of Madrid. Francis I., to release from 
tivity, signed a treaty with Charles V., ing Burgundy, 
Flanders, &c., and renoun 


of Niirnberg ratified. 
ice, between Francis I. and Charles V. 


y’ 
1549. Peace ratified between France and England. Boulogne restored 
to France. ~ 
1551, October 5. Treaty of Friedwald, between France and the 
+ pri German 


princes y: 
1552, January 15. Treaty of Chambord, confirming the league 
between France and the Protestant princes of Germany. 
1552, August 12, Treaty of Passau, ratified between Charles V. 
and the Protestant princes of Germany. Freedom of religion estab- 


lished, : 
1555. Peace of Religion concluded at Augsburg,—a confirmation of 
the Treaty of Passau, establishing the free ex of the Protestant 


religion. 

1556. England entered into an alliance with §; against France. 

1559. Peace of Cateau Cambresis, between ey Spain and Pied- 
mont. France ceded Savoy, Corsica, and nearly 200 forts in Italy and 
the Low Countries. 

1560. Peace ratified between England, France, and Scotland. 

1561, Treaty of Wilna, between the Northern Powers. 

1564, April 29. Peace ratified between France and England. 

1570. Peace of St. Germain. 

ar. December 13, Peace of Stettin, between Sweden and Den- 
mark, , 

1571, Spain, Venice, and the Pope combine against the Turks, who 
were endeavouring to subdue Cyprus. 

land and France. 


1572, Peace concluded between 
1576. November 8, Pacification of Ghent, by which foreign troops 


were expelled from the Netherlands and the Inquisition abolished. 
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of Holland was constituted. Overyssel joined in 1580, and Groningen 
in 1594. 

1598, May 2. Peace ratified at Vervins between France and Spain. 
Spain restores her conquests of Calais, Amiens, &c. 

1603. A Treaty between James I. of England and Henry IV. of 
France, in order to support the States-General of Holland. 

1604, August 18. Peace between England and Spain ratified. 
Daag April 4. A Truce of twelve years between the Spaniards and 


1610. Treaty of Halle, between the Protestant princes of the empire. 
1610. League of Wiirzburg, between the Roman Catholic princes 
of the empire. 
1613. Peace of Siéréd, concluding a war of two years between 
1619, Pes rove France and Spain. Marriage of Louis XIII. 
. Peace een 0! 
with Anne of Austria, infanta of en 
1620, July 3. Peace of Ulm, by which Frederic V. lost Bohemia. 
1626. League ae Swedes, Dutch, and the Protestant princes of 


Germany, Emperor. 
1629, 14. Peace ratified with France. 
1629, May 22. Peace of Lubeck, between the Emperor and King of 
1630. of France with the Protestant princes of Germany, 


Gustavus Adolphus of Sweden, and Holland, against the house of 


Austria, in and §; 
1630. England acceded to the above alliance, with a view of 
procuring the restoration of the Elector Palatine. 


1630, October 13. Peace of Ratisbon, between France and the 
Emperor, terminating the war for the Mantuan succession. 
1630, November 27. Peace proclaimed between England and Spain. 
1631, January 13. Subsidising alliance of France with Sweden. 
1631, April. Alliance of Leipzig, between the Elector of Saxony 
and the Protestant pri 


princes. 

1631. Treaty of Chierasco, by which the Duke of Nevers finally 
takes ion of his Mantuan territories. __ 

1633, March. Treaty of Heilbron, between Sweden and the Northern 
Protestant states of Germany, after the death of Gustavus Adolphus. 

1635, February 28. Alliance between France and Holland. 

1635, May 30. Peace of Prague, between the Emperor and the 
Elector of Saxony. 
1648, January 30. Peace of Miinster, between Spain and the Dutch. 

ot Holland fully recognised. 

1648, October 24. The Peace of Westphalia signed at Miinster and 
Osnaburg, between ae Se Emperor, and Sweden ; Spain con- 


tinuing the war against By this peace the principle of a 
balance of in Europe was ised, and the independence 
of the republics of Switzerland and the United Provinces of the 


rch 23, Treaty of Alliance between England and France 
1657, May 27. Alliance of Vienna, between Poland, Denmark, and 
Em: inst Sweden. 


peror, 
1659, May 21. Treaty of the Hague, between England, France, and 
Holland, to maintain the equilibrium of the North. 
awe Ag 7. Peace concluded between France and Spain, by 
1660, st 8. The Peace of Oliva ratified between Sweden, Poland, 
Prussia, the Em . Esthonia and Livonia given up to Sweden. 
aoe May 27. Peace of Copenhagen, between Sweden and Den- 


mark. 
1661, June 23. Treaty of Alliance between and Portugal. M 
France entered into a defensive alliance with Holland and 


1664, | jee 7. The Truce of Temeswar concluded between 
Germany. 
1666, J 26. The Danes entered into a league with the Dutch 
1667, July 25. Peace of Breda concluded between England, France, 
Holland, a Denmark. nie 


-_ January 28. A Treaty of Alliance ratified between the Stater- 

Methariontas Dreier steer Soa See lomes th baler ds 
; Swi afterwards joinin, e: 

the Triple Alliance. ; .! 

1668, February 13. Peace of Lisbon concluded between rho and 

bw mediation of England. Independence of Portugal 

1668, May 2. Peace of Aix-la-Chapelle, between France and Spain, 

France yields Franche Comté, but retains her conquests in 

Netherlands. 


L 


it was known as 
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1576. The ins in France. 1669, May 7. Treaty of the Hague, between Holland and Portugal : 
1579, January 22. e-Union of Utrecht, formed by Holland, | the Dutch allowed to retain their conquests in India. 5 
Utrecht, Zealand, Friesland, and Guelderland, by which the republic 1672. Treaty between France and England (February 12), and 


Sweden (April 14), against Holland. 

1672, August 30. An Alliance entered into between the Emperor, 
Spain, and Holland, against France. 

1673, June 16. Peace of Vossem, between the Elector of Branden- 
burg and France ; the former engaging not to assist the Dutch. 

1674, February 19, Peace of Westminster, between England and 
Holland. 

1678, January 10. Treaty concluded between England and Holland, 
by which Holland detached Charles IJ. from the interests of France. 

1678, August 10. Peace of Nimeguen concluded between France and 
Holland. Spain accedes to the peace September 17, giving up 
Franche Comté, &c.; the Emperor on February 5 following; and 
Sweden on March 29. 

1679, June 29. Peace of St. Germain en Laye concluded between 
France, Sweden, and the Elector of Brandenburg. j 

1679, Sycserac 2. Peace of Fontainebleau, between France and 


1683, March 31. Alliance of Warsaw, between Austria and Poland, 
against Turkey, in pursuance of which John Sobieski assisted in 
raising the siege of Vienna, on Sept. 12. 

1684, A 15. Truce of Ratisbon concluded by France with 
Spain and the empire, terminating the war of the previous year. 

1686. League of Augsburg entered into by Holland and other 
European powers for the purpose of causing the treaties of Miinster 
and Nimeguen to be fulfilled on the part of France. 

1689, May 12, The Grand Alliance signed at Vienna between 

, the ‘Emperor, and the States-General; to which Spain and 
the Duke of Savoy afterwards acceded. 

1696, August 29. The Duke of Savoy quitted the coalition, and 
entered into a treaty with France, : 

1697, ber 20. Peace of Ryswick, between France, England, 
Spain, and Holland ; signed by Germany October 30. 

1698, October 11. First Treaty of Partition signed between Irance, 
England, and Holland, for the purpose of regulating the. succession of 
the territories of the King of Spain. 

1699, January 26, Peace of Carlowitz, between Turkey and Ger- 
many, Poland, Russia, and Venice. 

1700, March 13. Second Treaty of Partition between France, 
England, and Holland, declaring the Archduke Charles. presumptive 
heir of the Spanish monarchy, 

1701, September 7. England and Holland conclude a formal alliance 
at the Hague, to resist the claim of Philip of Anjou, to which almost 
all the European states successively accede. 

1703. The Methuen Treaty, between England and Portugal, prin- 
cipally for the regulation of commerce. 

1706, September 24. Peace of Alt Radstadt, between Charles XII. 
of Sweden and Augustus of Poland. 

1711, July 2. Peace of Falcezi concluded between Russiaand Turkey, 
the Russians giving up Azof and all their possessions on the Black Sea 
to the Turks; in the following year the war was renewed, and ter- 
minated by the Peace of Constantinople, April 16, 1712. 

1713, April 11. Peace of Utrecht, signed by the ministers of Great 
Britain and France, as well as of all the other allies, except the 
ministers of the empire. The most important stipulations of this 
treaty were the security of the Protestant succession in England, the 
disuniting the French and Spanish crowns, the destruction of Dunkirk, 
the enlargement of the British colonies and plantations in America, 
and a full satisfaction for the claims of the allies. Spain also granted 
to Great Britain the privilege of supplying Spanish America with 
negro slaves. This is the Assiento treaty. 

1713, April 17. The Emperor Charles VI. published the Pragmatic 
Sanction, whereby, in default of male issue, his daughters should 
succeed in preference to the sons of his brother Joseph I. 

1713, July 13, The Treaty of Utrecht signed by Spain, which 
included the Assiento contract, 

1714, March 6. Peace of Radstadt, between France and the Emperor 
of Germany. 

1714, September 7. Peace of Baden, between France and the 
Emperor of Germany. Landau ceded to France. 

1715, November 15. The Barrier Treaty signed at Antwerp, by the 
British, the Imperial, and Dutch ministers. Low countries ceded to 
the Emperor 'y: 

1717, January 4. The Triple Alliance of the Hague, between France, 
England, and Holland, to oppose the designs of Cardinal Alberoni, the 
Spanish minister, 

1718, July 21. Peace of Passarowitz, between the Emperor, Venice, 
and Turkey. 

1718, August 2. The Treaty of Alliance between Great Britain, 
France, and the Emperor, signed at London. ‘This alliance, on the 
accession of the states of Holland, obtained the name of the Quadruple 
Alliance, and was entered into to force the King of Spain to observe 
the stipulations of the treaty of Utrecht. 

1718, November 18. The Duke of Savoy joined the Quadruple 
Alliance, signing the meaty by his envoys at Whitehall. 

1719, November 20. Peace of Stockholm, between the King of 
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Great Britain and the Queen of Sweden, by which the former acquired 
the duchies of eed Vordon a Bhetonand Duke of Beweratek. | 


aiae,, Jonnary 28. The King of Spain accepts and signs the Quad- 
ru 
ee anes August 30, Peace of heey 


and Russia, whereby Livonia and were ceded to Russia. 
1724, March 24. of Stockholm, between Russia and Sweden, 
in favour of the Duke of ‘olstein Gottorp. 


1725, April 30. The Vienna Treaty iy, sigoed between the Emperor of 
Germany and the King of Spain, by w they confirmed to each 
hemor prs ~ the Spanish dominions as they were respectively 


1725, a The Hanover Treaty concluded between the 
of England, France, and Prussia, as an act of self-defence against 


the provisions of the Vienna Treaty. 

“4 ag 6. Treaty of Alliance between Russia and the Emperor 
hae May 31. Pre articles for — pacification, signed 

at Paris by the ministers of Great Britain, the Emperor of Germany, 

the King of France, and the States-General. 


1727, October 21. Treaty of Nipchoo (Nerchinsk), between Russia 


and China, by which the boundaries of the two em ires were settled, 
and a ential resident at Pekin allowed. Not ed until June 14, 
1728, in consequence of the death of Catherine. 


‘1729, November 9, The Peace of Seville, between Great Britain, 
France, and : and a defensive alliance entered into: to this 
treaty the states of Holland afterwards acceded, November 21. 

1731, March 16; The Treaty of Alliance of V ienna, between the 
Emperor of Germany, Great Britain, and Holland, by which the 


ae Sanction was guaranteed, and the as to = 
panish succession terminated; § aceeded to the on 
of July. pain treaty 


1732, October 7. Peace between Sweden and Poland. 

1735, October 3. Preliminaries of peace signed at Vienna, between 
France and the Emperor of Germany. Spain acceded April 15, 1736. 

1738, November 18. The Definitive Peace of Vienna, between the 
Emperor of Germany and the King of France, the latter power agreeing 
to guarantee the eter Sanction. Lorraine ceded to France, who 

pp eo ghia pres ace pag ht Poland, abandoning the claim 
of Stanislaus, who resigned. 

1739, September 18, Peace of Belgrade, between the Emperor of 
Germany and the Turks, the Emperor giving up Belgrade and Servia ; 
this was speedily followed by a peace between Russia and Turkey, 
Russia surrendering Azof and all her conquests on the Black Sea. 

a August, A Subsidy Treaty concluded between Great Britain 
and Hesse. 

1741. Alliance between Great Britain, Russia, and Poland, with the 
Queen of Hun (the Empress Maria Theresa), for the oe ogy 
su i tho Seaeeacte .i e house of Austria; France, 4 

eon o 


a uniting about the. same time in the interest of the 
1742, June 28. ee ae eT ee 
1742, Soteue 18. A are ay or ‘mae ia and guarantee 


at Whitehall, between Great Britain and Prussia. 
17438, June 24, A defensive Treaty concluded between Great Britain 
and Russia 


for years. 
1743, August 7. Peace of Abo, between Russia and Sweden. 
1745, April 23. Peace of Fueseen, between the Queen of Hungary 
and Elector of Bavaria, 


ive powers. By this peace 
imeguen in 1678 nf 1670, of of Ryswick in 1697, of Utrooht 
in Ta of Baden in 1714, of the Triple Alliance in 1717, of the Quad- 
ruple Alliance in 1718, and of Vienna in 1738, were renewed and con- 
firmed; the Hanoverian succession in Great Britain recognised; the 
Pretender to be expelled from ee dee ee 


1750, October 5. Treaty between England and Spain, b 
renounced the Assiento Contract for the supply hikes slaves, 

uded in the peace of Utrecht, in 1713. 

1756, ee ety 16. Treaty of Alliance between Prussia and England. 
Fe ee ane Sonne ct tho King of Prom. 

varmie y 1 between Austria and France concluded at 


vane 5 September 10. Convention of Closterseven. 

1761, A 15. The Family nor ayt ing between the different 
branches of the House of Bourbon, ‘ enuit eh 
—. May 5. Peace of Petersburg, botmeen i Russia and Prussia. 


uests to Prussia, 
1762, May 22. eared nebo between Sweden and Prussia, 
1762, November 3. Preliminaries of peace signed at Fontainebleau, 
between France and England. 


‘paras 


in Finland, between Sweden and Saxon 


1763, February 10. P. of Paris concluded between France, 
Great’ Britain, Conlon of Canad by Woaness a of 


1763, chee Peace of Hubertsberg, between Prussia, Austria, 
F End of the Seven Years’ War. 


mr ePaper. rnd 17. 


1, 72, August 8. <<, Sez fence inte AG 
Austria, Russia, and 

1774, July 21. Pesce of Kutchuk Kainarji, botwoon 

Turkey. Crimea declared diclared independent, Avot ‘coded’ to Reels sad 
freedom of commerce and navigation of the Black Sea granted, 
Ps Ro cae The American Provinces sign Articles of Union and 


ice. 

1778, February ratified with the States of America, 
by France, who cuowlged th ges Ae pera 
ler d 13. Peace of Teschen between Austria, Saxony, 
1780, July 9 and August 1. First Conventions for the Armed 
Neutrality, between Russia, Denmark, and Sweden. December 24, 
the States-General acceded. 
1781, May 8. 


= oer ane oo 
1781, October 9, Emperor of Germany joins the Armed 


178, November 30. The Independence of ep A 
England 


preliminaries of peace signed at Paris 

British and American Commissioners, 

1783, Jan — Ser 
between Great a 

1783, ber 2. mination cf peoce between Gredh Beltain 
and H ‘ at Paris. 

1783, Se ber 3. Definitive Treaty of Peace between Great 
Britain’ an es Unie Salers hei ee Rsieggs - 
latter was admitted to be a sov and On 


the Bame day, the cs ege treaty was signed at Venuilles be between 
Great Britain, France, and Spain. 

1784, June 20, Definitive Treaty of Peace between Great Britain — 
and Holland, signed at at Paris. 

1785, July 23. Germanic Confederaticn between Saxony, Branden- 
b and Hanover, 
2 1785, November 8. The Treaty of Fontainebleau, between the 
- 


ni aang tay ONE 
90, e 
seletiee 46 Nootka Sound; and the definitive treaty signed 


28th follo 
1791, Jul at Convention of Pilnitz, between the Emperor 
Leopold and th ns of Prussia. wa! ee 
1792, June 26. ie Noss Cceliion sae Timer place, 
the King of Prussia issued his manifesto. 
Mh." February 9. The Duke of Tuscany acknowledged the French 
public, 
1798, May 25. Spain engaged to assist Great Britain, 


1793, Great Britain concluded treaties, July 14, with Prussia; 
August 30, with Austria; and September 26, with Po 

1795, February 15. The first Pacification between the National 
breed ED France and the Vendeans, concluded. 

ebruary 18. A defensive Alliance entered into with Russia, 

by Great Britain. 

1795, April 5, Peace of Basel, between the King of Prussia and the 
French’ Republic, 

1795, May 16, Treaty of Alliance signed at eg Berroa between France 
at United Provinces, against England, Dutch Flanders ceded to 


1795, Lig hd Peace ratified at Basel between France and Spain. 
Spanish St. Domingo ceded to France. 

1795, November 25. The Partition of Poland took place between 
Russia, Austria, and Prussia, 

1796, May 15. Treaty of Paris, between the French Republic and 
the King Sardinia, the latter ceding poet Mom Nice, the territory of 
Tende, and Beuil, and granting a free passage for troops through his 
states, 

1796, August 5. ee ante wacas at enger Oe cacan eth 
France, whereby the neutrality of the north of was 

1796, August 19. Alliance offensive 
St. Idefonso, between France and 


1797, February 19. Treaty of tino, between the Frencly 
Republic and the P ‘ 

1797, April 18, ies of the Peace of Leoben signed 
between Austria and France. 


1797, October 17. Treaty of Campo Formio, between France and 
Austria, the latter power yiel the Low Countries and the Ionian 


lsinnte Se France ; and and Modena, to the Cisalpine 
nT 97, December 9. Congress of Radstadt commenced its labours to 


treat concerning a general peace with the Germanic powers. 


and defensive Cocudea oe ; 


oy 
; 
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Pp. iL 
1800, June 20. A Treaty of Subsidies ratified at Vienna, between 
Austria and i ing that the war should be vigorously 
against France, and that neither of the contracting powers 
should enter into a 
1800, yy of Amity and Commerce ratified 


between France and the United States of America. Stipulated in the 


Peace of Li , between the French Republic 
and the Emperor of Germany, confirming the cessions made by the 

i eee eS the —— 
, Should form the boundary of France, at Cuniotes 


A Treaty signed at Madrid, between France and 
estates of Parma were yielded to France, who in 
to the Infanta Prince of Parma, with the title of 


March 28, A Treaty of Peace between France and the King of 
Naples, signed at Florence, by which France acquired the isles of 
Elba, Piombino, and Presides. 
1801, June 17. A Treaty concluded between Great Britain and 
Russia at Petersburg. “ 
1801, July 15. The Concordat between Bonaparte and Pius VIL, 


signed at Paris. 
1801, August 8. A Treaty of Peace concluded between Spain and 
1801, September 29, A Treaty of Peace signed at Madrid, between 
and 
1801, October 1. Preliminary articles of peace between France and 
signed at London by Lord Hawkesbury and M. Otto. 
1801, October 8. A Treaty of Peace ratified at Paris between the 
of Russia and the government, 
1802, March 25. Peace of Amiens, between Great Britain, France, 
, and Holland. 
1802, June 25. Definitive Treaty between France and the Ottoman 
Porte. 
1808, August 1. A Treaty ratified between Great Britain and 


1805, April. 8, The Treaty of Petersburg entered into for a Third 
Gualliees apcinat Pounce} Eavand and Bowls being the contracting 


1805, August 9. The Emperor of Austria acceded to the Treaty of 
1805, August 31, An Alliance offensive and defensive entered into 
Beekaskog, between Great Britain and Sweden. 
1805, September 8, 

1805, September 21, A Treaty of Neutrality 


and N: 
1805, December 26. Peace of Presburg, between France and 


; 


i 


to the Elector of Bavaria and 
the Duke of Baden, were 


declaring the British Islands in a state of blockade, 

and igen, tae whole world from any communication with them. 
1806, December 11, A Treaty of Peace and Alliance signed at Cosen, 

peekirte Napoleon and the Elector of Saxony, who then assumed the 
1806, December 31. A Treaty of Commerce entered into between 

Great Britain and the United States of North America, which the 

latter Power afterwards refused to ratify. 

Peace of Tilsit concluded between France and 


and the elevation of Napoleon’s three brothers, Joseph, Louis, and 
Jerome, to the thrones of Naples, Holland, and Westphalia; this treaty 
was ratified on the 19th. 

1807, October 31, A Treaty of Alliance entered into between France 
and Denmark. 

1807, November 10. A Treaty ratified at Paris between France and 
Holland, whereby Flushing was ceded to the French. 

1807, December 17. Milan Decree issued by Napoleon; England 
declared in a state of blockade. ‘ 
: 1808, February 8. Treaty of Peace between Great Britain and 

1808, March 30. A Treaty of Alliance and Subsidy entered into 
between England and Sicily, whereby the latter was to be soned 


-by 10,000 British troops, and to receive an annual subsidy of 300,0002. 


1808, May 5. Treaty of Bayonne, whereby Charles IV. ceded all his 
titles to Spain and its dependencies to Napoleon, expressly resigning 
to —— right of transmitting the crown to whomsoever he should 
think fitting. 

1508, June 25, A Spanish Proclamation of Peace with England, and 
Sweden, her ally, published at Oviedo. 

1808, August 30. The Convention of Cintra signed, the French 

ing to evacuate 

1808, November 5. The Convention of Berlin entered into, whereby 
Napoleon remitted to Prussia the sum due on the war-debt, and with- 
drew his from many of the fortresses in order to reinforce his 
armies in Spain. 7 

1809, January 5, Peace ratified between Great Britain and the Otto- 
man Porte, 

1809, January 14. A Treaty of Alliance ratified between England 
and the Spanish insurgents. : 

1809, April 9, The Fifth Coalition against France, by Great Britain 
and Austria. 

1809, July 25, Armistice between Sweden and Norway. 
> 1809, September 17. A Treaty of Peace signed between Russia and 

1809, October 14. Peace of Vienna, between France and Austria ; 
Austria ceding to France the Tyrol, Dalmatia, and other territories, 


which were shortly declared to be united to France under 
the title of the Illyrian ces, and ing to adhere to the 
prohibitory system towards England by France and Russia. 


1810, January 6. Peace of Paris, between France and Sweden, 
whereby Swedish Pomerania and the island of Rugen were given up 
to the Swedes, who agreed to adopt the French prohibitory system 
against Great Britain. 

1810, February 19. Treaties of Alliance and Commerce signed be- 
tween Great Britain and the Brazils. 

1810, April 19. The South American provinces of Caraccas, &c., 
form a f é government, under the title of the Federation of 
Venezuela. 

1812, March 14. Treaty of Alliance signed at Paris between France 


and Austria. 

1812, March 24. of Alliance, signed at St. Petersburg, be- 
tween Bernadotte, Prince Royal of Sweden, and the Emperor Alexander; 
the former agreeing to join in the campaign against France, in return 
for which Sweden was to receive Norway. 


1812, April 1. The Berlin Decree revoked as far as respected 
America. 


1812, May 28. Preliminaries of peace ratified at Bucharest between 
Russia and Turkey, it being stipulated that the Pruth should form the 
limits of those empires. 

1812, July 6, A Treaty of Peace between Great Britain and Sweden 
ratified at Orebo. 

1812, July 20. Treaty signed between the Emperor Alexander and 
the Regency of Cadiz, in the name of Ferdinand the Seventh of Spain. 

1812, August 1. Treaty of Peace and Union ratified at St. Peters- 
burg between Great Britain and Russia, renewing their ancient rela- 
tions of friendship and commerce. 

1813, January 25, Concordat at Fontainebleau, between Napoleon 
and Pius VII. 

1813, March 1. The Sixth Coalition entered into between Russia 


and Prussia against France, the treaty being ratified at Kalisch. 
1813, 8. The Treaty of Stockholm entered into between 
England and Sweden. 


1813, June 14. A ‘Treaty of Alliance concluded between Great 
Britain, Russia, and Prussia, 

1813, July 8. The Convention of Peterswalden, between Great Bri- 
tain and Russia. 

1813, July 10, A reciprocal Treaty of Alliance and Guarantee be- 
tween France and Denmark, ratified at Copenhagen. ; 

1813, September 9. A Triple Treaty of Alliance ratified at Toplita 
between Russia, Austria, and Prussia. f 

1813, October 3, A preliminary Treaty of Alliance signed at Toplita 
between Austria and Great Britain. 

1813, December 8. Treaty of Valencay, between Napoleon and 
Ferdinand the Seventh of Spain, whereby the latter was to be put in 
full possession of that kingdom, on agreeing to maintain its integrity. 
1814, January 14, Treaty of Kiel, between Great Britain, Sweden, 
and Denmark. Norway ceded to Sweden, 
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1814, February 5. The Cortes of 5 renounce the treaty ratified should quit the French territory on the 30th of November 

is Waloane. . = sid gen slay nabeed that the remaining sum due from France 
1814, February 5. Congress of Chatillon, between the four great | to the Allies was 265,000,000 francs, 


powers allied against France, at which Caulaincourt attended on the 
of France; the Co: broke up on the 19th of March, 
1814, March 1. Treaty of Chaumont, between Great Britain, Austria, 
4 . 


and Prussia. 

1814, April 11. The Treaty of Paris ratified on the part of Napoleon 
and the Allies, by which Na; renounced his sovereignty over 
France, &c., stipulating that the island of Elba should be his domain 
and residence for life, with a suitable ision for himself and Maria 
Louisa, who was to have vested in her the duchies of Parma and 
Placentia, the same to descend to her son. 

1814, April 23, A Convention signed at Paris between the Count 
d’Artois on the one part, and the Allied Powers on the other, stipu- 
lating that all hostilities should cease by land and sea; that the con- 
federated armies should evacuate the territory, leaving its 
boundaries the same as they were on the Ist of January, 1792. 

1814, May 30. Peace of Paris ratified between France and the Allied 
Powers, in a supplemental article of which Louis XVIII. stipulated 
that he would exert his endeavours with the continental powers to 
mars the abolition of the slave-trade, in conjunction with Great 

1814, July 20. A Treaty of Peace signed between France and Spain 
at Pari po Psat the “Aipulelicans of previous treaties which had 
existed on the Ist of January, 1792. 

1814, August 13. Convention between Great Britain and the Sove- 
reign Prince of the Low Countries respecting the Dutch colonies. 

1814, September 28. A Convention ratified at Vienna, whereby 
Saxony was placed under the control of Prussia. 

1814, December 24. Peace of Ghent, between Great Britain and the 
United States of America, 

1815, March 23, Treaty of Vienna, between Great Britain, Austria, 
Russia, and Prussia, co ing the principles of the treaty of Chau- 
mont, March 1, 1814, on w they acted; and uniting Belgium 
to the Netherlands under the sovereignty of the king of the Nether- 

1815, May-18. Peace ratified between Saxony and Prussia. 

-1815, May 20. A Convention signed at Zurich between the Swiss 
Diet and the plenipotentiaries of Great Britain, Austria, Russia, and 

1815, May 31. Treaty of Vienna, between the King of the Low 
Countries on the one part, and Great Britain, Russia, Austria, and 
Prussia on the other, agreeing to the ent of the Dutch terri- 
tories, and vesting the sovereignty in the House of Orange. 

1815, June 4. Treaty of Vienna. Denmark cedes Swedish Pomerania 


and Rugen to Prussia, in exchange for Lauenburg. 
1815, June 8, Federative Constitution of Germany signed at Vienna. 
1815, July 3. Convention of St. Cloud, between Davoust on 


the one part, and Wellington and Bliicher on the other, by which 
Paris was surrendered to the Allies, who entered it on the 6th. 

1815, August 2. A Convention signed at Paris between Great Bri- 
tain, Austria, Russia, and Prussia, styling Napoleon the ner of 
those powers, and confiding his safeguard particularly to the British 
government, 

1815, September 14. A Convention entered into at Vienna, whereby 
the duchies of Parma, &c., were secured to the Empress Maria Louisa, 
and on her demise to her son, by Napoleon. 

1815, Se ber 26. The Treaty denominated of the Holy Alliance, 
oe ‘aris by the Emperors of Austria and Russia, and the King 


1815, November 5. A Treaty ratified at Paris between Great Britain 
and Russia respecting the Ionian Islands, which were declared to form 
a united state under the sole protection of the former power. 

1815, November 20. Peace of Paris, between France on the one part, 
and Sard ap rosa mae Russia, at Se 3 us other, esta- 
blishing the boundaries of France, ulating for the garrisoning 
of several Od tho fortecntta ba ‘Framce ty toncigh wcege kee Maines 

1815, November 20. The Treaty of Paris executed between Great 
Britain, Russia, Austria, and Prussia, confirming the treaties of Chau- 
mont as well as those of Vienna. 

1816, March 13. A Treaty entered into between France and the 
Swiss Cantons, whereby 12,000 Swiss troops were admitted into the 
French service. . 

1817, June 10. Treaty of Paris, between Great Britain, France, Spain, 
— Prussia, in order to fulfil the articles of the Congress of 

1818, April 25. A Convention signed at Paris between France and 
the Powers, re! France from all debts referred to in the 
treaties from the 30th May, 1814, to the 20th November, 1815. 

1818, April 25. A Convention ratified at Paris between England 
and France, whereby the latter power undertook to liquidate all further 
demands on the part of British subjects. 

1818, May 4. A between Great Britain and the 

etherlands for abolishing the slave-trade. 

1818, October 9. A Convention entered into by the great powers of 
Europe, assembled at Aix-la-C , on the one part, and the Duke 
de Richelieu on the other, it was stipulated that the army of 


1819, August 1. of Carlsbad. 
1820, October 30, Congres of Troppau, 
1820, October 24. Treaty between Spain and America: Florida 


ceded to the United States, 

1821, May 6. The Congress of Laybach, which had been for some 
time attended by the sovereigns of Austria, Russia, and Prussia, finally 
broke up, having issued oo eee it to be their resolution — 
to occupy Naples with Austrian troops, proscribe popular insur- 
rection. 

1822, August 25. 


i, hadi Bera 
1824, February 4, A vention between Great Britain and Austria 
laid upon the table of the House of Commons, by which the former 
agreed ¢ scsee® SINRO,D00l. a’ Rial cout for her claims 
upon the latter Yay a amounting to 30,000,0007. 

1824, June 16. Commercial Treaty between Great Britain and Den- 


1825, February 2. Treaty of Commerce signed at Buenos Ayres 
between Great Britain and the United Province of Rio de la Plata. 


cern February 28, Convention between Great Britain and Russia ; 
tier of north-west coast of America settled. 

1825, April 17. France recognises the i of St. 
: ernie April 18, Treaty of Amity between Great Britain and 
umbia. 

1825, September 20, Commercial Treaty between Great Britain and 


owns. 
1825, October 18, Treaty between Great Britain and Brazil for — 
abolition of slave-trade. 
1826, January 26. Treaty of Navigation between Great Britain and 


France. 
Phe May 19. Treaty of Navigation between Great Britain and 
en. 


1826, September 4, Treaty of Akermann, between Russia and 
Turkey, respecting the Principalities of Moldavia and Wallachia. 

1826, November 13, Convention concluded between Great Britain and 
oe States, concerning indemnities to American subjects injured 

yy the war. 

1828, February 22. Peace of Turkmanchay, between Russia and 
Persia. Erivan and the country to the Araxes ceded to Russia. 

1828, June 26, Convention between Great Britain and Spain for 
satisfying claims of British merchants, 

1828; August 29. Treaty of Peace between Brazil and Buenos 
Ayres, at Rio Janeiro. 

1828, October 28. Peace between Naples and Tri 

1829, July 6. Treaty of London, between Russia, , and Great 
Britain, for the settlement of the affairs of Greece. N 

1829, September 14. Peace of Adrianople, between Russia and 
La Poe which Russia acquires the protectorate of Moldavia and 


1830, May 7. between Turkey and the United States. 
Ber ity — pass to and ie Black Sea, 

1830, November 2. e independence Belgium recognised 
England and France. y 

1831. The commercial union of the northern states of Germany, 
known as the Zollverein, commenced under the aus of Prussia, 

1831, November 15, <A Treaty signed between Great Britain and 
France, for a‘settlement of the points of dispute betweer Holland 
and Belgium, to which Holland acceded March 13, 1838. 

1833, July 8. Treaty at Constantinople between Turkey and a 
by which it was stipulated that the Dardanelles should be shut to 
foreign vessels of war. 

ioe Ae 22. Quadruple T between Great Britain, France 
Spain, Portugal, in support of the two queens, Isabella and 
the 


1835. Supplemen 
former of which the 


Holland are respectively abolished. 
1838, July 3. A ercial Treaty between Great Britain and 
Austria, signed at Vienna, 


1841, July 13, Convention at London, between the European 
Powers and Turkey, by which the closing of the Dardanelles against 
is general to them all while Turkey is at peace, 

; ee _ 56-9 y which fod 

were 0} e, Hong-Kong ceded, an 
Ladomnnioeelin 6 of 21,000,000 dollars pai 

1844, July 22. Soe, erga Great Britain and Hanover for the 

regulation of the Stade Duties, 
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Zollverein. 
; 29. A Convention signed in London between’ Great 
Britain and for the suppression of the Slave Trade. 

1845, June 25. Treaty of Commerce for ten years ratified between 
Great Britain and the Two Sicilies. 

1846, November 16. Austria, Russia, and Prussia revoke the treaty 
of 1815, constituting Cracow a free republic, and restore the territory 
to Austria. Soon after the ki of Poland is incorporated with 
Russia. Great Britain, France, Sweden, and Turkey unite in a protest 


against these proceedings. 
1849, August 6. Treaty of Milan, between Austria and Sardinia. 
1850, February 27. at Munich between Austria, Bavaria, 
Saxony, and Wiirtemberg, to form a Southern German Union against 


pretensions of Prussia. 

1850, April 19, Treaty at Washington between Great Britain and 
the Uni eer reeeenn Sea ea Seca ten abe of: Nice: 
ragua, to connect the Atlantic and Pacific Oceans. 

1850, July 2. Treaty of Peace between Prussia and Denmark, 
Prussia withdrawing from the support of the duchies of Holstein and 
Beatie Posies, Uovada: coil Sede, gaacnithesing the ionegeity 

reat Britain, ¥ ia, and Sweden, guaranteeing the integrity 
of the Danish territories. 

1852, April 6. Coalition at Darmstadt between Saxony, Bavaria, 
Wiirtemberg, Baden, Nassau, and the two Hesses, against the renewal 
of the Zollverein, Austria be admitted into the Union. 

1853, Fi 18. Treaty at Washington between Great Britain 
and the United States, for an international copyright. 

1853 February 19. Commercial Treaty si at Berlin between 
Austria and Prussia, for twelve years. 

i at Vienna by Great Britain, 
y maintenance of the integrity of 
Ottoman empire, and for the restoration of peace between her and 


1854, March 12. Alliance of Constanti , between Great Britain, 
France, and Turkey, against the hostilities of Russia. 

1854, Apel 20. of Berlin, between Austria and Prussia, for 
the defence of their respective territories, and of Germany ; 


and against Russia, should that power cross the 
1854, June 7. at Washington between the United States 
and Canada, by which the British-American coast- ies are thrown 


open to the United States fishermen, the navigation of the St. Law- 
rence and the Canadian lakes declared free, and the products of the 
two countries (except sugar and tobacco) reciprocally exempted from 
d 


1854, December 2. Treaty of Alliance signed at Vienna between 
Great Britain, France, and Austria. 

1855, January 10. Sardinia joins the Alliance of Great Britain and 
France against Russia, agreeing to send a contingent force to the 


1855, November 9. An international copyright treaty concluded 
ith Prussia. 


wil 
1856, February 1, anergy hag teal mary “lee im 
of Russia, and those of Great Britain, France, Austria, and Turkey, for 
oe ee ee aD e * 
» March 3. Treaty of Peace signed at Paris ween Great 
Britain and Persia. 
1857, March 14. 


1857, May 26. 
for 


1858, June 26. Treaty of Tien-tsin with China, by which inter- 
course with the interior of China was stipulated for, several additional 
ports were opened to British commerce, and a British ambassador 
ee ve aay t at Pekin. , 

1858, Convention signed at Paris, constituting Moldavia 
and Wallachia i principalities, under the suzerainty of 


Turkey. 
1868, August 26. Commercial Treaty between Great Britain and 
0. 


in the ‘ Moniteur.’ 

1860, 24, Treaty between France and Sardinia, signed at 
Turin, by which Savoy Nice are ceded to France. 

1860, July 1%, Peace of Villa Franca, between France and Austria, 
by which Lombardy is transferred to Sardinia, and a confederation of 
Italian States, under the tection of Austria, stipulated for. This 

was formally ratified at Zurich on Nov. 11. 

1 sclek Wim Chiba ened a hoe Lior. of hapten By 
new peace at Pekin; Chi ying an in 
ee er ee ee eee ere toe lonses of the Buitish nF = 

1861, May 1. Commercial Treaty between France and Belgium, 

. 1861, May 15. Commercial Treaty between Great Britain and 


, signed at Constantinople. 

There are several voluminous collections of treaties, of which one of 
the most lete is that of G. F. von Martens, who continued the 
works of Du Mont and Rousset, of which the first volume was published 

ARTS AND SCI. DIV. VOL. VIII. 


Japan, si 
‘ “1860, ebruary 11. Commercial Treaty between Great Britain and 


in 1790. A preliminary account of all preceding printed collections 
was published by him in 1802. Successive supplements, by different 
editors, have brought down the account of the various treaties to a very 
recent period. The collection of C. W. Koch, in 15 vols. 8vo, is a use- 
ful one, but does not come down xo late. 

TREES, LAWS RELATING TO. [Tuver.] 

TRENCH, in military works, is an excavation in the ground from 
twelve to eighteen feet wide, and three feet deep, and generally of con- 
siderable length, the earth being thrown up on one side in order to 
form a sort of parapet by which the soldiers in the trench may be 
covered from the view, or protected from the fire of the enemy. [Sap ; 


SIEGE. 


TET, COUNCIL OF (Concilium Tridentinum), was first 
convoked by a bull of Pope Paul III., dated May, 1542, but the 
war between the Emperor Charles V. and Francis I. of France, 
together with the negotiations then being carried on between the 
emperor and the German princes who had embraced the Protestant 
faith, prevented its installation until December 13, 1545: even then 
only four archbishops, twenty bishops, five heads of monastic orders, 
three papal , and an auditor, besides the imperial orators or 
envoys, were present; but other prelates afterwards gradually joined 
the assembly. After arranging some preliminary difficulties, the 
council to consider the two great objects for which it had 
been convoked—the definition of the dogmas of faith and the con- 
demnation of heresies, and the reform of the church in matters of 
discipline and jurisdiction. The German bishops, supported by the 
envoys of the emperor, urged that the labours of the council should 
begin with the business of reform, as it was the relaxation of discipline 
that had first occasioned the present schism in the church, and that 
the only chance of iming the seceders was to manifest an earnest 
will to reform abuses before proceeding to condemn them and their 
tenets; that ifthe council did not take’ in hand speedily the work of 
church reform, the lay powers would take it up themselves, to the 
manifest injury of the ecclesiastical authority. The bishop prince of 
Trent spoke at length on this side, as, being on the threshold of Ger- 
many, he was acquainted with the state of opinions in that country; 
and the majority of the prelates seemed to incline to his opinion. The 
papal legates, however, ge omg by the Italian prelates, were of 
ion that the council should begin with defining the dogmas, as 
was the highest task, and ought to be first attended to, because 
faith is the foundation of all moral virtues; that the outcry about 
reform was well known to be mainly directed inst the court of 
Rome and its jurisdiction, and was an indirect attack upon the autho- 
rity of the sovereign pontiff, towards whom it would be more reverent 
to leave him the initiative in correcting the abuses of his own court, 
while the council was attending to the graver questions of religion, 
otherwise dissensions would arise between the head and body of the 
church, only to the advantage and satisfaction of heretics. At last, in 
order to vonciliate all parties, it was resolved that the two departments 
of doctrine and discipline should be proceeded with simultaneously ; 
that for every sitting congregation engaged in discussions on dogma, 
there should be another concerning the reform of discipline ; and this 
resolution was at last agreed to by the pope. R 

The council, at the beginning of its regular session, undertook to 
define first of all what were the sources of authority in matters of 
faith. It declared that the Catholic doctrines are contained in the 
authentic books of the Old and New Testaments, and also in the 
traditions concerning faith and morals which are preserved in the 
Catholic Church. This was a condemnation of Luther’s assertion that 
all the doctrine of the Christian faith is contained in the Scriptures, 
and that unwritten tradition is not to be held as authority. 

The council next proceeded to define the dogmas of faith, such as 
those of original sin, predestination, grace, and free will, the definition 
of which may be seen in the catechism published by the name of 
*Catechismus ad Parochos,’ or ‘Catechism of the Council of Trent,’ 
which is translated into most languages. 

The council next propounded the doctrine of the church concerning 
the sacraments, which they stated to be seven in number, namely, 
baptism, confirmation, the eucharist, confession or penitence, extreme 
unction, ordination, and matrimony ; and afterwards they proceeded to 
treat of each of them seriatim, laying down the orthodox doctrine and 
anathematising the discordant tenets of the Lutherans, Zwinglians, and 
other heretics. At the same time the council proceeded with discussions 
on subjects of discipline and reform. The question of pluralities proved 
a most difficult one to settle. The Spanish bishops made a strong 
remonstrance against the abuses of pluralities and non-residence, and 
wished the Gouncil to pass at once severe decrees against both. The 
legates proposed that the pope should take into his own hands the task 
of reform, and they wrote to Rome accordingly, and the pope directed 
a bull to the council by which he referred the matter to himself. This 
bull met with great opposition, and was a source of misunderstanding 
between Rome and the council. At last, in March, 1547, the legates 
suddenly closed the session, which was reckoned the seventh since the 
opening of the council, and in virtue of the authority they held from 
the pope they transferred the council to Bologna, under the plea that a 
contagious disorder had broken out in the city of Trent. The majority 
of the prelates assented ; but there were eighteen bishops, chiefly of 
the dominions of the emperor, who refused to leave Trent, The others 
AA 
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followed the legates to Bologna, where, after opening the session, the 
council was adjourned sine die, Charles V. protested the 
cern a Bologna, which he did not acknowledge as a council, and 

i upon the council being restored to Trent. 

In 1549 Pope Paul III. died; and his successor Juliug IT, 
convoked the council at Trent, in May, 1651. Not 
attended. The council of Trent proceeded to define the ine of 
transubstantiation, the Lord’s Supper, and the mass, ard afterwards 
that of confession and the other sacraments, At the samé time decrees 
were made concerning points of disvipline, touching the episcopal 
jurisdiction, the appeals to Rome, and other such matters. In 1552 
the pope pro ed the council, and this prorogation was continued 
for ten years, during which period three popes died in succession,— 
Julius ILL, Marcellus IL, and Paul IV. At last Pius IV. being elected, 
began to think seriously of re-opening the general council, of which the 
church seemed to stand more in need than ever. 

In 1661 the Fathers gathered again at Trent, and on the 18th of 
January, 1562, the session was solemnly operied. One hundred and 
twelve, consisting of archbishops, bishops, and mitred abbots, were 
present, besides the cardinals. The orators of the various states were 
also t. After very lengthened discussions on variotis subjects, 
and some interruptions from political causes, the council,in Jtily, 1568, 
issued its cation on the subject of residence. Without entering into the 
question of divite right, it enjoined all bishops, archbishops; and cardi- 
nals having the charge of a ave of cathedral church, to reside personally 
in their respective cathedrals throughout the year, and more especially 
oe | the Lent, Advent, Christmas, Easter, and other solemn festivals, 
except in cases of urgent necessity, through motives of Christian 
charity, or “for the evident advantage of the church or common- 
wealth,” and then fot without the written approbation of the pope or 
of the metropolitan, The same decree was extended to incumbents of 


The coutieil isstied & canon coficerning the doctrine Of the institutiot 

of bishops. It stated that there is a hierarchy in the church, instituted 

~ by divine ordination, atid consisting of bishops and presbyters and other 

ministers’ ; that bishops are superior to presbyters, and have the power 

of ordaining and tonfirming, which is not given to the others ; that the 

only legitimate bishops are those ofdained by the pope or by other 
ecclesiastical and canonical authority. 

The cottheil next laid down the doctrine of the Catholic Church coti- 
cerning marriage, which it reckons as one of the sacraments. Amiong 
other articles on this subject, it condemns polygamy as contrary to 
divine law; it forbids persons in holy orders cig Lemp and 
it states marriage to be indissoluble, even after the adultery of one or 
both of the parties. - 

On the itnportant queéstion of clandestiné tharriages;—that is to say, 
Matriages contracted before wWitiiesses without the intervention of 
the priest,—the council decreed that in future no 

id be Considered valid which was not contracted before the parish 
ineimbent or before another clergynian duly deputedl by the incum- 
bent, or by the ordinary, and in presence of at least two witnesses 
besides, and that their names, as well as the names of the married 
parties, and the date of the celebration of the marriage, should be 
entered into a register to be kept by évery parish incumbent. The 
council explained also what were the cases of relationship and other 
canonical impediments to the contracting of marriages; and although 
it did not condemn altogether the practice of dispensations being 
— by the pope in particular instances, it recommended that such 

nsations should be granted rarely, gratuitously, and on proper and 
sufficient grounds, : ; 

Hitherto the sevtilar princes had insisted upon reforins of the church 
and clergy; noW the pope and court of Rome urged the coundil to 
make reforms affectin the princes and their courts, According to 
instructions received from Cardinal Borromeo, the pope's minister at 
Romie, the legates laid before the assembly several motions, chiefly in 
support of the ecclesiastical immunities. The following were among 
the spe heads :—That churchmen should not be summoned before 
the lay coufte. That the lay courts and magistrates should not inter- 
fere in cases of matritnony, heresy, tithes, patronage, patrimonial bene- 
fides, ecclesiastical fiefs, the temporal jurisdiction of churches, nor in 
any cause, civil, criminal, or mixed, hing to the ecclesiastical 
courts. That churchinen should not be liable to pay taxes, tentha, 
forage, of subsidies of any sort, either on the property of the church or 
on their own patrimonial property. That the property of the church, 
moveable and immoveable, of every sort, tithes and other rights, should 
bé held a8 sacred from the hands of the lay powers. That all letters 
citations, sehtences, and excommunications, from the ecclesiastical 
courts, or fro Rome, should be promulgated and executed without 
requiring. aty éxequatur or permission from the civil power. That 

ther emperor hor king, nor any other prince, should interfere with 
the said cotirts of with the tribunal of the Inquisition, but should, 
when feqitired, give them the assistance of the secular arin. 

The above dematids put forth by the legates raised a storm on the 
Frans jrovotel npesk tj otsh proesdlags, a the pope directed 

ce ings, and the pope ted 
his legates to withdraw ihe sheosicas motions, and to content them- 
selves With a general admonition to all Christian princes, which was 
adopted by the council, exhorting them to reapect and cause to be 


‘make a visitation of their dioceses once every year with a m 


respected the rights and immunities of the church, and the constitu- 
tions of the popes and councils in favour of ecclesiastical and 
ecclesiastical liberties. But the obnoxious principles started by the 
legates of Pius IV. were revived by his suecessor Pius V., pro- 
soap by him in the famous bull “ In Coena Domini.” 

The council now drew to its conclusion, A number of canons con- 
cerning doctrine as well as discipline were } other minor poihts 
were referred to the decision of the pope. The doctrine of purgatory 
and indulgences, and of the benefit derived to the departed souls from 
the prayers of the living, were confirmed. The invocation of the saints 
who intercede with God on behalf of men, and the veneration for their 
relics, were likewise adopted. The of Christ and the saints 
were to be retained and venerated in the churches for the sake of 
those whom they represent, at the same time that no meretrivious 
ornament or other sensual enticement was to be mixed with the 
devotional practices. Severe penalties were decreed chureh- 
meén having concubities, against simony, against pl of livings 
with cure of souls, and against duellists. Several ons were 
made for the proper examination and selection of to vacant 
sees, or to livings with cure of souls, The bishops were en to 


train 
and retitiue, and they, as well as the parish incumbent, to preach every 
Sunday and other cd ah festivals. No one was to be appointed fo a 
benefice with cure of sotils under twenty-five years of age. Criminal 
charges against a bishop to be judged by the Roman pontiff, Pro- 


vincial synods to meet once every three years, and synods 
every year. 

These and other cations being dl, in the begi , of December, 
1563, it was that the council should be closed, acts of the 


council were 


given, except the ambassador of Philip of 8 
king opposed the ee of the douiseil |, and 
who had left Trent in dudgeon. 

Pope Pius IV., in solemn consistory, on the 26th heb pant Bese 
confirmed the acts of the council by a bull coun’ ied by the car- 
dinals. All the Roman Catholie states ted the council, and pro- 
mulgated it in their states, with the exception of France, which per 
sisted in those assertions of jurisdictional independence of its church 
and king, which were afterwards embodied in a regular form by the 
assembled French clergy in 1682. 

Two distinguished Roman Catholic writers have written 
the history of the council of Trent, its proceedings and acts: one, 
famous Fra Paolo Sarpi, displays at times a feeling hostile to the court 
of Rome; the other, Cardinal Sforza Pallavicino, on the contrary, 
Writes in a tone of perfect submission to the Roman see. By com- 
paring the two works, readers are enabled to come to something like 
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TREPHINE is a kind of saw employed ih beg Ay the reinoval 
of pee pees bone. For this purpose it is used in various 
cases, such as di requiring perforation of the antrum, necrosis with 
loose enclosed sequestra, abscesses in bone or under bones, &c.; but 
be oe gt in injuries of the head and their various consequences, for 
which the removal of a portion of the skull is deemed necessary. 

The trephine is now commonly employed in this country instead of 
a somewhat similar instrument, the trepan, which was formerly used 
by all (surgeons, and is still frequently used on the Continent. The 
trepan is very like the tool called a wimble, which is used by eoopers 
for boring holes for large corks, and is worked in the same way, with 
a curved rotatiig lever under the handle; but instead of the share-like 
bie edge of the wimble, the trepan has a citcular saw, which, being 
ro with the lever, cuts its way through the bone, 

The trephine is a smaller and more simple, but, in other 
not more convenient instrument. Its handle is like that of a gimlet, 
but stronger. The shaft is terminated below by a sharp steel 7 
called the centre-pin, which may be fixed and removed at pleasure, 
which stands in the centre of the circle formed by the saw. The 
purpose of the centre-pin, which projects a little below the edge of the 
saw, is to fix thé trephine before wo of the saw; and it is 
kept in its place till the saw has cut A aye tte sufficiently ont to 
steady it in its further re After the centre-pin should be 
removed, for it hinders the m of the saw, and (in trephining the 
skull) would perforate the dura mater before the saw had cut through 
the bone. Around the handle of the trephine, at a short distance 
above the oa to which the centre-pin is fixed, there is attached a 
hollow steel cylinder, the lower of which is asaw. This is 
called the crown of the trephine, and, for various purposes is of diffe- 
rent sizes, 

In using the trephine, the sat is made to cut through the botie, not 
by a series of complete rotations, such as are made by the » but 
by rapid half-rotations alternately to the right and to the left, as in 
boring with an awl In trephining the skull various 
necessary, according to the form of the bone to be cut through, and 
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the nature of the parts immediately beneath it; but the most com- 
prehensive rule is to examine frequently what progress the saw makes, 
and, if it have cut through one part of the circle much sooner than the 
rest, to apply it somewhat obliquely, taking off the pressure of its edge 
from that part. The most dangerous part of the operation is when the 
bone is nearly cut thro ; for it is necessary to avoid wounding the 


dura mater, injuries of which are often followed by severe disease. To 
escape these, it is advisable when a part of the circle is cut through, 


aca are. Wan ornare ie the vat of iis antes, 
break through thi an eleyator or proper forceps, i r 
using either of iy se eee sharp points of bone are left pro- 
the margin of the circular aperture, these must be 


ie re ie, reine now newch weve. verely roneined Sve. '8 
former times; and not only because, since the time of Mr. Pott, 
have learned that it is beneficial in few injuries of the head 

rond those in which there are distinct signs of compression of the 
brain, but also because, in many of the cases in which it is necessary 
to remove portions of bone, the instrument called Hey’s saw is far more 
convenient. This consists of a handle and a shaft, much like those of 
a common fork, of which the latter has fixed to its end a transverse 
broad plate of steel, one end of which is a straight, the other a convex 
ith this, portions of bone of almost any form and size can be 


tre] Té is es in those cases of fracture of the 
skull in which of the broken bone are depressed, and for which 
the trephine to be appli 


chiefly for the purpose of introducing 
the elevator; for in these depressed portion itself may be cut off, 
jay the elevator may, ifnecessary, be introduced at the aperture which 
is thus 

TRESPASS is a wrong directly done to the person, to the goods and 
chattels, or to the lands and tenements of any man. , 

To the m it may be by menace, assault, battery, or maiming. 
[Assacit.] To either dead or live chattels, by taking them away or 
by injuring them. To land and tenements, by entering upon them and 
a bean ee eee woe oe pr gerbaseey 

usive possession of property is protected against the forcib! 

interference with it by those who are not entitled to it. By this 
action also he may recover damages for the injury done to his 


possessions, 
To constitute trespass, the act done must be wilful, not the result 
of negligence, and have something of force in it, so as to be, according 


= 


the instance given (1 Strange, 636): If 
ighway, and in that act it hits me, I may 
seeps ween 8 is an immediate wrong; but if, as it lies 
there, I tumble over it, and receive an injury, I must bring an action 
on the case.” But it is not necessary that it should be done with the 
design to cause the injury complained of, it may be done in mistake or 
us where one ing at a mark hits a bystander, he is 
guilty of trespass, A sheriff commits an act of trespass if he takes the 
or arrests the person of B, mistaking him for A. A man is 
= 4p es alana injury done by his cattle to the land of 
another, whether he knew of their doing it or not. In , all 
neg ety assist in the act done, or cause it to be done, or, if it is 
their use, assent to it afterwards, 
although not actually present at the doing of the act. Where an act 
is done by a servant while in the discharge of his business as servant, 
the master is liable for the act in trespass. But if it be wilful on the 
of the servant, and not in discharge of his master’s business, the 
is not liable, 
@ person has an authority or licence given him by law, and he 
advantage of that to commit an act of trespass, he is held to have 
r from the very commencement of the pi ings: as 
re a landlord la distrains a beast and afterwards works or 
or an officer of the customs entitled to search “ unpacks stuffs 
ts them in the dirt.” If, however, the licence or authority has 
from a private party, the trespass does not relate back, but 
to the mere act itself: as where parties enter a tavern, 
for wine, and afterwards commit a trespass—that will 
_their entry a trespass. In cases where a trust is reposed, 
will lie for an act which is at variance with the trust, as where 
will cuts down the timber. > 
circumstances may exist which afford a justification for an 
otherwise would amount to trespass. Thus a mat is not 
liable in trespass though his cattle have entered the field of another, 
if they have done so in consequence of the neglect of the party into 
whose lands they enter to repair the fences between the lands of the 
ough it is no justification that the cattle have entered 
, was open to the highway. Again, a man is justified 
in entering upon the lands of another to retake his goods which have 
awa; 
iS also justified | ilies dows, tor the safog aed vt him, 
e in own, for the of his own, 
bour’s house which is on fire. ‘ 
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are considered as principals,’ 


In the case of malicious injuries done to property by trespassers, a 
number of provisions have been enacted by 7 & 8 Geo, IV.,c. 30. In 
many cases a jurisdiction is given to magistrates to inflict punishment 
on the offenders, to award compensation to the parties injured, &e, 

TRET. [Tare] e 

TRIADS. [Wrens Lanquace AND LITERATURE. ] 

TRIAL, the means adopted for the purpose of ascertaining facts in 
issue, whether civil or criminal, The kinds of trial in civil cases were ~ 
formerly seven in number, according to Blackstone ; and those which 
he enumerates are, by record, by inspection or examination (divided 
into two distinct kinds by Comyns), by certificate, by witnesses, by 
wager of battle, by wager of law, and by jury. In reality the six first 
might more properly be called modes of proof rather than kinds of 
trial, which in truth divide themselves into two classes only; 1. That 
where the court itself decides upon the evidence without the inter- 
vention of a jury: 2. That where the jury decides. 

The first class contains the first six enumerated by Blackstone; that 
by record is where the existence of a certain record has been alleged in 
the pleadings of an action and is denied by the pleadings on the other 
side. The existence of it must be proved by the record itself. The 
court itself tries this issue, and decides accordingly as such a record is, 
or is not produced. [Recorp; Recorps.] 

Questions whether or not a party is a peer are thus proveable by the 
king’s patent ; whether an alien is friend or enemy, by production of 
the treaty between his country and Great Britain, &. 

By inspection was where it was supposed a matter might be clearly 
made manifest on view to the co’ In error by an infant, to reverse 
a fine, if issue was taken as to his nonage, he might be brought into 
court and there inspected for the purpose of ascertaining the fact. If 
on his appearance it remained doubtful, the court might question him, 
or examine those likely to be informed. So where a defendant pleaded 
in abatement that the plaintiff was dead, and some one appeared and 
said that he was the plaintiff, &c. The court had at all times the 
power, if they felt doubt, to order a trial by jury. This mode of pro- 
ceeding, has now become obsolete. 

By examination is upon inquiry by the court into, for instance, the 
customs and usages of a court. 

By certificates. By certificate is where a fact is proved by the pro- 
duction of a certificate from a certain official person qualified to grant 
such certificate. Thus formerly the absence of a person from England 
during war might be tried by the court, and proved by a certificate of 
the “ mareshal of the king’s host.” Inthe same manner the customs of 
the city of London are proved by the certificate of their recorder, A 
certificate of a bishop is proof respecting matters of ecclesiastical 
jurisdiction, &e, 

By witnesses, In action of dower where the tenant pleads that the 
husband is alive, the court may inquire of the fact by witnesses called 
before themselves. Lord Coke mentions several other cases where the 
court itself decides upon the examination of witnesses; and he further 
states that in all such cases each fact must be proved by two witnesses 
at least. Although in the case of a trial by jury one witness, according 
to the English law, is sufficient. 

By wager of battle. That is by single combat between the champions 
of the parties. [Aprrat.] This proceeding was abolished by 59 
Geo. ITT. ¢. 46. 

The proof by wager of law was employed in an action of debt upon 
simple contract, of detinue, account, and some others. It was effected 
by the defendant coming into court attended by eleven of his neigh- 
bours who were called compurgators. He then solemnly swore that he 
did not owe the sum with which he was sought to be charged, or 
detain the thing sought to be recovered, and the eleven compur- 

tors swore that they believed him. The wager of law had already 
fallen into disuse when it was wholly abolished by 3 & 4 Will, IV,, 
c, 42, : 

The mode of trial always the one most in use both in civil and 
criminal matters, was the trial by j (Jury. 

In criminal cases recourse was anciently had to the ordeal for the ~ 
purpose of ascertaining the guilt or innocence of a party [OrpEat], 
and also to the single combat. [Arprat.] It appears doubtful 
whether the ordeal fell into disuse, or was abolished by statute, 
Appeals in criminal cases were done away with by 59 Geo. IIL, c. 46. 

i peer of Great Britain indicted capitally is entitled to be tried b 
the peers of parliament assembled in the court of the Lord Hi 
Steward of Great Britain, who is a peer nominated to that office by the 
crown for the occasion. The proceedings of the trial are carried on in 
the same way as on a trial by jury, and {udgeent is pronounced 
according to the opinion of the majority, which must consist of at 
least twelve, Cases of impeachment by the Commons are also tried 
by the Lords, 

A trial at bar resembles the ordinary cases of trials by jury, 
except that instead of its being presided over by a single judge, 
all the judges of the court in which the action is brought are in 
attendance. It is granted on application to the court, but oy in 
cases of great difficulty and importance, In informations exhibited by 
the attorney-general, as law-officer of the crown, he is entitled to a 
trial at bar. , 

New Trial. After a trial has been already had, it is competent to 
the court in which the action is brought to grant a new trial on an 
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i made, and grounds shown for meegeses st justice has 
not been done between path ese res that ~nah x Sons 
importance to warrant such a er expense. are 
various, such as a misdirection by the judge, a verdict against evidence, 
excessive damages, &c. 

TRLANGLE, « feos \ Narsegy te d tly three 

TRIANGLE, a les, and consequen' 
sides : this consequence is usually made the definition; and the same 
thing occurs in Euclid, whose word is tptywvoy in the Elements, though 
it is rplxAevpor in the definitions prefixed. 

A triangle may be drawn upon any surface, und having any sort of 
lines for its sides: but it is not usual to consider any except plane 
triangles drawn on a plane with right-lined sides, sad aelaricel triangles 
drawn on a sphere with ares of great circles for the sides. The SPHe- 
RICAL triangle has been already considered; and the formule connected 
with the plane triangle have been given in Mensunation. There is 
much connected with this article in ANGLE, ParaLueL, Smear, 
TRANSLATION, TRANSVERSAL, TRIGONOMETRY, &c., 80 that we have no 
need to make this article of a length proportioned to the importance of 
its subject in geometry. In fact, triangles are as much the elements 
of all as the letters are of words, being the figures of the 
— possible number of sides, and into which all figures can be 

vided. 

The two most important properties of the triangle are, that the sum 
of its angles is aes ap two right angles, and that the area is half that 
of a rectangle of the same base and altitude. Both of these proposi- 
tions admit of such practical verification as would make them perfectly 
intelligible to those who do not understand geometry. Take the 
greatest angle BAc of a triangle cut out in paper, and fold the 
mombrghery may rest on BC at F, eee ADE folding over DFE. 

n it will be found that by further folding £cL can be brought over 


EFL,and BDK over FDK, so that the three angles of the triangle 
A 


2’ a2? L Cc 


KFD, DFE, and EFL are so placed that the first side of the first and 
the last side of the last, K F and FL, are in the same straight line, and 
the three make up the two right angles KFA, AFL. Again, the 
triangle B A cis either the sum or difference of the two right-angled 
triangles ¥ Ac, FAB, which are the halves of the rectangles F ac H, 


A G H 


FB Cc 


B Pr Cc 


¥ ABG, the sum or difference of which is the rectangle BG HC: whence 
the triangle is the half of the rectangle BG HC, of the same base and 
altitude as the triangle. 

The three lines which bisect the angles of a triangle meet in one 
point, which is the centre of the inscribed-circle; and the three per- 

iculars which bisect the three sides also meet in one point, which 
the centre of the circumscribed circle. Moreover, the three lines 
drawn from the vertices bisecting the sides‘ meet in one point, which 
is the centre of gravity of the triangle: as also do the three perpen- 
diculars drawn Foe the vertices to the sides, All these propositions, 
except the second, can be proved by the same process, namely, by 
showing that the segments of the sides satisfy the theorem given in 
TRANSVERSAL. 

The number of isolated theorems which might be given on this 
subject is very large, but there is little unconnected with the trigono- 
metrical formul# which is of use in a wT 

TRIANGULA and TRIANGULU AUSTRALE (constellations). 
The first (the Triangles) is a northern constellation, ied 
Perseus, Andromeda, Aries, and Musca. It is one of the old - 
lations, but there is only one le in Aratus, Hevelius added the 


second. The second, or Southern Triangle, is a constellation of Bayer, 
1 between Ara, Centaurus, and the South Pole. 
principal stars are as follow :-— 
TRIANGULA, 
No, in Catalogue 
No, in Catalogue of Britieh 
Character, of Flamsteed. Association, Magnitude. 
a 2 569 4 
A 4 656 4 


TrtancuLum AvsTRALE 


No. in Catalogue 
No, in Catalogue of British 
Character, of Lacaille. Magnitude, 
y 1267 5005 2 
B 1311 5283 3 
a 1381 5578 2 
” PRIANGULAR COMPASSES. [Comrasses.] 
TRIANGULAR NUMBERS. UMBERS, APPELLATIONS OF.] 


TRIANGULATION, a name given to the net-work of 
with which the face of a country is covered in a TRIGONOMETRICAL 


arsine. emmy - they Bopres. Arsenic Series.) 
TRIATOMIC ETHERS. [Eruens.] t 
TRIBE (tribus, vay). All the states of antiquity of which we have 

any records were divided into a certain number of tribes, of — 

the great bodies of citizens of which the state was composed. 

tribes, however, were of two different kinds, rag Pac (yevixal) 

‘or local Spread (Dionys. Hal., iv, 14.) The former, must be 


of them might contain e who, according 

sion, would belong rag Li tribes. Thus we find in the 
Attica that the four original tribes were done away with after the 
institution of the ten local tribes by Cleisthenes; and at Rome 
three ancient Romulian tribes which retained their political 

almost to the time of the decemviral laws, died away and ceased 
be noticed in Roman hi i 
local tribes established by 


superseded 
Hylleans, Pamphylians, and Dymanians, 

. Genealogical tribes may, in many instances, as was 
the case at Rome, have inhabited different districts, so that 
at the same time local tribes; but this is merely an accidental 


stance, 

The number of the genealogical tribes was different in the different 
states of igs joa A and depended upon various circumstances, such as 
the number of national elements brought together to form a state, or 
the partiali so a race of men for particular numbers which were used 
as typical. us we find that the Doric states were originally divided 
into three, the Ionic into four, and the Romans into three tribes, 
later on, into a multiple of these numbers. Although these tribes only 
contained freemen, they were not always on a footing of equality; but 
the most ancient one, to which the others had only been added at some 
time by treaty or contract, always retained, at least for a time, a supe- 
riority over the others, and reserved for itself rights and privileges 
which were denied to the others. Such was the case with the Hylleans 
at Sparta, the Eupatrids at Athens, and the Ramnes at Rome. Each 
tribe was usually subdivided into smaller bodies, as at Athens into 
gparpla and yévn, at Sparta into @Pai and tpiaxddes, and at Rome into 
curig and gentes. The number of senators and of the great officers of 
a state likewise bore a certain relation to the number of tribes or their 
subdivisions, The bond of union between such tribes was more or less 
loose according to circumstances; and the of Attica gives us an 
instance of their being at war with one another. tribe had usually 
its separate religious observances and festivals, and the same was the 
ome the tales whic consisted formed the sovereign 

e tribes of which a state i orm e ign people 
{as at Rome the populus), which in many cases ruled over a subject 
population superior in numbers (meplouo:, plebeians). When a Greek 
state sent out a colony to a foreign country, it appears to have been 
customary to divide the new state into the same number of tribes as 
that which existed in the mother-city, and the names also were 
retained ; in some cases, as at Cydonia and Halicarnassus, both of which 
were Doric colonies, we only find mention of one tribe, which may have 
arisen from the fact that only members of one tribe of the mother-state 
took in the establishment of the colony. (Wachsmuth, ‘ Hel- 
lenische Altherthumskunde,’ ii. 1, p. 15, &.) 

In regard to the later or local , it is clear from the name itself 
that each inhabited a distinct district, containing either one or more 
townships, which were called in Attica duo, and at Rome vici or i. 


Every citizen belo’ to a tribe was obliged to have his name 

tered in a township of his tribe, though he was not bound to reside in - 

Mah tava whole ae logical tel pecentaed ye con oie 
tribe, wi or k its own 

and was headed by a (p¥Aapxos). The same was the case with 

the subdivisions of a tribe. 


We have here only given a brief outline of the subject in 
as a more detailed account of the tribes in the different states of anti- 
quity is given in the articles Arnens; Sparta; Roms, in Groa, 
Div.; Craistaenes; Servivs Tvxtivs, in Broa. Diy.; Dopians 
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Tontans; and others. Co , also, Wachsmuth, ‘ Hellen. Alther- 
thum.,’ ii. 1, p. 15, &c.; Hermann, ‘ Political Antiquit.;’ Schémann, 
‘De Jure Publico Grecorum,’ p. 165, &c. ; Niebuhr, ‘ Hist. of Rome,’ 
iL, p. 306, &e. 

TRIBROMANILINE. [Anme.]} 

TRIBROMEUXANTHONE. [Evxantuic Acrp.] 

TRIBROMOBENZIN. Synonymous with tribrombenzole. [BENZOLE.] 

TRIBROMO-PHENIC ACID. [Puenytic Grovp.] 

TRIBROMO-SALICYLIC AC [Sauicrtic Grovup.] 

TRIBUNUS (vAapxos), according to the etymology of the word, 
signifies any officer who is at the head of a tribe [TrrBe]}, and conducts 
either the internal administration of a tribe, or represents it in its 
relations to other powers in the state. This signification applies indeed 
to some of the officers of this name who occur in the history of Rome, 
but in regard to others it must remain doubtful why they bore this 
name, The following -is a list of all the Roman officers bearing the 
name of tribune. 

1. Tribunes of the Three Romulian Tribes.—The existence of a tribune 
for the three ancient patrician tribes, the Ramnes, Tities, and Luceres, 
is attested by several passages of ancient writers. (Dionys. Hal, ii. 7 ; 
Servius, ‘Ad Aen.,’ vy. 560; Pomponius, ‘De Orig. Juris,’ ‘ Digest,’ i., 
2, 2, 20.) As regards their functions we have no definite statements : 
they may have been intrusted with the management of the civil, 
religious, and military affairs of their respective tribes. 

2. Tribunus Celerum is an officer who only occurs in the history of 
Rome during the period when it was governed by kings. He was the 
commander of the 300 equites (celeres) who formed the king’s body- 
guard, 100 being taken from each of the three tribes. He was, next 
to the king, the first person in the state. (Dionys. Hal, ii., 64; Pom- 
ponius, ‘De Orig. Juris ;’ ‘ Digest.,’ 1,2,2, 15.) In the absence of the 
king, the tribunus celerum acted as his representative, and convoked 
the senate, as well as the comitia of the curim, at which he presided. 

3. Tribunes of the Servian Tribes—-When Servius Tullius organised 
the body of plebeians by dividing them into thirty local tribes, 
each of them was headed by a tribune, who had to keep a register 
of the inhabitants of his district and of the condition of every 
household in it. (Dionys. Hal., iv, 14; and Varro, ‘De Vit. Pop. 
Rom.,’ i, 240.) The scrutiny into every household appears to have 
= ceased, partly because it was repugnant to the spirit of 

iberty, which was rapidly developing, and partly because the state 
obtained sufficient hentia through the census. When subse- 
quently the Roman people became exempt from taxes,the main functions 
of the tribunes ceased, but they themselves continued to exist, nor 


(Niebuhr, ‘ Hist. of Rome, i. p. 421.) The tribuni wrarii had to levy 
the tribute in their tribes and to pay the soldiers with it. (Varro, 
‘De Ling. Lat.,’ v. § 181; Gellius, vii, 10.) After the institution of 
the questors, the tribuni wrarii had only to levy the tribute and hand 
it over to the quexstors, who distributed the pay among the soldiers, 
The Lex Aurelia, 8.0. 70, gave to these tribunes judicial power along 
with the senators and equites; but they were deprived of it by J. 
Cesar. (Sueton.; ‘Cws.,’ 41.) 

4, Tribuni Plebis.—These were the most important among the many 
officers bearing the name of tribune; and whenever tribunes are men- 
tioned without any further qualification, the tribuni plebis are meant. 
In the year p.c, 494, when the plebeians had been driven by the 
oppression of the patricians to secede to the Mons Sacer, peace was 
concluded between the two orders on condition that the plebeians 
should be allowed to have magistrates of their own, whose province it 
should be to protect the members of their order against the patrician 
magistrates, and whose persons should be sacred and inviolable. It 
- was farther |, that whoever should maltreat, kill, or compel a 
tribune to anything by force, should be outlawed and his property 
should be forfeited to the temple of Ceres. (Liv., ii. 33 and iii. 55 ; 
Dionys. Hal. vi., pp. 89, and vii. 17.) These agreements, however, were 
insufficient to protect the tribunes against various annoyances of the 
patricians ; hence it was found necessary, soon after the institution 
of the tribunate, to give still more security to the exercise of their 
power. A law was accordingly passed forbidding any one to interrupt 
or disturb the tribunes in their transactions with the plebs, and enact- 
ing that any one who should act contrary to this law should give bail 
to the tribunes for any fine inflicted upon him; those who refused to 
give bail forfeited their life and property. The inviolability of the 
tribunes was finally established after the time of the decemvirate by a 
law of M. Horatius. 

With ss ge to the conflicting statements as to the number of the 
tribunes, probability is in favour of the number five, so that one 
was taken from each of the five Servian classes. Thus much only is 
certain, that in the year B.c. 457 the number of tribunes was increased 
to ten; so that if they really bore any relation to the classes, each 
fornished two. This number remained unaltered to the end of the 
republic. The tribunes were attended by public servants, called 
_ Yiatores, who carried their commands into effect. 

The accounts about the manner in which the tribunes were originally 
elected are as con’ as the statements about their original num- 
ber. The statement of us and Cicero, that they were elected 


by the curie, must either have arisen from a misunderstanding of the 
nature of the curia, or from a confusion of the election and the sanction 
of the election; for the latter was a right which the curize unquestion- 
ably possessed fora time. If, as Niebuhr thinks, they were intended 
to represent the classes, they were elected by the centuries; but it is 
much more probable that the college of tribunes, at the expiration of 
the year of office, appointed their successors, after a previous consulta- 
tion with the plebs. The sanction of the curiz ceased to be necessary 
shortly before the time of the Publilian law; and after that time we 
have express testimonies that the tribunes were elected by the comitia 
of the tribes, under the. presidency of one of the tribunes whose office 
was expiring. (Livy, ii. 56, &c.; iii. 64; Dionys. Hal., ix. 2.) As it 
was necessary that all the tribunes should be elected on one day and 
before sunset, it often happened that when the business of election 
could not be completed within the lawful time, those who were elected 
had to fill up the number by co-optatio. This inconvenience was done 
away with in 448 by the tribune L, Trebonius, who got a law passed, 
ordaining that in future the elections should be continued the next day 
mi days in cases where one day should be too short a time to complete 

em. m 

The field of action for the tribunes were the comitia of the tribes 
and other meetings of the plebeians; and they arraigned before the 
assembly of the plebs any one, whether private individuals or magis- 
trates, who had violated the rights of the commonalty, and that 
without any fear of being interrupted in their proceedings. They 
themselves no judicial power; they had only the right to drag the 
offender before the assembly of the people, and to propose a fine to’ be 
inflicted.on him. In later times they sometimes deviated from this 
rule, and assumed the right of proposing capital punishment. Their 
lawful power was originally mere auilium ; that is, to afford protection, 
without any right directly to interfere in the affairs of the state. Their 
power, the Tribunicia Potestas, or Tribunicium Jus, was confined to 
the city and one mile beyond its walls. They were not allowed to 
spend a night outside the city, except during the Ferie Latin, when 
all the people were assembled on the Alban Mount. The house of a 
tribune was regarded as a place of refuge for any one who thought 
himself wronged or oppressed, and the doors were left open by night 
as well as by day. From the first the plebeians regarded the tribunes 
not only as their protectors against patrician oppression, but as arbi- 
trators in matters among themselves. (Walter, ‘Geschichte des Rém. 
Rechts,’ p. 85.) The power of the tribunes, after it was once esta- 
blished, rapidly increased in proportion as the commonalty itself 
increased in importance ; indeed we may say that the growing import- 
ance of the commonalty was the work of the tribunes. Not quite 
forty years after the institution of the tribunate we find the members 
present at the deliberations of the senate; and in B.c. 454 the tribunes 
compelled the senate to meet, in opposition to the consuls, that they 
might lay before them a rogation and discuss its merits. Henceforth 
either the tribunes themselves, or the consuls at their request, 
proposed legislative measures to the senate, as we see in the instance 
when a new legislation was demanded by the tribunes. This demand 
of the tribunes, after some struggles on the part of the patricians, was 
at last complied with, and led to the appointment of the decemvirs, for 
the p of framing a new code of laws. During the second decem- 
virate the tribunate was suspended, like all other magistrates; but 
when the business of legislation was completed tribunes were again 
appointed, and it was on their proposition that the consulship also was 
restored. (Liv., iii. 54.) 

' The position of the tribunes after the decemviral legislation was very 
different from what it had been before. Henceforth we find the 
patricians and the clients contained in the tribes, and the tribunes now 
stand in the same relation to the whole nation as they had before stood 
to the commonalty only: they are now the protectors of the whole 
nation as assembled in the comitia of the tribes, and in opposition to 
the senate and the magistrates; they are the representatives of the 
democratical element in the state, in opposition to the aristocratical. 
This explains how it happened that their protection was sought by 

tricians as well as plebeians, (Liv., iii. 56; viii. 33, &.) They 
henceforth also appear in the possession of the right of being present 
at all the deliberations of the senate; but their place was outside the 
opened doors, where they sat upon benches, They had at all times 
the right to propose measures to the assembly of the tribes, which 
might pass them. Such resolutions of the tribes were called plebiscita, 
and required the sanction of the senate or the curiw before they became 
laws. But the Lex Valeria ordained that all plebiscita should be 
binding upon the whole nation without any further sanction. (‘ Dic- 
tionary of Greek and Rom. Ant.,’ under “ Plebiscitum.”) This gave to 
the tribunes an extraordinary influence in all the affairs of the state, 
and the democratical element had now gained the superiority. But 
while the power of the tribunate was thus outwardly increasing, a 
change took place within the body, or collegium, as it was called, 

which, to some extent, paralysed its power. Down to the year B.c. 394 
all matters had been decided in the college of the tribunes by a 
majority of the members, but in this year we meet with the first 
instance of the intercession (veto) of one tribune rendering the reso- 
lution of his colleagyes void. (Liv., v. 25, 29.) It is uncertain what 
gave rise to this innovation ; but it weakened the power of the college, 
inasmuch as the aristocratic party might easily gain over one of its 
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members, and thus thwart the plans of the rest, In such a case 
nothing could be done, and the matter was dropped. C. Tiberius 
Gracchus was the first who pointed out the manner in which the 
college might get rid of an obstinate member: he proposed to the 
people to deprive such a tribune of his office—an expedient which was 
afterwards occasionally made use of, The same power, however, which 
a tribune had over the resolutions of his colleagues he also had upon 
the proceedings of a magistrate, whether a consul, a censor, or 4 
pretor, and even over an ordinance of the senate. The right of the 
tribunes of merely a: in the senate was gradually increased by 
the power of convoking the senate, and laying before it any measure 
relating to government or administration ; and the senate had often 
recourse to the tribunes for the ag of compelling magistrates to 
comply with its wishes. (Liv., iv. 26; v. 9; xxviii. 45.) At last it 
was established by the Plebiscitum Atinium that a tribune should be 
a member of the senate by virtue of his office. The time when this 
plebiscitum was passed is uncertain, though it is not improbable that 
it originated with C. Atinius, who was tribune in B.c, 130. 

There was no power in the Roman republic that could be compared 
to that of the tribunes, and during the latter peried of the republic 


they formed a real democratical senate. But whatever may have been } 


the abuse that some tribunes made of their exorbitant power, and 
however much evil they may have produced, yet it is a point acknow- 
ledged on all hands that Rome owed her greatness, in no small degree, 
to the institution of the tribunate, 

Sulla, in his wing ® to remodel the constitution upon aristocratic 
principles, reduced the powers of the tribunes to what they had been 
originally. But this innovation, like all his constitutional changes, was 
a complete failure, and the full power of the tribunes was restored to 
them by Pompey. [Svita, and Pompey, in Broa. Drv.] 

During the empire the college of tribunes of the people continued 
to exist ; and in the reign of Augustus comitia for the election of 
tribunes were still held, although the freedom of election gradual 
disappeared. (Sueton., ‘Aug,,’ 40; Vellei. Pat., ii. 111.) The politi 
influence of the tribunes also sank rapidly, and ‘even at an early period 
of the empire we find it almost confined to intercession in decrees of 
the senate and to protecting oppressed or injured individuals. (Tacit., 
* Annal.,’ xyi. 26 ; ‘ Histor.,’ ii. 91; iv. 9; Plin,, ‘ Epist,,’ i. 23; ix. 13.) 
Tribunes, however, continued to exist down to the 5th century of our 
era; and though their power was much limited, they still continued to 
be looked upon as the protectors of the weak and the injured, which 
made their office one of great moral importance, For this reason, as 
well as for the purpose of having a check upon the college, the 
emperors, although patricians, found it n to be tribunes. In 
fact, the office of tribune, all the other magistracies being united in 
one person, was the only thing that was wanting to complete the 
sovereign power of an emperor. This tribunicia potestas of an emperor 
was conferred upon him by the senate, and was justly deemed equiva- 
lent to regal or dictatorial power with a popular name, so that the 
tribunicia potestas became an essential part of the im I dignity, 
and was finally established as such eet Lex de Imperio Vespasiani. 
(Suet., ‘ Tiber.,’ 23 ; ‘ Vespas,,’ 12; ‘ Titus,’ 6.) 

5. Tribuni Militum cum Consulari Potestate—In the year B.o. 445 
the tribune C. Canuleius carried several rogations, one of which was, 
that the people should be at liberty to elect the consuls from the 
patricians and plebeians indiscriminately. In order to avoid the con- 

uences of this law, the senate decreed that instead of consuls, 
tribuni militum with consular power should be elected promiscuously 
from both orders ; and in order that the plebeians might not gain too 
much at once, the censorial power, which had hitherto been a part of 
the consular power, was separated from it and given to two new 
patrician officers, the censors. Accordingly in the year 444 B.c. three 
tribunes were elected instead of consuls, one of them being a plebeian. 
The people however were allowed for the following years to elect either 
tribunes or consuls, as they might think proper. The consequence 
was, that for a series of years sometimes consuls were elected according 
to the old custom, and sometimes tribunes. From the year B.c. 426 
the number of tribunes varied between three and four, until in B.o. 
405 it was increased to six, which remained unaltered down to the 
year B.C, 366, when the office of the military tribunes with consular 
power was abolished, and the consulship restored. These consular 
tribunes, as they are briefly called, had the same power as the consuls, 
with the exception of that part of it which had been detached from it 
and given to the censors, For this and other reasons the patricians 
did not so much object to its being shared with the plebeians, as they 
did in regard to {the consulship, which was sanctified by solemn 


mae. 

. Tribuni Militares, or Militum, or tribunes of the soldiers, were a 
class of officers in the Roman armies, of whom at first there were four 
ina legion. They appear originally to haye been appointed by the 
consuls, but in the year B.c. 363 it was decreed that henceforth half of 
them should be eleated by the people in the comitia of the centuries, 
while the appointment of the other half was left to the commanders o' 
the legions as before (Liv, vii, 5); and as there were six in a consular 
army, three were by the people and three by the consul. The 
latter were, down to the latest time of the republic, called ru fuli, and 
the former comitiati- (Festus, #. v. Ruffali’) Tn later times the 
number of tribunes for each legion was increased to six, and their 


appointment was sometimes left al: er to the consuls, 
seems to have been an exception to rule, for subsequent 
time wo again find that the le had the election of a 
tribunes. (Liv., xliii. 14 $1; xliv. 21.) The functions of 
tribunes of the soldiers consisted in main’ the 
the troops, superintending their exercises and 
inspecting the sentinels, settling disputes among the 
taking care that they received their necessary provisions, and 
TRICHI’ASIS (tpixlaois), is a disease in which one or more of the 
+ degen turned inwards, so as to be in contact with the front of 
e eyeball. The irritation thus excited produces all the 
other symptoms of inflammation of the conjunctiva, and if 
tinued may terminate in opacity of the cornea and complete 
The wrong direction of the eyelashes may depend on various causes, 


Sometimes it appenrs to be their natural mode of growth; one or more — 
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TRICHLORACETIC ACID, [Cutonacerio Act.) 

TRICHLORALDEHYDE. [Cxtonat.] A 

TRICHLOR-EUXANTHONE. [Evxanrato Acm.] 

TRICHLOROKINONE. [Kuxto Acrp.] 

TRICHLOROMETHYL-DITHIONIC ACID (0,Cl,HS8,0, +2aq.). 
Simei pe ae Faw cu An unimportant organic acid obtained 
by treating trichloromethyl-sulphurous chloride with potash or baryta. 
This acid has also been named chlorocarbo-hyposulphuric acid. 

TRICHLOROMETHYL-SULPHUROUS ACID, {[Tricatoro- 
METHYL-Diratonic Actp. 

TRICHLORONAPHT 10 ACID. 
Trichlorophthalie Acid. 

TRICHLOROPHENIC ACID, Be Ng a Grovr.] . 

TRICHLOROVALERISIC ACID. [Vaertantc Actp.] 

TRIDENT (tridens, tplawa) is any instrument of the form of a fork, 
with three prongs ; instruments of this kind were used by the ancients, 
as among ourselves, for-various p' In mythology the trident is 
the attribute of several marine divinities, such as Nereus (Virg., ‘ Aln,,” 
ii, 418) and the Tritons (Cicero, ‘De Nat, Deor., ii. 85), but above 
of Posrrpoy. The trident in these cases is the same as the sceptre — 
with other gods, the emblem of the power of these eg: of the waters, 
The ancients regarded earth ae eee ere sea, or, as they 
expressed it, as the work of Poseidon, who effected them by his mighty 
trident, whence Homer frequently calls him the “ shaker of the earth, 
and whenever the god is represented as peenang, convulsion of 
the earth or the sea, the trident is always mention *(Houn., “ Odyas.,’ 
iv. 506; Claudian, ‘De Rapt. Pros.,’ ii, 179.) ; 

TRIETHY LAMINE. [Oncasie meen 

TRIETHYLPHOSPHINE. [Orcantc Baszs.] 

TRIFO'RIUM, an upper gallery formed by small open arches aboye 
those dividing the nave from the side-aisles of a church, and beneath 
the clerestory windows, this intermediate tier being within the sloping 
roof over the aisles, These galleries are, in this country, sometimes 
called “ Nunneries,” but in Germany “ Miinnerchor,” t 
confined to the nave, but continued in the transepts, so as 
passage almost entirely round the upper part of the building. 
general the triforium is very shallow or narrow, and the arches in front 
of it are small and low; and of these last, there are two, three, or even 
six, over each of the larger arches separating the nave from the aisles, 
There are however very great differences in these respects even in 
buildings of the same period and style. In some instances the tri- 
forium is very lofty and open, as in the Abbaye aux Hommes, 
and in the choir of Bayeux Cathedral, although the nave of the same 
edifice offers an example directly the reverse, the triforium consisting 
there of a range of very low and small arches; while the clerestory 
windows are remarkably large and lofty, much larger in fact than the 
pier-arches between the nave and aisles. In the Norman naves of 
some of our cathedrals the triforium arches are as wide and nearly as 
high as those of the aisles; and the triforium itself is so spacious as 
to form an upper aisle, lighted, like the lower one, with windows, 
Norwich is an example of this kind, as is likewise Peterborough, except 
that in the latter the large triforium arches corresponding with those 
below are subdivided into two lesser ones with a column between 


(Narutgatio Grovr, 


f | them. At Gloucester, on the contrary (also Norman), the triforium 


arches are low and small divided at first into two, each of which 
is again similarly subdivided, 80 as to make four o} wma over each of 
the large arches below. In the naye of Wells Ca’ the triforium 


consists of an uninterrupted range of small arches of peculiar 
in which the openings are very narrow in proportion to the Ls pens) 
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oulded between them, In English churches triforia are, 
in sey period, very ornamental in character; in the 
Pointed styles they are generally smaller and less 


important, 
GENIC A 'C,H,N,0,). Aldehyde absorbs the vapour of 
Hit acid with grea avn, Yeotndne white crystalline mass, 
is 


= C,H, N 0, + 
— 


igeni ises in small prisms, very slightly soluble in 
submitted to Saieentive distillation, it 
to yield quinoleine and cyanuric acid. The trigenate of silver 
luble in water, but soluble in hot water. 

TRIGLYPH. [Grectan Arcutrecture. 
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TRIGONO. CAL CO-ORDINATES. These co-ordinates were 

i i tly of each other, by Professor Gudermann, of 
Cleves, and the Rey. Charles Graves, of Trinity , Dublin, The 
c spherical co-ordinates, a term which is liable to be 


and natural explanations when the common 
be, as it really is, an extreme particular case of 
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lines drawn from the centre of the sphere, upon the tangent 
to rectilinear 


. The equation of a great circle is of the first degree, 
form Pip oe gar and an equation of the nth degree be- 


i 


2 cos 2 = 2+ 2-1, then 2 cos nx = 2 + 2-", and substitution gives for 


the whole series, 
The 1 2—a (2 + 2-1) 
2 (iad * 20 —aet) * Fae +e) $a) 
—acos 2 


1 
which is TO 5 cos z +a? 


~ The most remarkable property of these series is that they are capable 


of representing discontinuous lines, so that an ate composed of ares of 
different curves might have every one of its points made to satisfy an 
equation of either of the preceding forms. The whole of the discon- 
tinuous undulation, for instance, drawn in Acoustics might be in- 
cluded under one equation. See the ‘ Differential Calculus’ (‘ Library 
of Universal Knowledge’), p, 621. In the higher parts of physics, this 
property is of the test importance ; and without doubt it is one of 
the most remarkable in the whole range of analysis, But it will not 
perhaps appear so singular if we remember that every curve made of 
ares of different curves can have a continuous curve, represented ever 
by a common algebraical equation, drawn as near as we please to any 
collection of its ares. e showed the use of a finite trigono- 
metrical series to be a very easy mode of actually representing the 
ordinate of this approximate curve : the infinite trigonometrical series 
is the limit which actually attains, algebraically speaking, the perfect 
representation of that to which a finite number of terms is only au 


ximation. 

“PPRIGUNOMETRICAL SURVEY. [Gzopzsy.] 

TRIGONOMETRICAL TABLES. The chronological list given itt 
TABLES will serve as a sketch of the history of these tables : we desire 
here to elucidate a point of their construction which, in the present 
state of transition from one system of definitions to another [Prico- 
NOMETRY], Causes a deal of confusion, 

In the ordi 


thm 
illions of 
les used a radius of ten 
thousand millions of units, and their assertion consequently is, that if 
a right-angled triangle have ten thousand millions of units fh its hypo- 
in one of its angles, the side opposite that 


e old system strictly, and employ 
the radius in every fortnula, find no difficulty : thus, if ¢ be the hypo- 
thenuse of a spherical triangle, and a and b its sides, we have 


cos a. cos b 
r 
log Gos ¢ = log cos a + log cos b—log x (ot 10), 


But those who use the old system, and have also dropped into thé 
habit of making the radius always unity, or omitting it from the 
formule, and those who use the new system, in which the sines, &c., 
are numerical representations of ratios, will always find a difficulty, 
until establish a new explanation of the characteristic of loga- 
rithms wi they find in their tables. We speak of course of bes 
ginners, for practice will get over such a discrepancy, or will perhaps 
cause @ sufficient explanation to suggest itself, 

To either of the two last-mentioned classes of persons, the sine of 
35° is ‘6735764363, and its real logarithm is the negative quantity 
*7635913—1, or —‘2414087, To them therefore the simple explana- 
between their logarithm and that of the tables 
is as follows :—The tabular logarithm is always 10 more than the real 
and the real logarithm always 10 less than the tabular 

There ate two ways of proceeding : either to take ont the 
real logarithm, which can always be done, using the characteristic —1 
(or for distinction, 1) instead of 9, —8 or 8 instead of 2, —3 or 3 in- 
stead of 7, and so on; or to remember that each logarithm is 10 too 
great, and to make the correction, either mentally or at the end of 
each logarithm. We have always found the first mode the better of 
the two, and we should recommend no one to reject it without a 
sufficient trial. 

For example, sup) 
sin 14° sin 3°), 


cos c = 


it is required to calculate tan 0= 4/ (sin 1° 
e have (not using the arithmetical complement) 


log sin 1° 22418553 

log sin 14° 1-3836752 

add 36256306 

log sin 3° 2-7188002 

subtract 29067303 

3 

O=1° 19° 2)47201909 
23600955 , 


In looking for the result, we remember that the tabular logarithm 
answering to 23600955 is 8°3600955. ; ‘ 

For the multiplication and division of negative characteristics, seé 
Loganiras, Usn or (col, 336), ; 

TRIGONOMETRY. This word signifies the measurement of tri« 
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angles, but we might as well attempt to confine within 
ical limits, as the science of which we are going to give some 
account in this article; the measurement of the earth is now only an 
isolated application of the former ; and the measurement of triangles, 
of the latter. 
ae a Bonireee of the are ae vst? . 
tho still in books as the art of measuring triangles, 
means the consideration of al or periodic magnitude ; in which 
quantity is imagined to go through alterations of increase and diminu- 
tion without end; that is @z, a function of x, is trigonometrical, when, 
as « varies through all stages of magnitude (or, in technical y 
increases from — © to + «), it takes an infinite number of alternate 
increases and diminutions. It is perfectly possible to contrive a common 
algebraic function which shall go through any given number of such 
|, a million, or more ; but without recourse to infi- 
nite series, it is impossible to find one in which the number of alterna- 
tions is unlimited. If the properties of algebraical series were as visible 
to the unassisted apprehension as those of figure in etry, it would 
be seen that the two following series (afterwards known as those for 
the sine and cosine of 2), 


# cod Fd aA 
*— 3-3 + 503.4.5 —& ndl- 5 + gg - 


are ic in value: and that, * being a certain incommensurable 
number (3°141592....), all the of magnitude that they can 
ibly take are only repetitions of what take place while « increases 
0 to 2x. We cannot form a more adequate idea of an intelligence 
superior to that of the human race, than by imagi one to which 
this truth should be, in consequence of sufficient rapidity of power of 
computation, a purely elementary one. We are obliged to come by this 
knowledge through our perceptions of space, and by the —— of 
algebra to geometry ; and the construction and use of our alphabet for 
the expression of periodic magnitude is contained in whatrare called 
the elements of trigonometry. 

The most simple notion of periodic magnitude lies in supposing that 
the changes made are purely cyclical, or repetitions of same for 
ever ; as for instance, those which occur in turning a handle in a yerti- 
cal plane. The number of revolutions traced out by the handle may 
be as great as we please, and the quantity of length of the circular are 
described by its extremity may be as many times the circumference of 
the circle as we please, that is, as long as we please; but the distance 
of the handle from the ground is periodic, exhibiting perpetual increase 
and diminution as it rises and falls. Hence the circle naturally becomes 
a sort of standard of reference, and circular motion the primary idea, 
in all consideration of periodically changing magnitude. The arc, or 
the angle which it subtends at the centre, is the magnitude which 
increases without limit, all past revolutions being counted; and the 
lines which only depend on the position of the moving point in the 
cirele, and not on the number of revolutions by which it has attained 
that position, are the periodic magnitudes in terms of which all others 
are ex A 

The periodic itudes connected with a varying angle, so far as 
they have fagesabe Hableneaion. are the sine, cosine, tangent, cotangent, 
secant, cosecant, versed sine, coversed sine, and chord. A change has 
taken place in the mode of conceiving these quantities, and one which 
it is <7 desirable thoroughly to establish: though slight in appear- 
ance, producing no difference in results, it gives a great advantage 
in the consideration of formula, These elements were lines ; they now 
often are, and in future always will be, the ratios of lines to lines, The 
following figure exhibits the old definitions :— 


Fig. 1. 
ry c ' ay | 

W om pet 
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Let 0 be the centre of a circle, and Aon an angle measured from a 
fixed radius o A, the direction of revolution in which angles are mea- 
ened positively bunaipestee the arrow. From 8 draw BM per- 
aero amaeaer agp at a and c draw tangenta to the circle. en, 
these old definitions, » u is the sine, o a the cosine, aT the tangent, 


: four right angles + < aos, 

but the sine, cosine, &c. would all be the same as before. 
As the line 0B moves 

taken positively when 

less than a right angle. 


angles AO B, AOB’, AOB", AaoB’”, 


of revolution :— 


Angle. Sine, 
AOB, less than 
avight angle.) BM 
AOB’, between 


right angles .| B'M’ 
‘a 


Tan- 
Cosine.) sont, 


Om | AT 


right angles .| —B"M” |—OM"| AT 


right angles |—B"M" Om” |—AT 


Cotan- Co- | Versed eur 
gent, |5°*P*>) secant.) Sine. — . 
ct oT | O¢ | AM | CN 
—Cr|—oT| Of | AM'| CN 


ary 
ce |—or|—o¢ | aw” | cn" 
A 


—cr| or |—or| am”|"c 


In this system an angle has an infinite number of lines of 
one to every radius which can be taken. It is therefore 
either to introduce into the formulw the value of the radius 
Siecya' endeeacon, ihe Glen coeae Rapa 

8 e 
Hg tors with the general value of the radi 


the 


value of 


to accustom the student to consider the radius as one unit, but 


an exception when trigonometrical tables are used, 


radius as ten thousand millions. These inconveniences are avoided in 


the new system of definitions, which is as follows :— 
Fig. 2. 


From any point in the line 08 Neda drae Lc is the variable 


boundary of the angle, draw Ba (or B’M’, &.) perpendicular to oa. 

Let om and MB be positive, om’ and M"s", &c., — as in the 
usual method of reckoning co-ordinates. BM, B’M’, &c,, opposite 

to the angles, om, om’, &c., adjacent; and let on, oB’, &c., be called 
hypothenuses (and always considered positive). Then the sineofBOM 
is the fraction which BM is of oB, with its proper this case 


in 
positive : but the sine of aoB” is the fraction which "5" is 
taken negatively, because um” B” is negative. It is indifferent 


hypothenuse is taken, by the 


following is the complete system itions, with the values written 
for the four They give a slight degree more trouble at first, — 
Tie say be daSoael, to way noting ob Ge Advaxtegs of SRG 
orm 
the indefinite radi Sed 
Definition, AOB AOB’ AOB’ AOB” 
Oppt. side | BM BM’ BM” B"M” 
Sine = typothen. | BO Yo | 7 wo | — Bo 
Adjt. side | OM Om’ om” Om” 
Cosine = }ypothen. | OB | ~ OB | ~ OB” on” 
Opp*. side | MB MWB ™” B” Mm” 3B” 
Tangent = Aayside | MO | —~MO| mro | ~ MO 
Adjt. side | MO mo m”o M”"0 
Cotangent = Gos side} MB | —~MB | MB | ~ MTB 
oB op’ OB" ob” 
Secant = [an side | OM | —~OM |— OM” | OM” 
Hypothen. BO Bo B’O B’O 
Cosecant = Oops, side BM PM | ~B’M” | ~ BM" 
Versed sine = unity — cosine 
Coversed sine = unity — sine. 


' The chord has long ceased to be regarded as one of the trigono- ; 


& 
ees. 


of similar triangles, and 
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functions, and is always used in its old sense, as the lin 0 t) 
Sfining the exiventianaF esate ; ; : 18. 1 + 008 0= 2 eos? 5, 1+ sin @=2e08* (7 — 5 
elec tee: peincioal: telgnmometricn! é ' 
ies of the functions, referring to sa taleees ¢ 1 —sin 0 = 2 sin? (7 — 5) 
of i to Snve for development of 2? Xe Sra 
rtant points, to Serres for the expansions of 1 — cos @ @ 1—sin@ 3 [Tt 6 
various functions, to SURATION and SpHERIcAL for the formule T+ cos 0 tan? 5, Tp and G - 5) 
particularly connected with triangles, and to ALGEBRA, Root, Sus- 2 3 ; J 
smprar¥ ANGLE, &c., for various other usual applicati tg eng — sae n — 9) pk de lng RG APY" 


. 1. No sine nor cosine exceeds unity ; no secant nor cosecant is less 

than unity; a tangent or cotangent may have any value; versed 

en err e map contained lubes) sat 2 Sauk 
usive, 

2, With the sines and cosecants must be remembered the succession 
+ + ——; with cosines and secants, + — — + ; with tangents and 
cotangents, + — + —. ‘Thus when an angle is in the third right 
ee ene Dt Sogn: Se podian empestive, 


3. With the different functions must be remembered the following 
series of initial values, being those at the beginning of the several right 
angles: thus— 

sin 0=0, sin (r* Z)=1, sin (2r* Z*)=0, sin (3rt Z*)= —1 
ED era NA tangent| 0 © 0 & 
2 lo —1 |}secant|1o —1 © | cotangent| m 0 » 0 

4, To find a function of number of t increased or 
i iy arte engin: bike tha exon donctise We the ante at 
be even, its cofunction (sine for cosine, cosine for sine, &c.) 
the given function in the right angle to which the whole given angle 
belongs when the increment Sc Aagasiook ix lien than’a Sehd wages 


sin (3 5—°) = — cos 6, 
obtained: the odd number of 
senting a right angle) is a direction to pu 


sine 
cosecant 


sin (5 —0)= cos 0, cos (5 ~ 6) = sin 9, tan (3 
sin (5 + 0)= cos , cos (5 + 0)=—sin 4, tan (5 + ¢)=—cot 0; 
sin (r—0)= sin 9, cos (w— 0) =—cos@, tan (r— 0) = —tan @; 
sin (7 + 0) =—sin @, cos (* + 6) =—cos 0, tan (r + 0) = tand; 
sin (27— 6) = —sin @, cos (2r—0)= cos@, tan (2r— 0) = —tan@; 
sin (—0@)=~—sin@, cos (—0)= cosé, tan (— 6) =—tané. 
5. In the first revolution, @ and +—@ have the same sines and cose- 
See en aie conines and mennte, @aud #4 0'the ame 


= cot 


6. sin @ cosec @=1, cos @ sec @=1, tan 6 cot @=1, 
; sin @ 
cos 6 ~ 
7. sin? 6 +cos? 0=1, 1+ tan? =sec? 0, 1+ cot? 6=cosec? 0. 
tan @ 1 
fin O= Ja + tant 0)? °°8 = 71+ tan? 6) 


U] 
=—, = cot 0. 


a a b 

8. If tan = gj» then sin @= Wb B) + 08 0 = Matt 
9. sin (0+) = sin 8 cos @ + cos @ sin 
sin (9—¢) = sin 8 cos » — cos @ sin ¢ 
cos (0+) = cos @ cos @ — sin @ sin 
cos (@—g) = cos 6 cosp + sin 6 sin ¢, 


B)* 


10, tan (0+) = uses tan (09) = Gimbaey: 
11. sin 6 + sin ¢ = 2 sin 7+ F oon “St 

sin 0 — sin ¢ = 2 cos 24 # in TP 

cos 8 + cos @ = 2 cos a 

cos 0 — cos p = — Zin 74 ain 5, 


12, sin 20 = 2sin @ cos 6 
cos 20 = cos @ — sin? 0 = 2 cos? @— 1=1 — 2 sin’ O, 
tan2@ = 2 tan 6 + (1 — tan? 6), 

ARTS AND SCI, DIV. VOL. VIII, 


sing+sin@ tan 4(>+ 0)’ cos@ + cosé 
15, Té @ be half a right angle, or less, 


cos 0 = 4 4/(1 + sin 20) + 3 /(1—sin 28) 
sin 0 = 4 /(1 + sin 20) — 4 «/(1 —sin 26). 


16. If x be any integer, and if (cos @+sin 6)" be developed by the 
binomial theorem into P,+P,+P,+ &e., P, being cos" 6, Pp, being 
n cos"! @ sin 0, &c., then cos n@ is Pj — Py + P, — &e., and sin n@ is 
P,—Py+Pp—.- 

“17. Let on and 8, stand for the cosine and sine of n@ 


2 cos? @=0,+1 
4 cos* @=0, + 30, 
8 cost @=0,+ 40, +3 
16 cos’ @=c, + 50, +100, 
32 cos® @=o, + 6c, +150,+10 
64 cos’ 0=c, + 70, + 210, + 350, 
128 cos* @= 0, + 8c, + 280, + 560, +35 
256 cos® @=o, + 90,4360, + S4o, + 1260, 
512 cos@=0,, + 100, + 4504+ 1200, + 2100, + 126 


To change these into corresponding formule for powers of sin @, 


Wor jy) GO htop: ogy 6 Og Ve 0): Bo- 
Write s,; —c, —s, c, 8, —0, —8, ©, &e. 
Thus 16sin'@= ss, — 3s, + 10s, 


32 sin’ @ = — co, + 6c, — 15c, + 10. 
18. De Moivre’s Theorem and its consequences :— 
(cos @ + sin 6, »/—1)"= cos n@ + sin nd. V—1 
VA = cos 04+8in@.J—1 0V—-1=c0s 9—sind. ./—1 


iV 4 IV P WA — IW 

1 1 

Tf2cos@=x+ 5, then 2 /—1.sin@=a—- > 
1 


and 2 cos n0=2" + =, 


The versed sine is little used and rarely mentioned in formule ; and 
the coversed sine is really only invented for analogy’s sake. 

The term sine (the Latin word sinus, meaning the bosom) has been 
the object of much discussion. It was at one time looked on as a bar- 
barism from the Arabic; and some endeavoured to substitute semissis 
inscripte, the half of the chord, for it. Others again thought that it 
was a corruption of S. Jns., the abbreviation of the above. Dr. 
Hutton asserts that the Arabic word Jeib, which is used for the trigo- 
nometrical sine in that language, also means the bosom in common 
language ; and we have been told that this is correct ; if so, the Latin 
sinus is only the literal translation of the Arabic. The are representing 
a bow (from which it gets its name), half of the string, which repre- 
sents the sine of half the arc, would come against the breast of the 
archer. The versed sine (sinus versus, or turned sine) was called the 
sagitta, or arrow. The terms tangent and secant are derived in an 
obvious manner from the old definitions, 

There is little of the history of trigonometry which can be either 
usefully or intelligibly separated from that of mathematics in general. 
Up to the middle of the last century it belonged rather to geometry 
than to algebra ; and even in our own day algebraical trigonometry is 
not fully established in England, though rapidly making its way. 
Those to whom trigonometry is only useful as an instrument in the 
solution of triangles may enjoy the advantage of that specific clearness 
which geometry gives to the individual proposition in hand, without 
needing to feel the want of a which points out the direction of 
future progress. But those who are to be trained in mathematics for 
higher views and more difficult applications, must acquire trigonometry 
in its most algebraical form as a constituent part of the language of 
algebra, and an element in every step of their future progress. It is 
worse than useless to attempt, for them, to draw a distinction between 
algebraical and trigonometrical; the science will now allow that dis- 
tinction to remain, and will rather demand new modes of expression ~ 
than dispense with any of the old ones. , = 

There are those who feel sensible of incongruity in combining the 
fundamental notions of space and number together, and would rather, 
at any expense of trouble, keep them separate, except when they are 
formally united for any particular application. This feeling has our 
8 y ; and if it were possible to present a complete algebra, both 
in definitions and processes, without recourse to trigonometrical lan- 
guage, we should willingly agree to the separation. But hitherto it is 
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not so; the only view of algebra in which there is nothing impossible 
is [ALorpra) essentially joined to space, and particularly to angular 
magnitude ; so that those who would have a perfectly pure algebra 
must wy it at the expense of unexplained and apparently contradictory 
symbols, 

Tt would be easy to avoid the notion of space while using the terms 
of trigonometry and its powerful formulm, The series at the beginning 
of this article might be made the definitions of the sine and cosine ; or 


sin z might be only an abbreviation of x -3 a? + &e., and cos 2 of | f 
1- sa + &c, The fundamental properties of the sine and cosine 


might without much difficulty 
without reference to any g 

TRIMETHYLAMINE. [Oncanto Bases 

TRIMETHYLPHOSPHINE, [Orcanie 
rous poe 

TRINITRANISOL (C,,H,[NO,],0,). A ‘nitro-derivative of the 

enate of methyl. [Antsor. 

TRINITROCRESIC ACID. (C,,H,[NO,],0,). An organic acid 
prepared by adding cresylic alcohol, drop by drop, to strong nitric 
acid. Its potash salt crystallises in o: needles. 

TRINITRONAPHTHALIN, [Narutarrc Grovr.] 

TRINITROPHENIC ACID. [Puenytic Group; Carpazortic 

Acrp. 
TRINITY HOUSE, As the general management of the light- 
houses and buoys of the shores and rivers of England is entrusted to 
the Corporation of the Elder Brethren of the Holy and Undivided 
Trinity, generally known by the name of the Trinity House, it has 
been considered advisable to treat under the same head the special 
history of that corporation and the general discussion of the duties 
entrusted to their charge, as well as the discussion of the means usually 
ado for lighting and. buoying sea-coasts in general, 

e objects it is desired to effect by those operations are, to indicate 
to mariners the precise position of sunken rocks, shoals, or sand-banks 
which may occur in the fair way of the navigation, and to mark the 
entrances of ports and harbours ; and these objects must be effected in 
such a manner as that the more important indications should be visible 
by night as well as by day. Moreover, it is desired to indicate the 
navigable channel in passes or on shores during the daytime, when 
accumulations of alluvial matters, or sand-banks thrown up by tidal 
currents, or when bars at the mouths of rivers, render the navi- 
gation difficult or dangerous. ‘The indications of the first class are 
usually given by light-houses, or by floating lights, visible from great 
distances ; the indications of the second class are given by floating 
buoys, beacons, poles, or guides fixed in the beds of the channels. In 
all civilised countries the establishment of these indications is con- 
sidered to be one of the most essential functions of the public 
authority; and the safety of commerce depends so greatly upon their 

fection, that it is generally thought to be desirable to place them 
yond the chances of irregularity attending private operations. Thus 
in England the Trinity House is charged with the performance of the 
necessary works for lighting and buoying the coast; in Scotland the 
Commissioners of the Northern Lights are so charged; and in Ireland 
the Ballast Board of Dublin has the control of the lights and buoys: 
all three being under the general superintendence of the Board of 
Trade. On the Continent, this branch of the public service forms part 
of the attributions of the minister of public works, and is usually 
centralised in his hands, in a far more distinct manner than it is in 
England.- 

The Trinity House appears to have been originally established in 
the reign of Henry VII, as an “association for piloting ships ;” but it 
was only in 1680 that the Elder Brethren erected their first light- 
house, after several structures of that description had been built by 
private individuals under patents from the crown, The very irregular 
and unsatisfactory manner, and the very heavy charges entailed upon 
the commercial marine of England, by the unsystematic manner of 
lighting the coasts thus introduced, gave rise to so strong a spirit of 
opposition to its continuance, when the navigation of Europe had 
begun to revive after the peace of 1515, that numerous parliamentary 

uiries have recently been made into the duties and functions of the 
ity House, and changes have been introduced in them from time 

to time. Thus the acts 3 Geo. IV. c. 3, 6 & 7 Will. IV. c. 79, 
17 & 18 Vict. c. 104, have gradually led to the extinction of the 
private rights in light dues, and to the vesting of the whole of the 
duties of lighting and buoying the coasts in the authorities before 
described. The Trinity House in the meanwhile has maintained its 
original composition in all substantial matters; and it discharges at 


be :proved to belong to these series, 
~ 


hos, Organic phospho- 


the day the duties of superintending the pilotage of the 
English ports, concurrently with those of superintending the lighting 
and bu as well as of distributing the funds arising from certain 
light and pi dues, and from the sale of ballast (for which they 


have an exclusive patent in the port of London, with the exception of 
the Charlton pits), to certain charitable purposes specified in their 
original charter. The Trinity House consists of a master, a deputy 
master, nineteen acting elder brethren, eleven honorary elder brethren, 
and an unlimited number of younger brethren; in May, 1859, they 


numbered 178, The master and the honorary elder brethren have 


ace do with the practical operations of the House, and they are 
‘ solely on account of the eminence of their social positions, 
from the ministers of the crown or from amongst the higher racy, 


The deputy master and the acting elder brethren are in fact self-elected 
from a list of the properly qualified younger brethren ; and the quali- 
fications for this p' are,—that the candidates shall have attained 
the rank of com in her majesty’s navy for at least four years 
previously, or shall have served as master in the merchaut service, on 
oreign voyages, for at least four years, ~~ brethren are 
chosen from members of the royal navy, or the commercial 
marine, and are admitted at the pleasure of the court of elder brethren 
upon the proposition of any one of those elder brothers, It 


perhaps be as well to add, that subsequently to 1854 the . 


House has abandoned its claim to the surplus of the light dues, which 
it had previously ; 
ment by means of which this expropriation of funds was effected 

conferred upon the Trinity House general powers of supervision over 
the proceedings of the Commissioners of Northern Lights, and of the 
_ Ballast Board, subject to the appellate jurisdiction of the Board 
iof Trade. 


* The Board of the Trinity House discharges its duties by means of — 


committees, and sub-committees. for special purposes, whose proceed. 
ings, when necessary, are subject to confirmation by the general court. 


These committees are—l, the Treasury; 2, the Supervisors of the 


Ballast Department ; 3, the Pilotage; 4, the Pilot Examination Com-— 
mittee; 5, the Lighthouse Committee; 6, the Pensioners; and 7, the — 
House Affairs Committees, With the exception of the supervisors of 


the Department, two in number, all these 

services may consist of any number of members at the option of the 
court, ly varying from two to four, The appointments are made 
annually, and the wardens are also elected annually, two going out 
every year; the master and the deputy master are elected 
during their lives, though they pass pro forma an annual election. 
The deputy master is ex oficio chairman of all the committees. In 
scientific and technical matters the court is assisted by its engineer 
and an optician, those posts at the present day being occupied by 
Mr, J. Walker and Dr. Faraday. The members of the Trinity House 
divide among themselves the annual sum of 70001. and they empl 

a staff of clerks, messengers, &c., at their central office at an ann’ 
expense of about 6000/.; the salaries of the engineer and of the scientific 
adviser amount to 1700/,; so that the total cost of the central administra- 
tion of the Trinity House is about 14,8001. per annum, for salaries, and for 
all miscellaneous expenses connected with the central board: it was, in 
1857, about 17,285/, The gross income for the year 1857 was 268,6462. 
nearly, and the gross oT ene pe 204,013/.; for the year 1858 the 
gross income was 257,214/., and the gross expenditure was 172,285/.: 
the surplus revenue is principally devoted to 
incurred, in pursuance of the act of 1846, for the purchase of the private 
interests in lighthouses, 

The Commissioners for the Northern Lights were incorporated by 
act 38 Geo. III, c. 58, and they consist of 28 members, amongst whom 
are the lord advocate, the solicitor-general, the lords provosts and the 
elder bailies of the cities of Edinburgh and Glasgow, the provosts of 
Aberdeen, Inverness, Campbeltown, Dundee, and Greenock, and the 
sheriffs of the maritime counties of Scotland. The business of the 
commission is transacted in general meeti and in committee 
meetings; four of the former being held in the year, and of the latter 
there is usually one in every fortnight. The services of the members 
are gratuitous; in all technical and scientific matters they act under 
the advice of their engineers ; and they have been fortunate enough to 
have secured for many years the services of the Messrs, Stevenson, 
who have done more to advance the science of lighthouse-building than 
any men since the days of Smeaton. The gross income of the com- 
missioners for the years 1857 and 1858 was respectively 30,5811. and 
26,8651.; whilst the gross expenditure was also respectively 62,2044 
and 59,7471, all in round numbers; from whence the defi ency was 
me does not distinctly appear in the published documents, 

he Ballast Board of Dublin consists of 283 members, who are 
connected with the commerce of the country, but not necessarily, or 
even habitually, acquainted with the practical details of seamanship, 
The lord mayor of Dublin and the high sheriff of the city are annual 
ex officio members of the board. They manage their business by means of 
committees, thus arranged :—1, Library; 2, Lightship; 3, Inspection ; 
4, Accounts ; 5, Lifeboat; 6, Harbour Bye-Laws ; 7, Graving-Dock ; 
8, East Quay Wall Tax; 9, Pilotage Committees; and, whenever 
necessary, sub-committees for special purposes are appointed. The 
services of the members of the board are given gratuitously ; the 
incomes for the years 1857 and 1858 being respectively 13,307/, and 
15,7101, and the gross expenditure for the same years 58,7681. and 
46,6581. It does not a) officially from whence the defici is 
supplied ; but there can be little reason to doubt but that the money 


required for this purpose, as in the case of the deficiency of the 
Commissioners of the Northern Lights, is obtained from the tile 
Marine Fund. 


In addition to the lights and buoys maintained by the above énume- 


rated public authorities, there are many others of perhaps a minor 


af 


applied to charitable purposes, The act of — " 


consist of four members; and the sub-committees named for . 


e extinction of the debt — 
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navigable inland channels, are usually thus confided to the care of the 
: in the navi of the particular localities 
for shipping are placed. 

It from the returns of the commissioners for inquiring into 
the subject of lighthouses, &e., published in 1861, that, at the end of 
1859, there were the following numbers of lights, of the various kinds 
enumerated, around the coasts of Great Britain and Ireland ;— 


‘ Lights on Shore, Floating Pare Coast 
Lights, 'o! line in 

Country, General,| Local. | Total. ‘ Miles, 
England . .| 82 s9 | 171 41 | 213 || 2405 
Scotland -| 46 67 113 1 lit 4469 
Ireland . .| 69 4 73 5 78 2518 
Totals .| 197 160 | 357 47 | 404 | 9392 


The Commissioners, however, observe that the immense number of 
islands, and deep bays, on the Scottish coast renders it difficult to 
ison between the efficiency of its mode of 

more atuhe coasts; but the table they 
0 hhta in the United Kingdom and 
in France, has a considerable degree of interest. It seems that on the 
light on shore for 14 miles; on the Scottish 
coast, 1 for 39°5 miles; on the Irish coast, 1 for 34°5 miles; and on 
for 12:3 miles. The principle adopted by the 


| 


heavy rain, sleet, or snow, the range of visibility is, of course, con- 
siderably reduced, It is to be observed that if the English floating- 
lights be taken into account the distance asunder of the lights 
jee height be es to lighth depend the dis- 
to ven to a ouse must upon 
Vin Rentaetesca thet g tgitltade rare In order to keep 
the source of light on the level of the geometrical horizon at a distance 
Sariak, Genk 3 iry says that a lighthouse ought to be 504 
feet , though the St. Vincent light of 221 feet high, 
is stated in the report of the commissioners to be \visible at that 
distance, It is seldom, however, that any necessity exists for so wide 
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diffused over so large an area, it can hardly 

thereof, unless at an immense cost, As a 

to about 15 or 20 
need 


cases not 
sea level; as will be seen 


8002. but in this instance the expense of the 
pees so we raperinie ee, ee the cost of con’ 
, were not included, M. Reynaud, the engineer of 
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il 
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by other engineers; and he was thus enabled, not 
a considerable economy in the first outlay, but also to 


or tiear to the danger it is desired to warn mariners to 
Same 200 8 & height of Zrom'S) GG ee abere 
the sea level; and from that reason, as well as from the difficulty of 
gg bgt yf light (on account of the pi and 
of ea ee at renee of visibility is not . 
authorities are still divided in opinion as to the best form of 
vessels, and to the manner of mooring them; many — 
however, agree in recommending the adoption of a vessel built upon 


the principles of Herbert's circular buoys, moored from a central chain 
attached below the centre of gravity of the mass. Generally speaking, 
the light-vessels on the English shores are provided with gongs, which — 
are sounded in foggy weather. The first cost of these vessels is, on the 
average, between 4U00/. and 50002, 

Harbour lights are of every description, according to the importance 
of the harbour, and to the dangers of the nayigable channel leading to 
it; sometimes they are exhibited from a small tower, sometimes from 

r gas or oil lamps. It is rarely that the most expensive of these 
structures exceeds the cost of 400/, or 500/,; and the range of their 
illuminating powers is usually limited to two or three miles. 


TABLE OF SOME OF THE MOST CELEBRATED LicurnousEs, 


Name, | pt da Height. | Visible at| Cost. 
. 
EneGLanp, | Feet. | Miles, & 
Ist class catoptric, 
Beachey Head { ugh 185 | 22 
| Ist class dioptric, 
SE ae ee aaa { ter 204 19 
Eddystone. . | OC, fixed 90 9 
lizard. os 232 20 
Scilly Bishop’s . | D. 110 18 86,559 
St. Agnes 4G revolving 183 16 
Lundy . ._ .| D, revolving 540 30 
Skerry Vore . ag De 150 20 83,126 
North Foreland . «_C, fixed 184 18 
South Foreland . ,| D. fixed 372 25 
Bell Rock. . | D 117 18 61,832 
Flamborough + «| D. flash 103 19 
South Stack ‘ «| C, flash 201 19 
Cromer . « « C, flash 274 22 
Calf of Man . «| C, flash 875 24 
Dungeness -. +| C, flash 92 ld 
_Girdleness , e at 100 19 11,000 
Prasor 
Grisnez . ‘ «| D. flash 194 23 
Ailly . «. « «| D, revolving 805 27 
Fécamp . e D. flash 425 18 
Le Héve ry 4 D, fixed 897 20 
Barfeur « , +| D. revolving 236 22 19,600 
La Hague , . D, fixed 157 18 13,200 
Ushant . e +| D, flash 272 18 
Cordouan + «| D. revolying 207 27 
Isle de Batz . .| D. revolving 223 24 4,320 
Belle Isle . » «| D. revolving 276 27 
Calais . . 4) D. fixed 167 20 7,479 
Bréhat . . + | Dz fixed 136 22 83,800 
Porquerolles ,. «| D, flash ‘ 262 20 19,880 
CotontaL ANd Fonztox, 
Cape St, Vineent . .| C. revolving 221 80 
Genoa . . «| t revolving 370 24 
Berlingas =. « «| C. revolving 365 25 
Moro, Havana . +| D. flash 863 20 
Roeea, Lisbon + «| D, flash 598 30 
Bayona . . +| D. revolving 603 20 7,611 
Gibraltar, - «| D, fixed 150 15 
Alexandria, ,. -| t fixed 180 20 
Ceuta , . « «| D, fixed 483 26 
Coxo . ° . .| D. revolving 870 24 
False Point, Bengal .| D. flash 70 13 
Pondich . « «| D. fixed 94 12 810? 
St. Paul’s, Canada =,| ? fixed 140 20 
Monte Video . »| 2 fixed 486 25 
Cape Ottoway « «| D, flash 72 13 
Highlands, N.Y, | D, flash 72 13 
West Schouwen . .| D. revolving 166 22 6,400 
Baas. <6 egw al Dont 110 20 10,800 
Westkappel . « «| D. fixed M45 22 
Terschelling . .| D, revolving 170 22 
Odessa e ‘ «| D. fixed 203 23 
Tino (Spezzia) . .| D. fixed 889 24 
Villafranca . «| D. revolving 223 24 


The sources of light used are of several descriptions. In the large 
shore lights, mechanical lamps with three concentric wicks, or pump 
lamps, with four concentric wicks, and argand burners, are used; in 


floating-lights, the burpers are alone used. The rays are con- 
centrated and as may be required, either by means of dioptric 
lenses, by catoptric reflectors, or a mixture of the two systems in 
the cato-dioptric a ; Mr. mas Stevenson has intro- 


> 
duced an a) us he calls the holophotal one, which is in fact, nothing 
but a ification of the cato-dioptric light’ In France, the dioptric 
lights are exclusively used: in land both the dioptric and the 
cal ts are used for the great land-towers, whilst the 
catoptric lights are exclusively used for floating-lights; and the harbour 
lights are usually made upon the holophotal system in the more 
important ports. Mariners are divided in their opinions as to the 
relative merits of these ; but the tendency of opinion amongst 
scientific opticians is decidedly in favour of the : one, with a 
central pump lamp of four concentric wicks. As to the distribution of 
the light, it may be either jiwed, or by flashes, or by intervals, or again 
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it may be white or coloured, though the loss of light by the 

a colouring medium constitutes a serious objection to the 
adoption of that system. In all cases where the light is not required in 
any particular direction, it is advisable to prevent its passage, and 
to reflect the rays, which would otherwise be dispersed, in the direc- 
tion to be illuminated. Floating-lights, however, are very fre- 
quently made to show a red light; and there seem to be reasons 
for believing that it would be desirable to confine that colour to them, 
in order to distinguish the land from the floating lights; in which 
case it would perhaps be also desirable to make the harbour lights 
green, the essential condition being that no confusion should occur 
between contiguous lights. In the table given in col. 374 the descrip- 
tion of the apparatus used in the various lighthouses is given, wherever 
it can be ascertained from published documents; and it may here 
suffice to refer the student who would investigate their respective 
merits to the Reports of the Commissions of 1846 and 1858; toa 
recently published reply to the second of these reports, under the 
title of ‘ Lighthouse Management ;’ and to Alan Stevenson's ‘ Elemen- 
tary Treatise on Lighthouses.’ The distances at which the several 
lights are stated as being visible, are, it must be observed, affected by 
the quality and character of the light, the height of the observer above 
the level of the sea, and the atmospheric refraction. 

It may be added, that the cost of a large source of light, on either 
the dioptric, or the catoptric systems, is usually about 2000/.; and 
that the annual expense of maintenance, including ‘oil, wicks, salaries, 
repairs of buildings, and of apparatus, ranges between 300/. and 400/. 
for a dioptric light, and between 350/. and 400/. for a catoptric light: 
the cost of maintaining a floating-light varies between 1200/1. and 
13002. per annum, the crew consisting of a master, mate, two lamp- 
lighters, and seven seamen, of whom one-third are on shore at a time, 

Of late years, the Mitchell’s screw-piles [P11m Enxcrve] have been very 
successfully applied for the purpose of supporting fixed lights on shoals 
in shallow water, and in comparatively-speaking protected positions ; 
such as the beacon light at Fleetwood on the Wire, and the Maplin light 
at the mouth of the Thames, Wherever it would be possible so to do, 
these iron beacons should be substituted for the more unstable floating 
lights, for the oscillation of the latter must always impair their efficiency; 
and the pillar structures in the day time form more conspicuous 
beacons than the low hulls of the vessels cando. And here it may 
be as well to remark, that even lighthouse towers are of greater value 
for the purposes of navigation when they are constructed of materials 
which are of colours able to make them conspicuous objects by night 
as well as by day, The English lighthouses are usually painted white, 
or red; the lighthouse of Pondichéry, in the French East Indies, is 
painted in alternate vertical bands of white and black, a most efficient 
method of rendering it visible from a distance; the Scottish light- 
houses are usually left of their natural colours, and are rarely dis- 
tinguishable from the surrounding landscape in the day-time. 

The buoyage of the shores of England would appear to be conducted 
in a very etficient manner, for there are no less than 1109 buoys in 
position upon those shores, without counting the wreck-buoys, or the 
warping-buoys at the entrances of ports, harbours, or docks, The 
Admiralty, as might naturally be expected, continue to use the old- 
fashioned nun and can buoys; but at Liverpool, and in the ports of 
active commerce, the Herbert’s buoys are most generally used, These 
are made with wide circular bottoms, having a depression in the centre 
to which the eye for the mooring-chain is attached, so as to bring the 
centre of gravity as low as possible ; their cost varies with their size, 
between 401. and 901, In consequence of the gradual growth of the 
buoyage system of England, there is t irregularity in the mode of 
colouring or marking them : in foreign countries the custom is, how- 
ever, to paint the buoys respectively on the port and starboard sides of 
the channel of different colours, usually black and red; and though no 
doubt it would be preferable to adopt a uniformity of system in this 
respect, there would be a great amount of inconvenience in changing 
the colours of the buoys in any old-established line of navigation. It 
is worthy of remark that in the year 1858, not more than 4 per cent. 
of the buoys laid down by the public authorities of the United King- 
doms, broke from their moorings, whilst about 6 per cent. of those 
laid down by local authorities got adrift. In the portion of the 
Thames between London and the open sea, there are nearly seventy 
buoys, in addition to the light-ships, harbour-lights, fixed lights, and 
beacons; in the Mersey, the local authority connected with the port has 
established no less than 7 lighthouses, 3 floating-lights, 65 buoys, and 
10 beacons; and indeed any one who may have had occasion to 
visit English and foreign ports, must be convinced that the buoyage of 
our shores is far more perfectly performed than that of any foreign ones. 

Beacons are of every imaginable variety, from substantial stone 

illars and iron strnctures on piles, to heaps of stones, poles with 
Paskets at their heads, and to simple bushes or twigs; their cost 
varying from 10,0001. to a few shillings. There are above 260 struc- 
tures of some importance, erected for the purpose of beacons, whose 
situations are indi upon the Admiralty charts; and of course 
there are numerous smaller ones upon the banks of the rivers and 
navigable creeks of our shores. The only system which seems to pre- 
vail in the establishment and construction of these beacons, is that 
they should indicate, in a manner understood by the local pilots, the 
course of the navigable channel; and it would only be a pedantic 


affectation to seek to establish any general in a service which 
essentially depends upon local necessities. The beacons on the re- 
ive sides of a navigable channel ought, however, to present some 

ic difference of colour or of outline. : 

It may be desirable to add that in England and Ireland the lamps of 
lighthouses are lighted from sunset to sunrise; in Scotland they are 
lighted at the commencement of the darkness and exti 
dawn, in accordance with a calculated table. The regulatio 


of consumption of oil in a first-class French dioptric is 785 
gallons per annum; it would a) that in England the av con- 
sumption of all classes of lights is below this standard, whilst of 


Scotland is above it, 

As the arrangement of this article rendered it necessary to notice in 
the commencement the history and organisation of the Trinity House ; 
and then, the practical details of the lighthouse system as now carried 


into execution; the any ot lighthouses has been deferred to the — 


conclusion, At a very early period in the history of commerce the 

ee ity for such structures i have been felt, and the ancients 

id very great attention to their construction. Origi the lights 

ye sea-shore were nothing but open fires on Soroued: Moe = 

lofty towers were substituted for these rude modes of illumina- 

tion, and at last the lighthouses were treated as architectural 
monuments of the highest order, The recorded history of 


the — 
Colossus of Rhodes would appear to be rather apocryphal; and the 
very, 


accounts handed to us of the Pharos of Alexandria are of 

doubtful authenticity ; Josephus, however, states that its fire could be 
distinguished at 45 miles distance. This tower fell as recently 
as A.D, 1803, having been constructed by Ptolemy Philadelphus about. 
Bc, 470. The Romans erected many lighthouses, and authentic 
records have come down to us of those of Ostia, 


ancient of these structures, the irons for suspending the fire , Or 
for holding the torches, may still be seen. During the Mi Ages 
towers were erected for similar purposes, of which remains may still 


occasionally be met with, and the tower of Genoa, a monument of the 
Renaissance period, may be referred to as a model of taste in such 
structures. The tower of Cordouan, at the mouth of the G: 
however, the one which marked the most distinctly the revival of this 
class of monuments in modern time, and even at the present day it is 
worthy of careful examination by the engineer and architect. It was 
commenced in the reign of Henri II. of France, but no light was 
exhibited in it until the a i of Henri IV. ; the style of architecture 
adopted is a very ornate style of Renaissance, as practised in France 
ee the end of the 16th century, poakof thet j 

erhaps the turning point, so to s , of the history of lighthouse 
building is to be found in the erection of Smeaton’s po sates 
Eddystone lighthouse, completed in the year 1759; for the success 
which attended the erection of that structure in so e: a situation 
has led to the subsequent operations of the same kind throughout the 
world, Two attempts had previously been made to establish lights on 
this dangerous reef of rocks in the Channel; one by Winstanley, the 
other by Redyard ; the structure erected by the former was washed 
away in the a of the 26th of November, 1703 ; and that erected by 
the latter was burnt on the 2nd of December, 1755. Smeaton was then 
applied to by the lessee ; and he resolved to construct the new light- 
house of masonry, solid up to a certain height, in order to secure a 
sufficient resistance to the action of the.sea by the dead weight of his 
structure, and thence hollow, to enclose the store and living rooms ; 
the outline of his tower Smeaton copied from the outline of the bole 
of an oak tree, which he considered to be the best form to resist 
external violence from the winds and waves, Smeaton has recorded 
his own operations in a folio volume, published in 1791, entitled, 
“ A Narrative of the Building of the Eddystone Lighthouse,” to which 
the student is earnestly referred as to a model of a technical account of 
a most important work, From this it appears that the first stone was 
laid on the 12th of June, 1757, and that the light was first exhibited on 
the 16th of October, 1759: the light itself was obtained in Smeaton’s 
time by the combustion of a great number of candles placed in metallic 
reflectors, Smeaton also erected an important lighthouse at Spurn 
Point, at the mouth of the Humber; but the grand principles of con- 
struction he introduced in the me were not again conspic 
applied, until the construction of Start Point Lighthouse, between 
1802 and 1806, under the direct orders of Mr. Stevenson, the engineer 
to the Commissioners of the Northern lights. Since the latter period 
the construction of lighthouses on the Rock, the Skerry Vore, the 
Bishop’s Rock, the Bréhat, Barfleur, la Hague, &c., has taken from the 
novelty of such structures, and rendered the public more indifferent to 
their merit; but they must always remain amongst the proudest 
triumphs of human skill and patience. 

The use of oil lamps, instead of candles in lighthouses, is said to have 
been introduced by the celebrated hydrographical engineer, Borda, 
about 1780 or 1790; and the manufacture of the reflectors was ly 
improved about the same time, The use of dioptric lights been 


ished at 
“ 
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governm: 
scheme for lighting their coast, which has since then 
pact Seen arenes; ean 36 Sits: Sepen: set 
novo, have been able to adopt, uighout, ioptric apparat 
ies x the ttralia’s lighthouses there, were. already numerous and 
costly catoptric lights of a very perfect nature in operat 
other 


replace the other known systems. The Fresnel’s dioptric lamps ma, 
popularly described as consisting of a mechanical, four-wicked, cil 


rago and Faraday, have in turn contributed to the 
A in Fresnel’s invention; and it is to the distin- 

, Faraday, that we are indebted for the efficient 
means v the ‘lamps of ligthouses| now, adopted an 
apparently insignificant, but really a most important detail in their 


working. . 

The only other events of importance connected with the history of 
lighthouses, are the establishment of light vessels about the end of the 
last. century ; the erection of the screw-pile lighthouses aud beacons, 
on Mitchell’s plan, the first of the former erected on the Maplin sand, 


having ten ental for the first time on February 16, 1841; and the | 


under the orders of Mr. A. Gordon: it was lighted for the first time 
have from time to time 


Systéme General d’ des Cétes’; to a mémoire by L. 

Fresnel in the ‘Annales Des Ponts et Chaussées,’ for 1831, 0n the 

of lofty towers; to another mémoire by the same author on 

the mode of treating the dioptric apparatus, in the ‘ Annales Maritimes 

et Coloniales, 1836; and a description of the scaffolding and machinery 

used at the lighthouse at Bréhat, inserted by M. Potel in the 
des Ponts et Chaussées,’ for 1835. 

Tt may be as well to add that the French authorities class the lights 

Z rding to the power, and the 

range of visibility, of their lights. The “Phares” of the first class are 


a distance of 25 miles ; those of the third class, from a distance of 15 
phares of the fourth class, or the harbour lights, are 

i of about 6 miles. In addition to the harbour 
lights, the French authorities frequently bells, with reflectors at 
the extremities of their piers ; these 


‘ 


signified the three services due to the king in of tenures of 
lands in England for the repair of bridges, building of fortresses, 
and expeditions against his enemies. the lands the realm 


of their necessity for convenience or safety; and for 
reason man’s estate was subject to the trinoda necessitas, whatso- 
ities tier. Lommupiides he might enjoy. Even in royal grants to the 


requiring contribution for these purposes 

to the King (Selden’s Janus Anglorum, i. 42 ; Cowell's Interpreter, ad 
yocam, 

TRINOMIAL, the algebraical name for an expression which consists 
three terms, asa+b+c,oraz—ba®+ba*, [TeRM. 
TRIOXYPROTEIN. A substance said to be ol from albumi- 


TRIPLICATE. [Rartto.] In the common arithmetical sense, the 
triplicate of a given ratio is found by taking the cube of each of the 
terms of the ratio. Thus, when we say that two similarly formed 
solids, whose linear dimensions are as 4 to 7, are in the triplicate ratio 
of 4 to 7, it is meant that the bulks of those solids are in the ratio of 
4x4x4to7x7x7, or of 64 to 343. 

TRIPOD (tripos, rplrous) is any article of furniture upon 
three feet, w the name is given to tables, chairs, moveable altars, 


and other articles of the same kind, (Athen. ii. p. 49.) A chair or 
Prmmdecetood 


must when we read that the Pythia 
oracles from a tri We find also mention of 
— containing a certain measure of fluid (Hom., ‘ II.,’ xxiii. 264), 

in this case we have to un a bowl resting upon a pedestal 
with three feet. The crater, or the vessel in which the wine was 


mixed with water at the banquets of the ancients, was very frequently 
a tripod of this description. 

The ancients made much more frequent use of tripods than we, and 
from their descriptions, as well as from the numerous representations 
of tripods on medals, and from the specimens still extant, we see that 
they were often most tastefully ornamented and of the most exquisite 
workmanship. They were usually of metal, but sometimes also of 
marble, and appear to have been made as much for mere ornament as 
for use. A tripod seems to have been at Athens a usual reward to a 
successful choragus. The tripod was connected with the worship of 
several gods, and was one of their attributes; but there is no deity in 
whose worship tripods occur so frequently as in that of Apollo. 
Accordingly the Pythia gave her responses from a tripod, tripods were 
the most common presents (donaria) to his temples, tripods were given 
to the victors in the games which were celebrated in honour of Apollo, 
and tripods appear on innumerable coins which have any relation to 
the worship of that god. Several fine tripods have been found at 
Pompeii. (Mazois, Donaldson.) In the accompanying cut of a bas- 


SS— 


relief on an altar found in the forum at Pompeii an altar tripod is 
represented. Some tripods are preserved in the British Museum. 
TRIPTYCH, an altar-piece in three divisions. As mentioned under 
RetaBtg, altar-pieces were cer Te small and portable; they being 
carried with the other ecclesiastical utensils to the altar for the per- 
formance of the service, and removed at its conclusion. The altar-piece 
usually comprised a ntation of some event in the history of Christ, 
or of an incident in the life of the saint to whom the altar was dedi- 
cated. In their oldest form, these portable altar-pieces seem to have 
consisted of two leaves or tablets of ivory or wood, like the larger 
two-leaved tablets carried by the Roman consuls and other superior 
officers, and like them they were called Diptychs. It is supposed that 
this in fact was their origin; the emperors having, when Christianit; 
was ised and protected, sent to the bishops, as to other hi 
officers of the government, official diptychs, which, when they presided 
at the mass, were displayed open at the altar as the insignia of their 
office ; but if so, the practice probably early fell into desuetude, and 
altar-pieces came to be commonly and of pious individuals or com- 
missioned by wealthy communities, they soon began to be made in 
various forms and of very different materials. The most frequent 
form was that of the Triptych, which consisted of a large central 
division, in which the principal circumstance was set forth, and two 
wings, fastened to the centre by hinges, so as when not in use to fold 
over it like shutters, On the insides of these wings were usually repre- 
sented circumstances subsidiary to} that shown in the central division, 
or portraits of saints or of the donors of the altar-piece, &c.; whilst 
on the outside was the Annunciation, the Baptism, or some event sym- 
bolising the initiation of the Christian religion, if the Crucifixion or 
other crowning event were shown inside; or, if the central picture 
related to a saint, the exterior was commonly made in some way 
correspondent, Sometimes there were more than three divisions, 
when it was called a Polyptych. Most frequently these portable 
altar-pieces are framed pictures; but they are very commonly, espe- 
cially the earlier ones, bas-reliefs carved in wood or ivory. Often they 
are of inlaid-work, or marquetry, or of metal-work and enamel, the 
latter being sometimes richly inlaid with gems. Of all these kinds, 
and extending over a long range of years, there are many, and some 
very exquisite, examples in the South Kensington Museum, as well as 
of those large carved and painted triptych retables which so generally 
revailed at a somewhat later date in Germany and the Low Countries. 
ETABLE.] When the altar-piece came to be treated as an important 
architectural feature, and the paintings were much larger in size and 
more important in character, the triptych form was long retained, 
though, at least in Italy, the wings were no longer made to close over 
the centre, and certain supplemen parts were added, Of these, 
examples, either entire (as in that of Jacob Casentius) or portions (as 
those by Francia, Andrea Oreagna, &c.), may be seen in the National 


Gallery. 

TRISECTION OF THE ANGLE, In the articles Dupriication 
and QuADRATURE, we have given a slight outline of the history of two 
of those remarkable problems the solutions of which at one time 
engaged the attention of the learned, and have not yet ceased to be the 
ambition of a certain class of geometrical students. The trisection of 
the angle is the third problem of this kind. 

The difficulty of cutting an e into three equal.parts is entirely 
of that geometrical nature which has been alluded to in the articles 
above cited. Euclid, who confines himself to the deseription of right 
lines and circles, could not by these only trisect an angle; but a very 
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TRIUMPH. : 


slight increase of descriptive power granted to 
overcome the difficulty entirely. In modern ere is no more 
trouble in trisecting an angle in finding a cube root: the trigono- 
metrical tables solve the question immediately to a certain number of 
places of decimals, and the calculation of a series and the solution of a 
cubic equation may be made to serve for any number of places of 
decimals. In order to show this, let @ be the sine of a given angle, 
and x the sine of its third part: common trigonometry readily gives 
the equation— 
82—io=a, 


Now @ can be found from the angle by means of the series for the 
sine; and the solution of the cubic equation is then easy enough. 
({xvoLvrtion.] The three roots of the cubic equation are respectively 
the sines of the third part of the given angle, and of 120° and 240° 
more than that same third The cause of the geometrical 
difficulty is seen in the cubic equation, which, as appears above, is 
essential to the problem : no root of a cubic equation was ever exhibited 
by Euclid’s geometry alone, unless that cubic equation were algebrai- 
cally reducible to one of a lower degree, which could be solved without 
the extraction of cube roots. 

The old geometers soon reduced the question to depend upon the 
following preliminaries. Let a,B, c, D be the sides of a rectangle, and 
® the diagonal passing through the junctions of B, c, and a, D: also let 
the angle kr a be the one which is to be trisected. Through the point 
common to B,C, draw a line F passing through p and a produced, in 
such a manner that the part between p and a produced is twice E in 
length. Then it is easily shown that the angle Fa is the third part of 
za. Through the point cp draw an equilateral hyperbola, of which 
the asymptotes are a ands. A chord of this hyperbola, set off from 
cp towards a produced, and equal in length to twice £, will be a parallel 
to the line F required. Admit then the hyperbola among the curves 
of geometry, and the difficulty ceases, Again, if with two-thirds of 
any given line A as a major axis, an hyperbola be described whose 
asymptotes make an angle of 120°; and if with a as a base,and a point 
on the branch of the hyperbola adjacent to the single third of a as a 
vertex, a triangle be described, the larger of the angles adjacent to a 
will always be double of the smaller. Consequently, one of the 
external angles will be triple of one of its internal and opposite angles : 
so that by describing on the straight line a a segment of a circle con- 
taining the supplement of any given angle less than 180°, that circle 
will cut the branch of the hyperbola in a point which, being joined 
with the further extremity of a, will give an angle equal to the given 


a mes, would 


angle. 

Again, if from any point of a circle a straight line be drawn cutting 
the circle again, and then a diameter produced, in such manner that 
the portion externally intercepted between the diameter produced and 
the circle is equal to the radius, the angle formed by that line and the 
diameter produced is the third part of the angle made by the two 
radii, of which one passes through the first point of the circle 
mentioned, and the other is on the diameter which was uced. 
The construction can be effected by the Concnorp of Nicomedes, 
which curve, if granted, gives the means of drawing a straight line of 
given length between any straight line and a curve, so that when pro- 
duced it shall pass through a given point. 

Either of the curves known by the name of QuapRaTRIx may be 
made to trisect an angle, as obviously may any curve which assigns a 
straight line equal to a given are: for a straight line may be easily 
trisected. The Srimav of Archimedes obviously gives another solution. 
But there is one particular curve known by the name of the trisectrix, 
which, among curves not geometrical, is peculiarly posseased of this 
property. It is one of the rnocnoipat curves having the deferent and 
epicycle equal, the motion in the latter being direct and equal to one- 
half of that in the epicycle. Or,add and subtract the radius of a 
circle from every one of the chords which passes through a ‘point in 
its circumference, and the result will be a looped curve, which is the 
one in question. Let a be the point where the branches unite, and 
AB the axis of the loop: describe a circle with aas a centre, and AB 
as a radius; take a point rin the loop, and let ap and BP produced 
meet the circle in Q and n. Then the arc BR is three times BQ, 

Many other modes of trisection have been proposed, some of great 
cpg beauty ; but the preceding are those to which it is most 

ely the student will meet with references in his reading. Many 
false trisections have also been proposed by persons who thought they 
could conquer the geometrical difficulty, There is not so much to 
expose in this class of trisections as in the one of quadratures of the 
_ ¢irele which corresponds to it. There has never been so much of 
romance applied to this problem, no explanations of theological points 
have been made to arise out of it, no mode of convestihng tae heathen 
asserted to be a y q ,no Number of the Beast taken 
into the caloulation. We shall only notice one false trisection, because 
it will afford a useful remark. In May, 1830, an Austrian officer 
announced his having obtained the geometrical solution in the ‘ United 
Service Journal,’ and various comments appeared in that periodical, 
running through various months up to March, 1832, In January, 
18382, an actual attempt at solution a , the work of a British 
officer then abroad. This at first sight appeared to be a geometrical 
solution; and what is more, it was a geometrical solution, and it might 


have cost a practised mathematician a moment's doubt whether the 
problem was not actually solved, But, owing to a mistake, a con- 
struction was made, which amounted to requiring that two sides of a 
certain triangle should be together equal to the third, the consequence 
of which was that the vertex of this triangle was brought down upon 
Dee of this tlanghe, oF age ap RaiAip fox angie whch 95 geome 
of this triangle, or equal to ing ; in w no 
would refuse to declare vaste of Buclidean division into three equal 
parts, each of course equal to nothing, Algebra generally furnishes 
some proof of the absurdity of the conditions of a problem when ven 4 
contradict one another: but this is not the case with geometry, 
latent assumption which restricts the generality of a solution always 
produces its. effect in the former science; whereas in the latter such 
an assumption might be made part of a demonstration, and produce its. 
consequences, without pointing out that those consequences are not — 
true of the general figure which was drawn. The accurate use of the 
ruler and compasses will sometimes correct an error of this sort (and 
would have done so in the instance before us), but not always; solu- 
tions have been proposed before now which give so nearly the third 
part ofan angle, that ordinary drawing will not serve to their 
false . Any one who imagines he has discovered a 
trisection should take care to submit his construction to an algebraical — 
should ever be in such a case. 
TRISUCCINAMIDE (N,{C,H,0,},). 


verification ; that is, if any person possessing algebra enough todo so 


An unimportant organie a ( 
substance bearing the same relation to succinamide as triethylamine a 


, e 


bears to ethylamine, Na an Bases.) 
TRITHIONIC ACID, [Svuipxvur.] 
TRITYL. [Propyt.] 
TRITYLAMINE. [Propytamrye.] 
TRITYLENE. [Propy.ene.] 


TRITYL-SULPHURIC ACID, Synonymous with Propyl-sulphurie 


acid. [Propyt. 

TRIUMPH (Triumphus) is in general a solemn procession for the 
purpose of celebrating a victory. Such processions and solemnities 
have been customary in all warlike nations, but they have never formed 
8o proniinent a feature in the history of a people as among the Romans. 
Ina Roman triumph, the general who had gained a of sufli- 
cient importance to entitle him to this honour, entered the city of 
Rome in a chariot drawn by four horses; he was eke oer by the 
captives and spoils, and followed by his army. The whole pact 70: 9° 
along the Via Sacra up to the Capitol, where the general da 
bull to Jupiter. Such a peste. 9 was the highest honour that a 
military commander could look for; it was granted by the senate after 
any victory either by sea or by land, provided it was thought suffi- 
ciently important to deserve it. 

When a general had gained a victory or had prams Seg the object 
of his mission, he sent in a to the senate, which then usually 
decreed a public thanksgiving (supplicatio.) The general returned to 
Rome, either with his army, or appointed a time when it was to meet 
him there; but he did not enter the ap: Bh a meeting of the senate 
was held outside the walls, usually in temple of Bellona, for the 
purpose of examining the general’s claims to a triumph. ‘The principal 
conditions upon which a triumph was granted, and which were 
established partly by custom, and partly by law, are as follows :—l. 
That the general should have held one of the great offices of the 
republic, that is, the dictatorship, consulship, or praetorship, 2. That 
he should have been invested with one of these offices at the time 
when he fi the victory, and that it should not have expired on 
the day of the triumph. This regulation however was set aside at an 
early period, and in cases where the term o" ot had haa irr 
senate used to t a prorogatio imperii,” that is, a pro 
his imperium geet a as general, for the day of the triumph. 3, 
That the victory should have been sewer under the auspices and with 
the troops of the general who claimed a triumph. 4. That the 
advantages gained by the victory and the number of the enemies slain 
should come up to the amount prescribed bylaw. 5. That the victory 
should have been gained over a foreign enemy, and not in a civil war. 
6. That the dominion of the Roman people should have been ext 
by the victory, and that it should not be a mere reparation of losses 
previously sustained. 7. That the war should be actually concluded 
by it, so as to enable the army to quit the enemy’s country, 

These rules however were not always strietly observed, and various 
deviations from them are recorded. Kyen the sanction of the senate 
ceased to be thought necessary as woe Hee the fifth century before 
Christ, and the yen in the Comitia Tributa assumed the right to 
grant triumphs (Liv., iii, 68; Dionys., xi. 50); and there are instances 
of generals triumphing in defiance of the senate and the people. In 
later times a general to whom a triumph in the city was refused, used 
to celebrate it on the Alban Mount. (Liv., xlii. 21.) If however the 
senate granted it, a sum of money was voted as a contribution towards 
defraying the bee ngewe of the triumph, and the general was for the day 
of his triumph invested with the Imperium in the city. During the 
triumphal procession, the general, standing in his chariot, wore a 
purple toga embroidered with gold; his brow was adorned a 
wreath of bay (laurus), and in his hand he carried a sce; the 
Roman eagle, On reaching the temple of Jupiter he deposited his 
wreath in the lap of the god, Banquets and other entertainments 
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solemnity, which was generally brought to a close in one 
tae Temas snack with. instances ity whioh it Insted 
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granted to any one else but a member 
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, or TRE/SVIRI, that is, 
of offices at Rome, both i and extraordinary 
by three persons in conjunction, who thus formed 
or administration 
called triumvirate (triumvi- 
were appointed on various occasions 
oe anew colony was to be founded, 
whole management of the business, together with the distribution 
colonists, was usually intrusted to triumviri, whose 
full title was “ triumviri coloni# deducendm,” or “ agro dividundo.” 


The triumvirate which ene lot ol ream celebrity in the 
2 me oor era trang was towards the end of the 
repu a eran taarerraspatcce dager ae7 After the republic 
been for years distracted by a series of civil wars, the three men 


they were either 
one of the triumvirs himself held the consulship. In 
expired, it was renewed for five 
About the end of this second term 
the triumvirs burst 


. 


aeety kdiidieis ty Oxans Donation 
entered into by Cresar, Pompeius, 
B.C. 60; the title triumviri was on ntien baa 
by them; it was certainly not recognised either by the senate or the 


2, The triumviri Monetales, or the i 
triumviri Nocturni, whose duty it was to super- 
watchmen in the city at night, and to prevent or put out 


the Greek and Latin 

The foot from 
ipally consists is the 
trochee (— ~), which is combined, like the iambus and , into 
‘metres of two feet each. The most common form of the verse 
which is of a perfect dimeter followed by a dimeter 
the last half-foot. This form of verse is the ‘ Trochaic Tetra- 
meter " of the Greeks, which was also called by the Romans 
quadratus, from ita ing four metres, and septenarius, from its 
containing (seven complete feet. The following is an example in 


Alexinder h4ted thinking, 
Drdak arotnd the coincil béard, 
Hé subdiied the world by drinking, 
More than by his cénquering sword. 


In the Greek tragedians the following are admitted as variations on 
the pure Trochaic verse :— 

1. The syllable at the end of the line may be short, since its time is 
filled up to that of a long syllable by the slight pause which occurs 
in that place, 

2, The trochee may be resolved into a tribrach (~~~) in any 
place; but the final long syllable may not be resolyed into two short 
ones, 


\ 

3, A spondee (——) may be substituted for the trochee in the 
eg yo of each metre, that is, the even places of the verse (2nd, 
4th, 6th). 

4. The spondee may be resolved into an anapest (~~ —), But 

5. If there is a tribrach in the seventh place, neither a spondee nor 
an anapzest is allowed in the sixth. : 

6, A dactyl (— ~~) is allowed, but only in a proper name, in any 


The following table represents the different forms of the verse :— 


1. 2. 4. 5, 
ied ed —_—~ 
Sd td bi did ined 


8. 
po) ~ 
~~ 


2% — ~~ —~S~ 


The first dimeter ought to end at the end of a word. Often als 
each metre, and sometimes each foot, ends at the end of a word. If 
the first metre ends with a word after which there is a slight pause or 
break in the sense, then the second foot of the first metre is a trochee 
or tribrach, not a spondee or anapest. The same restriction applies to 
the sixth foot when it ends with a word followed by a slight break in 
the sense, These niceties of structure are exemplified in the following 


‘lines :— 


Phen, 636, ‘Os &rmos, | olerpd rdoxwv, cedratvoua xOovds. * 
—— 646. *EAmldes 8 otrw xabeddovo’ als wéraida | bv Bevis, 


The comic tetrameter resembles the tragic in every respect, except 
that sometimes, though very rarely, a tribrach in the seventh place is 
preceded by a spondee in the sixth, and that the niceties of structure 
just mentioned are not always observed. 

The points of difference between the Greek and Latin trochaic verse 
are similar to those which exist in the iambic verse, and are explained 
in the article Terentian Metres. The chief point to be attended to 
is, that in Plautus and Terence a spondee which has the accent, or 
ictus metricus, on the first syllable, is allowed to stand for a trochee in 
any place except the seventh, The following line is from Terence :— 


Numquam cuiquam ndéstrum vérbum fécit néque id wegré tulit, 


The ictus metricus of the trochaic tetrameter, both in tragedy and 
comedy, is as follows (according to thé notation used in the article 
ARsIs) —~ 


eo OH STEN on tr WFD 2544 


that is, the arsis falls on the first syllable of each foot, and of the two 
arses in each metre the second is the stronger. 

The trochaic verse is rapid in its movement, and is generally used 
where stronger emotions are expressed than in’ the ordinary iambic 
trimeter. It is, however, closely connected in rhythm with the iambic 
verse. If we to the trochaic tetrameter catalectic an intro- 
ductory short syllable, we obtain an iambic tetrameter: if from the 
trochaic tetrameter catalectic we cut off the first foot and a half, we 
have the iambic trimeter; and it must be observed that these results 
are not only true with respect to quantity, but that the licences and 
restrictions of the trochaie verse become, by thus altering the order of 
acansion, the very licences and restrictions of the iambic verse. Thus 
the spondee in the even places of the trochaic verse, the anapest in the 
fourth and sixth places, the dactyl of a proper name, and the want of a 
cesura between the two dimeters, produce respectively, in the iambie 
trimeter which we get by cutting off the beginning of the trochaic 
tetrameter, the spondee in the odd places, the dactyl in the firat and 
third places, the anapest of proper names, and the penthemimeral 
cesira. The resemblance of rhythm is also seen by dividing each 
verse at its chief pause, namely, the end of the first dimeter in the 
trochaic, and the penthemimeral cwsura in the iambic, when it is 
found goth yg portions of the Vike are identical i every 
respect ; and it is in fact by these concluding portions that the 
thythm of a verse is ditarralsiea, , 


Troch, te ee em me ee es 
_Iamb, ww ew | ew ee ew 


Further particulars ing the tetrameter catalectic, and an 
account of other trochaic metres, will be found in Tate’s ‘ Introduction 
to the principal Greek Tragic and Comic Metres,’ and Hermann’s 
‘Elementa Doctrine Metricx.’ ; 

TROCHOIDAL CURVES, Under this term are included all lines 
produced by thé composition of two circular motions, including the 
straight line, the circle, the ellipse, a class of curves called epitrochoids, 
of which one particular case is called the epicycloid, and a class called 
hypotrochoids, of which one particular case is the hypocloid, Among 
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eee ret be semen aoakeds age, 
motions is rectilinear, which gives common R fi 
sclioans, Wile: Ecsaaes tho tavebous ot tte hal 
of Archimedes, and others, 
of considering these curves. The first, which is 
ad , may properly be called the trochoidal mode 
(rpoxes, a hoop), because in it one circle is made ‘to roll like a hoop, 
i a straight line, or w the circumference of another 
second, which we might be advantageously sub- 
stituted for the first, we shall propose to call the planetary mode, 
because it resembles the consideration 
and its satellite move round the sun. Here a circle, without any 
rolling, has its centre carried round the circumference of another. As 


differential calculus, ; 
Let the point m (fig. 1) be carried uniformly round the circum- 


ference of the circle am, and 


let 
radius is Mo(=aB). Leta point 


Pp 


so that its velocity from a 


z 


always contained between two fixed circles, B x and be, 
curve is always rece | athe those sho hg We 
a nomenclature for the principal parts of thi 

Pil the Ptolemaic mode of prec doa the planeta, let the fixed 
circle a m be called the deferent, the moving circle oF the epicycle. Let 
m be the mean point, F planet, o the centre, and let the planet be 
said to be in its apocentre or pericentre, when it is farthest from, or 
nearest to, the centre. And as every apocentre must lie on Bk, and 
every pericentre on be, let these circles be called fey Baye 
and pericentral. Let oP, as usual, be called the radius of curve, or 
its radius vector ; and ee Fe ad 

revolution is in the direction from « to M, let it be called direct ; when 


now 


deacent, The fo 
rh : 
1. planetary curve beginning from its aj 
epicyclic motion being direct, and greater than the mean motion, there 
will be a pericentre aa soon as MP has gained two right upon 
we - AOM,—that is, when np—g¢=180°, or is 180° divided 
n—1, 
2. But if the epicyclic angular motion, still direct, be leas than 
co MP, there will be a 


mean motion, so that omE is greater 
tre when cM ® has two right angles upon c MP, or when 
, 80 that P to 


$—no=180", or @ is 180° divided by (1—n). 
move the other way from 0, there will be a pericentre when c M x and 


Wi 


tre at B, and the 


8. And if the epicyclic motion be 


of the manner in which a planet | terms, 


two right angles, or when ¢+ng¢=180°, or when 

WWhien the plask ‘han some to ite pesloentce, 1h wil Sagieaaan: 
: come 

diately savenll emtite tho tech apcreatcs, tn conve a 

which it descended, but inverted in posi 


may 
the 


radius of a moving circle equal ) 
the deferent be a, that of the epicycle b, 
velocity be times the deferential or 
curve as if the radius 
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ed we consider every possible 
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tres. Wecan make a 
the planet to be at when Mc is on AaB. 
direct [Motron, Direction or], the line 8 } being carried forward 
the velocity a, the planet is carried backwards with the 
Consequently, when the epicycle is direct, the pericentral 
direct, neither, or le, according as a is greater than, equal to, 
or less than,nb. But when the epicycle is retrograde, the motion of 
the planet at 4, as well as that of 48, is in advance, and a+nb repre- 
sents the whole velocity: consequently, when the epicycle is retro- 
grade, the pericentral motion is always direct. Observe that we name 
the deferential motion with to the centre, and the a 
motion with respect to the centre of the epicycle: as explained in the 
article cited, a motion may be direct with respect to one, and retro- 
grade with respect to the other, 
We shall now consider the trochoidal mode of viewing the sub: 
previously to combining the two. Let the circumference of one 
roll upon that of another, any point on, inside, or outside of herds 
circle (if outside, of eine Bopoaed to be dined te ae 
describes a curve by the motion com: of the motion of the 
rolling circle round its own centre, and the motion 
Pag ra ene chop et 
e following diagrams (fig. 2). 
that is, the rolling circle may roll 
of one may fit the convexity of the 


these cases ma: 


, the trochoidal 


system is called epi-trochoidal, and when concavity fits convexity, h 
Clochoidal, We sall the radius of the fixed circl» v, and of the rolling 
circle R. 

1. Ev oidal system is a plan system in which the 


ery epitroch a 
epicycle is direct.. Taking the circle which rolls entirely outside the 


- 


TROCHOIDAL CURVES. 


other, P i the point describing the curve, and T w has rolled over TV 
i cs Now om is constant, being F+R; so that, since P 


i in 


rolls uni. round m, here is a planetary system 

radius of the deferent, wp that of the epicycle (which is direct), and 
the epicyclic velocity is to the deferential as the angle cm P to Ao M. 
Now the arcs Tw and TV are equal, whence aor being ¢, and TM W 
being Y, we have Fp=Ryp, or 


Pr 
emp= (= +1)9; so that ~~ is the ratio of the velocities. 


H at the double ion of , 
encckng uble generation of every planetary system, 


in which 0 is the 


=?+k, b=MP, n= REE 
R , 
R 
or a=MP,b=Fr+R,n= vi’ 

2. Every hypotrochoidal system in which the rolling circle is the 
larger of the two Se ny hes eee tise eenerelo ie ent, 
ep hed ale rye eug rolled over v T, as before, om and 
MP are the of the deferent and , and epicyclic 
ve is i CMP and AoMm; and 


- and tMw be ¢ and yf, we have, from 
arca TW and TV, RY=F®¢, and 


¥ oad 
Zour=p—9= (1—£) 5 whence “is the ratio of the velo 
We have then either 
—F 


R 
a=R-—F, b=MP, n= iF 


R 
or a=MP, b=R—F, n= aay 


3. Every system in which the rolling circle is the 
smaller is a «Rac pated yw palit hd oe In 
the proper it is now evident that om, the us of the 
deferent, is y—r; and that aom and wT being ¢ and , we have 


7 F—R 
ZomMP=)—9= (F _ i)¢@, and —— for the ratio of the velocities. 
ARTS AND SCL. DIV. VOL. VIII. 
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Either then 
F—R 
a=F—R, b=M?P,n= Ere 
R 
or a=MP, b=F-R, n= cone 


To distinguish the two hypotrochoidal systems, which have very 
different properties, let that one in which the rolling circle is smaller 
than the fixed, so that the curve lies entirely inside the fixed circle, be 
called the internal hypotrochoidal system; and that in which the rolling 
circle always contains the fixed circle, and in which the curve is entirely 
without the fixed circle, the external hypotrochoidal system. It appears 
then that a with a direct epicycle belongs to both the 


epitrochoid and the veer waa tits ; while one with a retrograde 
omeagolo belongs to the in‘ hypotrochoid. 

e now take the converse problem—namely, given a plan sys- 
tem, to find the ing trochoidal systems. This might be 
easily done algebraically from preceding results, but a simple geo- 
metrical construction will much assist the beginner, who rarely can get 
the true phase of a figure out of formule. It is required first to con- 
struct the real velocity and direction of a planet at any point of its 
curve. The pana is, at any given instant, moving forward perpen- 
dicularly to the radius of the deferent with the velocity a, while the 
planet is moving perpendicularly to the radius of the epicycle with a 
velocity nb. The composition of these two velocities gives the real 
motion and direction of motion of the planet for the time being, and 
shows us how to draw the tangent of its curve. 


Fig. 3. 


Let om and mp (fig. 8) be radii of the deferent and epicycle (not 
drawn) ; and from Pp, the planet, draw px and P y perpendicular to 0 m 
andmp. Make px to py as atomb,and complete the parallelogram 
PX¥z. Then Px represents the motion, for the instant, of the whole 
epicycle, and pr y the motion of the planet in the epicycle ; whence Pz 

the planet's actual velocity, and rp z is tangent to its curve. 
In the first of the figures the epicyclic motion is direct, and in the 
second retrograde, the arrows showing the direct motion of revolution. 
Also, for variety, the planet is placed much nearer to its pericentre in 
the second figure than in the first. 

Draw PRS per icular to pz, meeting 0Q and om in sandr. 
Then, the sides of the triangles ars, PMR, being severally perpendi- 

co 
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cular to those of pz X, these three triangles are similar to one another. 
Hence 
PQ (=a): QS: PX: xX2:: a: nb, orgs =nb 


pu (=)) MB i; aXi XP ti abt a ormR= =. 


In the second figure, or when the epicycle 
always be found that R and 8 are in 
first figure, as drawn, is 


is greater than 
had been less than 1, P 
0Q; but in all cases of direct epicycle, one of the sides o x 


os =b(1+n), Qs=ba 
Epicycle retrograde { 1 a 
on = a(1 +), 


os =b(n—1), Qs=ln 


fore tase? 


wy pe A aphean Qs = bn 
a< 1 a 
on=a(=~1), Qs=5 


We can now immediately show that every planetary curve can be 
trochoidally described in two ways, it bei 
trochoidal curve can be planetarily descri in two wa: 
tha 0 nnd 0 0 a6 Soe sise toe precy PRR Ree 
system, since de; only on a, 6, and n. 
the planet Boon fs ae revolve in circles about 0; and if we now 
pass to a trochoidal system in which o 8 is the radius of the fixed, and 
mu R of the revolving circle, the point p, connected with the revolving 
circle by the arm »™ P, will describe a trochoidal curve which is identi- 
cal with the planetary curve, from the elements of which its circles were 
obtained. Or 08 may be made the radius of the fixed circle, and Qs 
of the revolving circle, the arm of connection being QP. For instance, 
if we take the retrograde epicycle, and make 


¥=b(1+n), R=bn; thenb=Fr—R 


a=-—— 


F—R’ 


every peed ae 52 
choidal and externally hypotrochoi 


of contact of the circles (rn or 8) is normal to the curve, or perpendicu- 
lar to the tangent, it follows that in the epicycloid and id, 
the two chords which join the point that traces out the curve with the 
two extremities of the central diameter of the rolling circle are, one 
tangent, and the other normal, to the curve. 

We shall now pass on to the consideration of the varieties which 
planetary curves offer; and first we have to separate some extreme 


or critical cases from the rest. These are when n = 1, 0, or — 1, for | mak 
clic 


we shall now begin to distinguish direct from 

motion by making n negative in the latter case. When n = 1, P (jig.1) 
will be always in bo ca of oM, either at B or ¢, as it was first 
placed ; consequently the etary curve is here only the apocentral 
or pericentral circle of cases, If» = 0, P will always colttide 
ith c; now © describes a circle equal to the deferent, but having its 
centre at K, 0 K being equal to the radius of the epicycle. Ifn= = 1, 
the angle cm P (fig. 4) is always equal to MON, and the triangles FOX, 
oP, are similar ; whence & P, or twice 1 P, is always a given proportion 
of # x, the ordinate of a circle: it follows, then, that the p! 

curve is an when n=—1, But when a = b, the point r 
always at H, in the line on, and the curve is as much of the 
straight line o as extends from twice o M on one side to twice o M on 
the other. at the trochoidal character of these varieties, we 
have, when n = 1, either ¥ = 0, k = b, or F = 0, k = a; that is, the 
curve then described is made by a circle revolving round a point in its 
circumference ; in both cases we have a circle. But when n = 0, we 
have vp = b, n = 0, or the trocheidal curve belongs to a point connected 


with a circle of no radius, which revolves on a circle of the radius b, or 
OK. This is one of those extreme cases which are rather interpreted 


Fig. 4. 
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than perceived [IytenrretatTion]: if 


from kK, it can never tnake any 


a circle of 
and the arm, « 0, which 
acircle. It 
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make but little progress on the 
}during which c will describe many 
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circle rolls inside another of double its diameter, ev 
to that circle, internally or externally, describes an ipse 5 
point on the circumference of the rolling circle describes a straight 
the extreme limit of an ellipse, 
Since we can always suppose the lesser of the two circles to 
epicycle, and the greater the deferent, when there is a lesser and — - 
geo pragihoad joc remap yar 4, epicycle and 
ferent are eq) , 80 that all the pericentres are in the centre 
for now the epicycle always passes through that centre. 
yr romp 0 Se ee ae 
extreme. We now go on to gen qui ;namely, having 
epicycle lees than the deferent, and having both radii wiven, 
forms of all the varieties of the planetary curve which arise 
giving different values to n. 
We may recapitulate the formule first given with their 
cyuls y tha rat of the angeles valocey of tis planed la tha epi 
eb, ratio loci ti e 
Tos wt ihe eplapeis sand tas Aatent ie seh is negative 
i i by the centre 


F 
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Hs 
FFs 
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time 
180° + (n— 1), this meaning, when positive, that 
ged has gained neni cscs toneats of 
w 
that 


ie 


en negative, that the radius of the deferent has 
of the And the apocentral velocity of 

a+nb, n having its proper sign, its absolute revolution round 
centre bei phat shentiany ane See 
i gh capex velocity is a—nb, to be interpreted 
same manner, the soneeceing Sy ne 
the radii of the fixed and rolling jes, and ¢ the length of 
which carries the moving point, measured from the centre of the 
circle to which it is attached, we have either 


ane 


i 


é 
i 


i 


¥=b(1—n), R=bn, O=a, or F=a@ (1 -;), am oF o=b, 
where # is to have its proper sign, and 


¥ positive, x positive, denotes an epittochoidal system 


F negative, R positive . . . t Cesectal hypitccetnekAal Keli 


¥ positive, # negative . . . . internal hypotrochoidal system ; 


8. s 
I, When n diminishes from a great value down to a+ 
first suppose m very great and positive, so that the angle from apocentre 


WAN 
KE 


. = 


the 


to is small, the apocentral revolution direct, the pericentral 


retrograde, Passing to the trochoidal systems, both circles are large in 
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NT a tee ee 
and i i in epi-s; ; e 
Blewett hee eile eee eeieenterensce of he rolling civole ia the exter. 
nal by , and far without it in the epi-system. All this must 
be collected from the formule The curve is then of the foregoing 
The angle during which the revolution of the planet is absolutely 
retrograde is always thus found :—Determine ¢, from the equation 
@+Bn 
oon (81) O,= — Sota)? 


which can always be done if the second side be less than unity, Then 
the retrogradation begins when ¢=9¢,, and ends when 
$= aI ~ Me 


The cusps haye given way to points of contrary flexure, as in the 
following figure 


qe 
The way to find these points of contrary flexure is as follows ;—Find 
%, from the equation ; 
+P ns | 


As » diminishes, the from to pericentre increases ; the a ae: 
p04: me Rei mcuategrtane cians aoe poche ete | then there is one point of contrary flexure when ¢=9,; and another 
Grows exall exoeghs, being oll so lige that a wb, the loops congy €o when eax 

| 9 Ke 


‘Towards the end of this division the character of the curve may be 
much affected by the relative value of 6 and a. At the epicycloid, 
when n= a-~ b, the angle from apocentre to as subtended 


to b, all these curves have the lower points 
itself, but as n diminishes down to unity, the 
and slower; and when n=a--b, or 1, ceases 
apocentral circle itself being the hypocycloid of this 


diminishes from a+b down to 1. When n has 
a+b, the angle from 
the velocities at both places 
systems, it is now without the rolling 
external hypo-system, but within that of the epi-system. 


As n diminishes, these points of flexure, after approaching somewhat 
towards the apocentre, cease that approach, and begin to return to- 
wards the pericentre, in which they are lost when n has come down to 
the square root of a. But this time they do not unite in the cusp 
from which they came, but the convex part of the curve disappears, in 
such a manner as to give a remarkable straightness to the parts adjoin- 
ing the pericentres, 

When n is less than 4/ (a+b) the curve is always convex, and the 
angle from to pericentre perpetually increasing, the descent 
may be made as slow as we please, as in the following :— 


At the limit of this case, when n becomes 1, all descent ceases, and the 
tral or pericentral circle is all that is left, as before described. 
At the beginning of this section of curves, the planet was upon the 
rolling circle in both trochoidal systems: it immediately passes out- 
side the rolling circle in the external hypo-system, and inside the 
rolling circle in the epi-system. Moreover, in the former the fixed 
circle smaller, and the rolling circle approaches the epicycle, so 
that when n=1, the external hypo-system is merely the epicycle re- 
volving round a point in its ci erence. But in the latter, as 
age arg to 1, the rolling circle approaches the deferent in size, while 
e fixed circle becomes smaller and smaller: its extreme case coin- 
cides with the extreme case of the dormer ayer 
Ill. When n diminishes 1 to 0, angle from 
tre, or the angle of descent, as we may call it, which left off 
ite at the end of the last section, immediately becomes yery grea 
and negative when is a little less than 1; indicating that the t 
is performed by the radius of the deferent gaining upon that of the 
epicycle, instead of the contrary, The curve is always concave to the 
centre, and at first, in its long folds, much resembles that of the last 
diagram, But as n diminishes towards 0, the angle of descent: becomes 
less and less, and is only —180° when n=0; and during this time, the 
descent becomes more and more circular, until, when »=0, we have 
nothing but the circle with centre k and radius KB, as before explained 
(fig. 1). As to the trochoidal systems, the external hypo-system and 
the epi-system have changed formule; in the latter, the fixed radius 
changes from 0 to 6, and the rolling radius from 5 to 0, the planet 
being always outside the rolling circle ; the extreme case has already , 
been explained. But in the former system both radii increase without 
limit, and become infinite when n=0, the planet being always within 
the rolling circle. The extreme case must be thus explained [Inri- 
NITE]: to construct a planetary curve in which the epicyclic motion is 
very slow compared with the deferential, by means of its external 
hypo-trochoidal system,.we must take both radii, fixed and rolling, 
very large, and the larger the slower the relative epicyclic motion, 
without limit, : 
IV. When n ineréases negatively from 0 to —1. The angle of descent, 
| which left off at —180°, now diminishes in amount, being still nega- 
tive; and by the time n= —1, it brings us, as we have seen, to an 


ellipse, which’ gives —90°, The apocentral and pericentral velocities 


tre to. 


—+—~ 
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are still positive throughout this section, and the curve is a series, of 
shorter concave descents. The final ellipse has a+ and a—b for the 
semi-axes, 


Both the trochoidal systems are internal hypo-systems, the planet 
se inside the larger of the rolling circles, and outside the smaller. 
At the extreme case, the ellipse, the two are the same, and in 
both cases the fixed circle becomes double of the rolling circle in 
diameter, Before the extreme case, the greater rolling circle belongs 
nigh = fixed circle, and the less to the less. b. Something 
: n increases negatively from —1 to —a: 
resembling the last continues (the angle of descent still diminishing) 
until that angle is too small to allow of a descent wholly concave. By 
the time n becomes —~/ (a+b) the descent is almost a straight line, 
’ except very near the apocentre, and when n is greater than 4/ (a0), 
taken negatively, there are points of contrary flexure dividing the 
convex from the concave part as before, 


These points of con flexure do not, as before, return to the peri. 
centre at which they) bakin but as » varies from — ~/ (a+b) to 
—a-b, they run up the are of the curve, and unite at the apocentre, 
when n= —b-+-a,inacusp. This cuspidated curve is the hypocycloid, 
and up to this point both apocentral and pericentral motions are 


only change that has taken place during this time in the tro- 
8 is a continual increase of both circles in one of them, 
Derg terann gh tap dete’ other. Fondant pon 
e ircles are thus brought to e planet, 
fixed become equal. Les 
is a+b, those of the roi circles are a and b. 
VI. When n increases negatively from —a:b. We left off with the 
cloid at which the apocentral motion (in revolution) is nothing. 
is apocentral motion afterwards becomes , the tral 
in to be form = 


na 


a 


& 
E 


i apocentral loops begin 
f retrogradation, in which the planet passes through 
a loop, may be found from a preceding formula, 


ui 
: 


common radius of the fixed | 22d pericentral 


crease without limit with », while in the other the fixed circle 
petually becomes more nearly equal to the deferent, while the 


the radius of the epicycle, ” and 
deferent : or a revolution in an epicycle whose 
imit yay is never —— 5 
w » is infinite, eae over the whole space between 
ms the dete and ve ) 
en the deferent epicycle are equal, or a=), the epicycloid 
becomes the apocentral circle, and ypooycloid the i 
The other curves take various 
diagrams : 


eke 


ee or 
There is never an sensible are of retrogradation ; all the 


tion, as it were, place suddenly at the tre, that is, at the 
prey so We shall leave the further investigation of these cases to the 
student. 

When n=2, the angle of descent is always 180°, and the e 

has the rolling and fixed trochoidal circles equal, and is a curve 
somewhat like a heart, whence it is called the cardivide, 


On these curves generally we may remark, that their minor modi- 
fications of form are very various, The descent through a point of 
contrary flexure, for example, gives two’curves of vi i t figures, 
according as the angle of descent is more or less a right angle ; 
and the loops may be made very small or v 


from one to the other : the latter xe Saar greater than this angle 

of descent before the pericentre is arrived at, and then diminish down 

to the angle of descent, : 
Let us now suppose the deferent to become a straight line, or a=, 

and let the centre of the be carried along this line with a 

velocity a, while the planet moves in the epicycle with an 

poops 4 in theoretical units. Curves will now be described w: 

are 


deferent to be a circle of great 
whether the epicyclic motion be direct or 
, we have a series of interlacing loops; when v becomes less 
oops separate; when a=yb, the loops 
and when a is greater 


Ht 


ito 
have the eycloid ; vb we have a series 
of undulations with of contrary flexure. All this may 
sented by a system in which a circle rolls upon a 


nh 


line, carrying with it an arm to which the planet is attached 
bers " 
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The diagram in Morton, col. 796, exemplifies the three species of 
trochoids. ? 
To su the epicycle infinite leads to nothi : but if we now 
a road ‘sugeee 


what is equivalent to a straight line rolling round a circle to which 


Biya WONG Joc) DOMES. Sate UGE 
of the radius vector. [Srimat.] They are not of much use 
to 


values 
ban oe repe emer trochoidal curves must be studied to aid in 


forming a conception of the effect of combined circular motions : 
one instance of their application is that of the apparent 
motions of the planets. These apparent motions must be exactly | fry 


what would take p! if the earth were at rest, the sun revolving in 
Gel ie the muir of an oleysle aqua to ts af the plancts orbit, in 
i of an to ’s orbit, in 
Me akinen, ied tise the mcinycle and dalieutt 
are may in the case of one of the superior planets use 
the planet’s larger orbit as a deferent, and the sun’s smaller orbit as an 
epicycle. in, since the planet of the smaller orbit always has the 
ter velocity, the ratio of the epicyclic to the deferential 

i it being the epicycle, greater 
e, the loop of its 


ins and retrogradation, the tangent of 

the apparent orbit passes through the earth, and the planet, moving in 
does not sensibly change its apparent position in the 

it i . I 


en, 
general figure of the apparent orbits, giving the ratio of 
the of the epicycle, when the smaller of the two 
orbits (sun’s round the earth, and planet’s round the sun) is the epi- 
cycle, and the larger the deferent, and also the ratio of edhe 2 
n 


a+b n ab 
Mereury . - 258 4°15 Jupiter + &20 11°86 
Venus . . 138 1°63 Saturn . . 9°54 28°78 
Mars . « 152 1°88 Uranus « 19°18 84°01 
Small eo» 24 36 
Planets to 28 to46 


oat from 70° to 50°; for Jupiter, 16°; for Saturn, 64°: for 
rani A angles will be the angular distances 
Thus, to construct the orbit 


E 
ESS 
5 
+ 
z 
= &,~ 
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succession of radii each at 57° to the preceding, draw the ascents and 
descents in the manner of the figure in § L, and the result will give a 
idea of the orbit for mental purposes. 
one loop to that of the next is, 
a ; that is,a year of the inferior 
or each inferior planet, and a year of the earth for each 


the earth’s orbit, } 
and n is about 13; 
is less than 4/400, or 20, the moon’s real orbit round 
has neither loops nor flexures, but is always concave to the 


) of this subject labours under the same dis- 
as the more popular , namely, the adoption of the 

i the curves, which, though it gives really 
equations as the planetary mode, embarrasses the question 
introducing more compli formule, If we take the line drawn 


before, let @ be the deferential angle, Fike 
the rectangular co-ordinates of a point in the 
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zZ=Gcos pth cosnd, y=asin +b sinnd 
which are the fundamental equations of the curve, Here a and} are 


both positive, @ (and also @) vanishes at the apocentre, which is on the 
positive side of the axis of 2, and » has its proper sign. Butif we 
place a pericentre on the positive side.of the axis of x, other things 
remaining the same, we have (2) 

z=a cos ~—b cosnd, y=asin o- basin np. 

Tf the last terms stand thus, (3) 

x=acos > + bcosnd, y=asin > + sin nd 

they may be reduced to (4) 
z=acos o+ bcos (—n¢), y=asin » +)sin(—n¢) 


or the case is one of the preceding, the ratio of the velocities being —n 
and not x. If the first terms be negative, change the signs of x and y, 
and let the curve thus found make a half revolution : but if the first 
terms differ in sign, the equation is reduced to one of the preceding 
cases by changing the sign of # (and of n, if necessary), which shows 
that what we had was the equation to the curve as described by a con- 
motion ofthe deferent, All this, however, has only reference to 
the reduction of a 2 egkcrieh equation to the form (1), which we shall 
use throughout, From (1) we readily find 
7 =a*+0?+2abcos(n—1)¢. . (5) 

or the passage from apocentre to pericentre, or from r=a+b to r=a— 
b, is performed, while cos (n—1) ¢ changes from 1 to —1, orn—1o 
from 0 to x, or to —z, according as nis > or < 1. We also have 

asin ¢+b sin np 
“acosp+bconp * * * * (6) 


To determine the period of retrogradation, if any, we rhust differentiate 
the preceding, which gives 


2 =c+ Uintah (14m) 008 (n—1) 9.» « (7) 


and there is retrogradation when the second side is negative, from 
whence the formula already given is deduced, and the condition that 
nb must be numerically greater than a (a being throughout supposed 
greater than b). The following formula will help to obtain this 


condition:— 
_ (@—P) (x? P—a?) < 


@+Pn 2 ‘ 
ni es ab (l+n)- aN. 


From the preceding formula (7), it is easy to obtain 3 /7*d 6, the 
area included between two radii and the curve. But this is subject to 
the interpretation of that of the area which is contained between 
two radial tangents to a loop, and the lower part of the loop being 
negative: the total result of which is that the area inside the loop is 
counted twice, and all the rest once. 

To find the are and points of contrary flexure we must deduce the 
following equations (9, 10) :— 


tan 6 


i 2 Fie =a +0 08 4 2adn cos (n=) 9 
“ ct -¢ oS =a? +b? n'+ab (n?+n) cos (n—1) 9 


The second formula changes sign at the points of garg’ flexure, 

whence,the criterion before given is determined, by help of the follow- 
11) :— ; 

ing (12) { a +b? n§ }'= 1+ (7 n? —a?) (1? n!—a*) 


ab (n? +n) a (n? +n) 


The various double points are thus determined. Let ¢ and ¢' be 
the two deferential angles belonging to a double point, the first 
when the curve passes through it the first time, and the second 
for the second. Since the value of r is the same at points, we have 
cos (n—1) p=cos (n—1) ¢’, whence we have 


(n—1) 9%’ =2krt(n—1)o. . (12) 

k& being a whole number, positive or negative. If +(n—1), the angle 
of descent, be called p, ‘we have ¢/=2ku-+¢; and if we "substitute 
this in the equations (1) remembering that na =m + m, we find, by 
ordinary develo; » that the following equations 
exist between the co-ordinates of every double point : 

a=cos2ky.cfsin2ky.y, y=sin2ky.x+cos2ku.y. 

These two equations should be really the same, and they are so 
if we take the lower signs, in which case they amount to the 
following : 


y=tankp.x, O=kyp,orku+n. 


If the higher signs be examined, it will be found that the two 
equations are not identical except when 2k = 2/7,/ being a whole 
number, which can be true only when n is a commensurable fraction. 
But this case being further examined, shows that no double points are 
indicated, but only that the curve itself is repeated in all its points 
after a proper number of revolutions of the deferent, as is otherwise 
sufficiently obvious. Consequently all the double points of a trochoidal 


~ 
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eurve lie in tral or pericentral radii, or in the radii te to 
them. Seetaeee ton a dn thedponians tne ten beats 
equation is easilyjreduced to 


asin (@ — kp) + bain (ng —ky) = 0; 


from which the values of ¢ which belong to double points answer- 
ing to different integer values of & are to be obtained by approxi- 
mation. 

The radius of curvature of any trochoidal curve is obtained from the 
formule (9, 10), and is as follows :— 


{a® + b?n? + 2abn cos (n — 19}? 
a? + b?n® + abd (n? + n) cos (n—1) @ 


It never becomes nothing at the cusps of the epicycloid or 
hypocycloid ; nor infinite except at the points of contrary flexure, or 
at the tre in the case o} t apres to straightness alread 
alluded to. The equation of the I Evolute [InvoLurr anp Bvocvrs), 
E and » being co-ordinates of a point ip it, is involved in the following 
equations :— 

a=a(1—r«) sing + b(1 — nx) cosnd 
€ =a (1 — x) cos ¢ + b (1 — nx) cosng 
_ a + Pn? + Qabncos (n— 1) 
& bein a + Bn® +ab (n®? + n) cos n—1) 


The evolute, then, of a trochoidal curve may be described as of an 
extended sort of planetary character, having an epicycle of variable 
size, and radius 6(1—nx), which moves upon a deferent, also of variable 
size, whose radius isa(1—x). In one remarkable pair of cases this 
variation of the elements of the evolute ceases, namely, for the epicy- 
cloid and hypocycloid. If t?n?=a*, we find that « becomes the con- 
stant 2+(1+n), and the equations of the evolute become those of a 
new bp ame or hypocycloid, having its vertices at the cusps of the 

i involute, 

he arc of the Loe yosip 4 curye ay St pe manos oe 
previous rectification of an ellipse, except in the case of an hypocyc' 
or epicycloid. In the former case the are measured from the apo- 
centre or cusp, formed while the deferential angle » is produced, is 


4ab b 
ars i — om 35° ¢ 


and the whole are of descent is 4ab--(a¢+), Tho same for the 
epicycloid, the apocentre being now a vertex, is 

4ab |. a—b 

aa Sin 3G #3 


the whole arc of descent being 4ab+(a—b). All the preceding 
formule may be reduced to those of the trochoidal form by the 
general equations before given. 

The equations of the cycloid and simple trochoids may be, in an 
article like the present, best deduced from those of the double circular 
a Remove the origin from the centre to the circumference of 

e deferent, we have then for the equations— 

=—a (1—cos o) +bcosng, y=asing+bsin ng. 

Let a increase without limit, and let s be the are of the deferent 

described with a velocity a, while v is the absolute angular velocity of 


a+ 


the planet round the epicycle, We have then s=a¢,anda:s:: ving. | P 


Substitution gives 


z= —a(1—cos~) +b 0088, ymanin + bsin~2; 


of which, when a is increased without limit, the ultimate equations 


are— 


v v 
x=b cosy 8, : y= +b sin = 3; 


which are the equations of the common trochoidal Here an 
moves up the axis of y with a velocity @, while a planet 
revolves in the may with the angular velocity » When vb is 


numerically greater a, there is a curve with loops; when vb=a, 
one with cusps ; and when vé is less than a, one with undulations and 
contrary flexures, 

To get the equations of the other extreme case, we must reduce 
the planetary form of the general equations to the trochoidal, which 


w= (F +R) cos @ +0 cos (**+) 
y=(v+n) sing +oxin (~="9 ) 


Let c=H—R: that is, let m be the distance of the planet from the 
circumference in contact of the rolling circle. Bubstitute for o, 


nea (gete) minan (este) 


into their binomial forms, and then increase the rolling circle without 


limit. The ultimate equations will bo found to be 
t= (P +H) cos p +Fosin p —- 
y=(¥ +H) sin p—Fp cos > 

Here a tangent rolls over the fixed circle, with it a 

attached by a arm of the H. u=0, we 

the involute of fixed circle; but if m= —r, in which case 

ry Point tein SEE eee 

r=Fo, 0=o —jr, which gives the spiral of We have 

touched slightly on these extreme cases, but the mathematical student 


will find it o useful exercise to develop them 
tion 


Tn conclusion, we wish to call atten’ to fact that the 
mens of curves in this article are all entirely the prod 1 of 
machinery, ie Se naed Be ee to the kindness of Mr. Henry 


i 


of the effects of double and treble motions, as shown in various 
ponictry Beare seme Most of those given in this article were 
executed in his lathe by means of 's geometric chuck, a 
wance the results of which are well known to turners, but which 
ve never been exhibited, as far as we know, in any article professing — 
to give a mathematical classification of them. at 


The preceding is the curve called the trisectrix in the article Trr- 
SECTION: it is a wood-cut made in the usual way from a drawing made 
in the lathe; all the rest are cut in the lathe. 

TROMBONE (Italian, great trumpet). This ancient instrument was 
formerly khown in England under the name of sacbut, from the old 
French saquebute. It is a deep-toned trumpet, com 
tubes, by means of which every sound in the 
scales, being within its compass, is obtained in perfect The 
trombone is of three kinds,—the alto, the tenor, and the base, and 
together, forming a com- 


is from 0, the second space in the base, 
to @, an octave above the treble clef ~~ me 


Ss 


The scalo of the tenor-trombone is from B, the second line in the base 
to A, the second space in the treble :— 


iy 


9 * 
TROPHY (rpémaoy, tropaeum) contains the same root as the Greek 
vat vpioee oman te oot ia lait? aad oes g 

a sign or memorial erected on the spot where an enemy had 
quered or put to flight, ‘The custom of erecting such memorials 
victories, either on the field of battle or in the capital of 

nation, has been more or less common to all nations from the 
remote to the most modern times. It was most general among the 


z France, or of the Langue d’Oil. The trou 
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SERN POMAE Yourent to tho place where the victory wae gaith Be 
trophy in Greece after a victory on land appears to have consisted of a 


dedicated to some divinity. It was customary not to make trophies of 
very durable materials, in order not to perpetuate the disgrace of a 
defeated enemy or to keep up any ill-feeling for too long a period. 
But this was not always observed. After a naval victory the trophy 
adorned with the beaks of the captured ships of the enemy, 
and this ctistom was adopted by the Romians at an early period. The 
Romans down to the latter period of the republic never erected any 
on the field of battle: the spoils of a vanquished enemy were 
distributed among the soldiers, partly dedicated in the temples 

of the gods, and partly applied as ornaments for other public buil 
and places. When however the Romatis adopted the custom of raisi 


i 


ment of Capricornus, 
TROUBADOURS, the name given to those poets in the Romance 
, or Langue d’Oc, who lived in southern France, eastern 
fone and northern Italy, during the 12th and 13th centuries, 

OMANCE LANGUAGE. @ name is a French form, from the Pro- 

vencal “ trobador,” a derivative of the verb “ trobare,” “ to find,” and 
tmeans an “inventor.” The word “ Trouvére,” in northern French, 
had the same meaning, and served to designate the poets of northern 
ours were distinct from 
the jongleurs: the former were the real poets, and many of them were 

i and men of noble birth, who occasionally occupied themselves 

poetical composition; whilst the jongleurs were strolling min- 
strels, who did not com poetry, but sang the lays of the trouba- 
bours, and accompanied them with their musical instruments, and 
thence derived their subsistence. Many of the troubadours however 
were skilled both in music and singing; but those who were not, re- 
tained a jongleur in their service. According to the spiritg@f chivalry 
the nobles kept ethene for all the wandering followers of war an 
ininstrelsy, and requited munificently both poets and musicians 
for their exertions to amuse them. 

It was in the south of France that the poetry of the troubadours 
ato That fertile region, blessed with a genial climate, had 

less from the irruptions of the barbarians than the northern 
provinces of the kingdom, and had retained more of its old Roman 
Civilisation : it hardly felt the civil wars of the Merovingian dynasty, 
and escaped the devastations of the Normans; and during the decline 
of the Carlovin; it became independent of the French crown by 
the revival of the kingdom of Bourgogne, or of Arles, and by the 
er of the great the counts of Toulouse and of Poitou and 
dukes of Aquitaine. At the pe ie of the 12th century the 
counts of Barcelona acquired by e the possession of Provence ; 
and the whole region bordering on the Mediterraneati on both sides of 
the Pyrenees, from the Ebro to the Var, became subject to one dynasty, 
whilst the ple spoke the same, or nearly the same, Romance dialect. 
Tt was in 2th century that the poetry of the troubadours attained 
ita ection : that poetry was essentially lyrical and mostly amorous, 

was characterised by simplicity, or rather paucity, of ideas, and b; 

4 strained refinement of expression, and peculiarity of form, whic’ 
made it quite distinct from the classical models. In that age and 
country of chivalry, every noble beauty had in her train some admiring 
; and every poet selected some fair lady—sometimes the daughter, 
oftener the wife, of the nobleman to whose retinue he was attached- 
—for the object of his poetical ion and the subject of his song. 
It was a ical attachment, although it sometimes ended in a real 
one: its expression was artificial. These remarks apply generally to 
-troubadour amatory poetry, to which however there are exceptions. 

(Sismondi, ‘ Littérature du Midi de l'Europe.’ 

The troubadours wrote also at times of loftier themes. Some of 
them, who had followed the Crusades and shared the dangers of 
Eastern campaigns, sang after their return the valiant deeds of the 
soldiers of the Cross. Others wrote to animate the Christian princes 
to deliver Palestine from the yoke of the Moslems. Others, especially 
about the time of the persecution of the Albigenses, wrote bitter 


satires against the persecutors, the Inquisitors, against the priesthood, 
the hierarchy, and against Rome itself. That persecution was one of 
the causes of the decay of troubadour poetry in the 18th century. 
Many of the troubadours perished, or fled and died in foreign lands. 
Afterwards Charles of Anjou, who had become count of Provence by 
marriage with the heiress of the house of Barcelona, having removed 
to Naples, took with lim many Provengal knights and ladies to grace 
his new court. There they found a new language, the Sicilian or 
Italian, which was rising into maturity and was well calculated for 
postry, and it became the favourite language of the Anjou court. 

en, in the following century, Queen Joanna I., being obliged to fly 
from Naples, returned to Provence, she endeavoured but in vain to 
revive the study of Provencal poetry; and when, many years later, she 
adopted Louis, son of King John, and the head of the third house of 
Anjou, that prince, who thus became possessed of Provence, spoke the 
Langue d’Oil, or northern French, and had no taste for the Provengal, 
His grandson René, duke of Anjou, count of Provence, and nominal 
king of Naples, made in the following century some attempts at re- 
viving the poetry of the Langue d’Oc, but the race of the troubadours 
was now extinct, and the oy result of his exertions was the collecting 
and compiling the lives of the old troubadotirs by the monks of the 
isles of Hyéres, and after them by Hugues de St. Césaire. 

At Toulouse however efforts were made to revive troubadour poetry. 
The “ Capitouls,” or manicipal istrates of that city, established an 
academy called * Del Gai Saber,” or “ of the gay science ;” and seveti 
of the best rhymers of the place, styled “the Seven Troubadours of 
Toulouse,” were placed at the head of it. They fixed —s the 1st of 
May for holding an annual public festival, to which they gave the 
name of “ Floral Games.” The first meeting was held in 1324, and 
was attended hy many poets from various parts of Languedoc. Maistre 
Arnaud Vidal de Chateauneuf d’Arri obtained the prize, and graduated 
as doctor of the gay science in consequence of a song in honour of the 
Virgin. The morality of troubadour poetry, however, underwent a 
reform under this new institution. It was forbidden by the statutes 
of the Academy to recite any composition on the subject of unlawful 
or ailulterous love, a frequent theme of the old troubadours, The old 
language of the troubadours has long since fallen into disuse, and has 
given way to various patois, the Languedocian, Provengal, Poitevin, 
and others, 

See for a thorotigh exatitiation of troubadour poetry, with examples, 
Raynouard, ‘ Choix des Poesies Originales des Troubadours,’ 6 vols. 
8vo., Paris, 1816-21; ‘ Lexique Roman, avec un notiveau Choix des 
Poésies Originales des Troubadours, Paris, 1836; also the work of 
Professor Diez, ‘ Die Poesie der Troubadours.’ 

TROUS DE LOUP, in the military art, are pits dug in the ground 
in the form of inverted cones or pyramids, in order to serve as ob- 
stacles to the advance of an enemy: etch is made about six feet in 
diameter, or in breadth, and as many in depth, and a pointed stake is 
planted upright in the bottom. The pits should be disposed checquer- 
wise in two or three rows, their centres being at distances of about ten 
feet from one another ; and their sides should have such a slope that 
the enemy’s riflemen, should they attempt to occupy them, may not 
be concealed in them from the view of the troops whom the pits 
protect. 

The earth obtaited from the excavations should be formed into a sort 
of glacis within the line of pits, in order that the enemy may not use it 
to fillthem up. Trous de loup are generally formed before the salient 
points of field-works or in the intervals between them; and they are 
sometimes executed in rear of such works in order to protect the 
gorges when these are without parapets. 

ROVER (from the French word trowrer, “to find”), the name of 
an action invented for the purpose of ascertaining the right, as between 
the plaintiff and defendant, to the personal chattels which are the 
subject of it. This action is maintainable by one who has either an 
absolute or special property in the chattels and also a right to posses- 
sion. Thus it may be brought either by the actual owner or an occa- 
sional bailee, a carrier, &c., or a mere finder as against all except the 
rightful owner, The declaration formerly stated that the plaintiff was 
lawfully possessed as of his own property of certain personal chattels, 
naming them distinctly, their amount and value; that he afterwards 
casually lost them, and that they came into the possession of the de- 
fendant by finding, who, afterwards converted them to his own use; 
for which the plaintiff claimed damages. This form and the fiction 
respecting the loss and finding of the goods were contrived for the 
purpose, by assuming a right of possession in the defendant, of enabling 
the parties to try the bare question of right. These fictions are not 
now used; and the fact of conversion, which is the gist of the action, 
is ESS by showing that the defendant upon request refused to 
deliver up the goods, or has destroyed them, or has assumed the right 
to ie good of them. When an act of conversion has once been com- 
pleted, no subsequent act by the defendant can, as is said, “ purge the 
conversion ;” that is, the right of action, having once vested in the 
plaintiff by the act of conversion, will not be divested by any subse- 

nent act of the defendant. But such a subsequent act, as for instance 
the return of the goods, may reduce the damages to a merely nominal 
character.. The action is not maintainable by one joint tenant, or 
tenant in common, or parther against another, unless in the case where 
the chattel has been destroyed by the other, This rule is founded on 
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principle that the possession of one is, by reason of the joint pro- 
oot of in held to be the possession of all, and therefore no act of 
conversion can be said to have been committed. P 

The answers to this action are, a denial of the property of the plain- 
tiff in the chattel; or the statute of limitations, namely, that six years 
have elapsed since the act of conversion was committed; or any cir- 
cumstances showing that the defendant has a right to detain the goods, 
as from having a lien upon them, &c. 

The plaintiff must prove that the nature and value of the goods are 
as stated in the declaration, If he succeed in obtaining a verdict, the 
jury may give damages to the amount of the value of the goods, and 
also such sum in addition as may cover the amount of interest during 
the time subsequent to the conversion. This action differs from the 
action of detinue as being brought to recover damages, while the 
object of the action of detinue is to recover the actual goods in specie. 

Derry 


NUE. 
TROY WeIGHr. Neither the etymology nor the time of intro- 


duction of this denomination is well known. The received opinion is 
that it took its name from a weight used at the fair of Troyes: this is 
likely enough, since we find more than one large town the weights of 
which became standards: thus we have the pound of Cologne, of 

‘oulouse, and perhaps also of Troyes. 
zn That there irae a oe old English standard pound of twelve ounces 
is a well determined fact; and also that this pound existed long before 
the name Troy was given to it, another. There were also the mer- 
chants’ pound of fifteen ounces, and the Tower pound, having twelve 
ounces of its own, but less than the Troy pound by three-quarters of 
an ounce, Though the troy pound was mentioned as a known weight 
in 2 Henry V., cap. 4 (1414), and 2 Henry VI, cap. 13 (1423), the term 
troy was not applied to the legal standard pound till 12 Henry VII. 
(1495). The merchants’ pound seems to have been the origin of 
Avorrpupotls weight. 

The troy pound has continued to be the legal standard down to the 
present time, though only actually used in weighing precious metals 
and stones, and apothecaries’ drugs. It had precisely the same limi- 
tation of use in the time of Fleta, who is supposed to have lived in the 
reign of Edward I. There is no doubt that it was originally the pound 
of silver, the pound sterling, and there is evidence that this pound was 
sometimes described as divided into twenty parts called shillings. The 
famous statute of Henry I. (1266) makes a standard for it from the 

ight of ears of wheat. 5 . 

e pound troy is now divided, for gold and silver, into twelve 
ounces, each ounce into twenty pennyweights, and each pennyweight 
into twenty-four grains. But for medicines, it is divided into twelve 
ounces, each ounce into eight drams or drachms, each drachm into 
three scruples, and each scruple into twenty grains. A cubic foot of 
water weighs 75°7374 pounds troy. [WerIcHTs anp Mxasvures.] 

TRUCK SYSTEM. TRUCK ACT. Truck, which means exchange 
or barter, has come to be appropriated to signify the payment of wages 
of labour in goods, and not in money, By the truck system is meant 
this mode of paying wages, together with the mass of its tendencies 
and results. The Truck Act, 1 & 2 Wm. IV., cc. 36, 37, is an act 
passed in 1831, which, repealing all the previous acts passed for the 
same purpose, provided anew and more stringently for the prevention 
of payment of wages in truck in the departments of industry therein 
enumerated. The wages of agricultural labourers and domestic servants 
are exempted frem the operation of the act. : » 

It is to be observed, in the outset, that the chief part of the evil of 
what is called the truck system is incidental, and not essential to the 
payment of wages in truck, and arises out of the power of the master 
over the workman, which enables the former to use this mode of 
paying wages to defraud and oppress the latter. A master may pay 
the wages of his workmen wholly or in part in truck, in articles of 
food, clothing, &c., either by agreement or with the understood con- 
sent of his workmen; and if he supply these articles at prices no 
higher than those at which they are to be procured elsew ere, and 
study to meet the various wants of the workmen and their families, 
the utmost harm that can result is the loss to the workmen of the 
moral and economical lessons which the disbursement by themselves 
of weekly money-wages is fitted to supply, and the interference with the 
business and profits of neighbouring retail shopkeepers ; and there will 


always in such cases be some advantage to set against these, so far as 
they go, evil results. Where the truck system acts ben , it is 
owing entirely to the justice and benevolence of the individual truck- 


masters. On the character of the master everything depends. In the 
hands of masters of opposite character, and under circumstances, 
whether of scarcity of employment, of isolated situation, or of combi- 
nation among masters in the same business, or through an extensive 
district, which place the workman more or less at the mercy of his 


, th ent of wages in truck may be, and continually has 
pes is . v extensively used for the defrauding and oppressing 
of workmen. 


owing is a summ of the Truck Act, often known as Mr. 
Lisaetonts Act, which was pelle in 1831. It declares all contracts for 
hiring of the artificers afterwards enumerated, by which wages‘are 
made payable wholly or in part otherwise than in the current coin of 
the realm, or which contain regulations as to the expenditure of wages, 
to be illegal, null, and void. All payment of wages is to be in money 


entire ; and any payment of wages in is declared illegal. W: 
bids have boon id otherwise than in the current coin of the 

are made recoverable ; and in an action brought for the recovery of 
es 30 set-off is to be allowed for goods given in payment of wages, 
or for goods sold at any shop in which the employer has an interest, 
Employers are denied an action in return against artificers for goods 
which ot been supplied in payment of wages. If workmen or their 
wives or children become See eeiths to the parish, overseers may 
recover from their a De wages which have been earned within 
three months previous, and haye not been paid in money. The poy 
on employers pep be illegal contracts or illegal payments of wages 
to be, for the first offence, a sum not greater than 10/. not less than 5/.; 
for the second, a sum not greater that 20/, nor less than 10/.; and the 
third offence is declared a misdemeanor, and the employer who has 
been convicted to be punishable by fine within the discretion of the 
convicting magistrates, but not in a sum than 1001. The con- 
victing justices are empowered to award a portion of the penalty, which 
shall never exceed 20/., to the informer. The penalties may be sued 
for and recovered by any one before two justices of the peace haying 
jurisdiction in the county, riding, city, or place within which the 
offence has been committed. No justice of the peace being engaged in 
any of the trades or manufactures enumerated in the act, or the father, 
son, or brother of such i 


the making, spinning, throwing, twisting, doubling, winding, weaving, 
combing, knitting, bk ing, dyeing, printing, or otherwise preparing 
of any woollen, worsted, yarn, ; Jersey, linen, fustian, cloth, serge, 
cotton, leather, fur, hemp, flax, mohair, or silk manufactures ; or in or 
about any manufactures whatsoever made of the said last-mentioned+ 
materials, whether the same be or be not mixed one with another, or 
in or about the making or otherwise preparing, ornamenting, or finish- 
ing of any glass, porcelain, china, or earthenware whatsoever ; or any 
parts, branches, or thereof; or any materials used in any of 
such tastaienticand trades or employments ; or in or about the makieg 
or preparing of bone, thréad, silk, or cotton lace, or of lace made of any 
mixed materials.” Domestic servants and servants in husbandry are 
exempted from the act. The 23rd clause declares that nothing in the 
act shall pfevent the supplying to artificers of medicine or medical 
attendance; or fuel, materials, tools, or implements to be used in his 
trade or occupation, if a miner; or of hay, corn, or other provender to 
be consumed by any horse or beast of burden, or the letting to an 
artificer the whole or part of any tenement, or the supplying of victuals 
dressed. under the roof of any employer and there consumed; and 
making deduction of wages on any of the above accounts, or on account 
of money advanced, “ provided always that such stop; or deduction 
shall not exceed the real and true value of such fuel, materials, tools, 
implements, hay, corn, and provender, and shall not be in any case 
made from the wages of such artificer unless the agreement or contract 
for such stoppage or deduction shall be in writing and signed by such 
artificer.” The interpretation clause (25th) gives a most extensive 
meaning to the word contract: “Any agreement, understanding, 
device, contrivance, conclusion, or arrangement whatsoever on the 
subject of wages, whether written or oral, whether direct or indirect, 
to which the employer and artificer are parties or are faeces. or by 
which they are mutually bound to each other, or whereby either 
them shall have endeavoured to impose an obligation on the other.” 

Such are the provisions of the Truck Act. Well adapted, as it would 
appear, for the purpose of protecting the workman this species 
of oppression by his master, it is yet extensively violated and evaded. 

TRUE, (Astronomy.) This word is used in a somewhat technical 
sense, The place which a star or planet ap; to occupy in the 
heavens is not called its true place, but that which it would occu y if 
the effects of refraction, , &e., were removed, that is, if the 
spectator saw from the centre of the earth, and without the light 
passing through any refracting medium. 

TRUMPET, a musical instrument of the highest antiquity, which, 
under different names and forms, has been known in all ages that have 
left any records, and in all countries, however remote from civilisation. 
Ménage derives the word from o7péufos, turbo, a shell, and this etymo- 
logy indicates the origin of the instrument, which still in what 
probably was its pristine shape among many barbarous tribes in dif- 
ferent parts of the globe. [Bucorna.] 

The trumpet is a single tube eight feet long, less in diameter than 
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the horn, ee ne come’. Wy means of a 
mouth-piece, and subject to same acoustical laws which govern all 
instruments of thisclass. [Horn.] The natural scale of the trumpet, 
as given by Karl Bargans, is as follows :— 

oteie = PE 
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“By the assistance of a small brass tube, called the tuning-pipe, or 
shank, by which the tube of the trumpet is above 
number of notes may be increased.” [HARMOoNICs. 

Music for the trumpet, as in the instance of the horn, is always 
written in the natural key of c, and the key to which the instrument 
is to be is pointed out by the fomposer. - 

TRUNCATED, cut off, or abridged. Thus the part of a cone or 
pyramid which remains when the vertex and parts adjacent are sepa- 
rated from the rest by a plane section, is called a truncated cone or 


G. The principle of trussing, as 


: ee 
framework of roofs, is under Roor. It remains to notice 


ts ¢ and e, is really in 


mecha 
shorter than the outer line formed by the conv 
obvious defects,” observ: : 


of the inclined bars, which os ene ae 
, called braces, by an iron rod stretching in a perfectly 
from ¢ to ¢, and capable of being brought to any required 
by means of screws or This addition makes 
the truss perfect in , its strength being limited only by that 
of the materials employed, which may be either iron alone, or iron and 
wood. In some eases the inclined bars are not continued upwards 
until they meet in an apex, and a third bar, in a horizontal position, 
AWTS AND SCI. DIY, VOL, VIII, 


very 
traight li 
of tension 


is placed between their upper ends. This horizontal piece resembles 
the straining-sill of a truncated roof, and the vertical bolts, of which 
two are used, take the place of queen-posts. 

In the paper by Mr. Ainger above referred to, it is observed that 
trusses on the above principle are difficult and somewhat expensive to 
make in an effectual manner; and a more economical plan is described, 
which, though not equally efficient, adds very greatly to the strength 
of the timber. The description is illustrated by a representation, of 
which jig. 2 is a copy, of a girder thirty-four feet long, used to support 


Fig. 2. 
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a leaden flat, and which had been found to stand without {sensible 
alteration for two years. The beam ad is cambered in a similar degree 
to that shown in jig. 1, and the trussing consists of a series of iron 
rods, a¢, ed, and d 6, pulling against iron plates or abutments notched 
into the timber at a and b, and connected together at the joints ¢ and d, 
by bolts similar to those used in the chains of a suspension-bridge, the 
rods ed being double, and embracing the ends of ac and db between 
them. The truss forms, in fact, a suspension-bridge, supporting the 
middle of the beam at c and d by means of small blocks inserted 
between it oe Hae: connecting: kp a ends of the truss, a and 4, 
are preven m approaching eac! er by the upper of the 
beam, which should therefore be ina se at ps cB art and in 
order that it may be so, notwithstanding the extension of the fibres by 
the cambering of the beam, notches may be cut about one-third 
through the substance of the wood, as at e,¢,e,¢,e, which, after the 
curving of the beam, are filled in with wedges of hard wood or iron. 
The upper edge of the beam is thus enabled effectually to resist the 
tension of the rods, the of which forms the only limit to that 
of the girder. Several varieties of this plan of suspension-trussing are 
given in Hebert’s ‘ Engineer’s and Mechanic's Encyclopedia,’ vol. i., 
pp. 158-161. It may be applied, like the former system, either to 
single girders or to those consisting of two flitches. Ainger gives a 
formula for calculating the size of the iron trussing-rods, which, for a 
beam thirty-four feet long, should have a cross-section of rather more 
than a square inch for every ton weight to be sustained in the centre 
of the beam, It was found by experiment that a fir beam eight inches 
square and twelve feet long between the supports, strengthened by 


iron rods one inch square, applied as in jig. 2, would support between 
4000 and 5000 po , Which is more than double the weight it would 
sustain without A girder of the same dimensions, trussed 


with iron braces on the principle of fig. 1, but with the addition of a 
horizontal tie-bar one ,inch square, appeared to no greater 
strength to resist fracture, althoug& its deflection under similar loads 
was less, owing to the iron braces being less compressible than the 
fir-wood, which, on the suspension principle, has to resist the tension 
of the rods. 

The late Mr. George Smart, inventor of the ingenious truss called 
the “ bow-and-string-rafter,” in experiments tried to ascertain how far 
the strength of a beam is increased by confining its ends, so as to 

ent them from approaching each other when the centre is heavily 
Toaded, found that 2 lath which, when simply laid on two points of 
support, broke with a load of 11 lbs. placed in the middle, would 
sustain 270 Ibs. when the ends were firmly secured by wedges. These 
experiments led him to the construction of trussed beams of unusual 
lightness, in wrought-iron as well as in wood. In 1826 he submitted 
to the Society of Arts a wrought-iron beam adapted for use in bridges, 
roofs, floors, and other constructions in which stiffness, strength, and 


lightness are required, for the invention of which he was rewarded - 


with their silver Vulcan medal. This beam or girder is made by 
welding the ends of an arched bar of wrought-iron to a longer straight 
bar, and then turning the ends of the straight bar either up or down, 
as may be most convenient for fixing, according to the particular use 
to which it is to be applied. Blocks of well-seasoned wood are then 
inserted at intervals between the arch and the straight bar, to prevent 
buckling, and the whole is held together by iron *straps inclosing the 
blocks and the iron bars. Mr. Smart conceived that wrought-iron 
beams made in this way would support so much more weight than 
those of cast-iron of similar dimensions, that they might be made of 
any given strength for one-half the cost of cast-iron girders ; and he 
refers to the application of such a beam to sustain a very heavy mass 
of brickwork over a gateway leading from the Poultry, under circum- 
stances which would have precluded the use of timber. Very light 
timber beams were made by Mr. Smart upon the same principle; and 
so strong was his confidence in the application of trussing upon an 
extensive scale, that he published a design for a foot-bridge of trussed 
timber to cross the river Thames at Hungerford by a single span. — 
Cast-iron beams are frequently trussed with wrought-iron rods, in a 
similar manner to those of wood, and are applied to purposes for 
which great strength is required. The brest-summers used over large 
Po Cnpemebas to scatnin te front wall of the house, are often made 


in way; and similar girders are much used in the construction of 
DD 
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railway bridges. The bridge which muppets the London and Blackwall 
Railway across the street called the Minories is a remarkable example. 
Tt has a clear span of sixty-three feet, and is supported by six massive 
trussed beams, weighing about fifteen tons each. When used in floors 
or roofing, timber may be applied on each side of the iron, supported 
by ledges formed for the porposey to render the fitting of the joists 
and other timbers ey mart recommends the use of bi and 
ceiling joists formed of wide hoop-iron riveted together, with a slip of 
poplar between them to hold the flooring or lath-nails; and he 
observed that neither fir nor oak will, when thin, receive nails near so 
well as poplar, without splitting: in addition to which he says that, 
besides being very durable if kept-dry, it has the advantage of being 
much less combustible, 

Trussing has been applied with advantage to the raising of sunken 
floors, and the repair of beams which, from sagging or from the ravages 
of dry-rot, have become dangerous. In the forty-second volume of the 
‘Transactions of the Society of Arts,’ pp. 149-152, is an account of a 
method of raising a sunken floor, which had been successfully practised 
by Mr. F. Richman, and for which he was rewarded with the large 
silver medal of the Society. The floor on which he had operated had 
sunk in the middle to the extent of fiye inches, and had become very 
tremulous, in consequence of the. removal of a trussed partition, in 
order to throw two rooms into one, The ceiling and cornice of the 
room below being valuable, it was desirable to apply a remedy from 
above, which was accomplished by removing the floor, and applying 
to each side of the sagged beam a cast-iron arch, of which the span 
was equal to the length, and the height or spring equal to the depth, 
of the beam. The ends or abutments of these arches were united by 
tie-rods of wrought-iron, Four equidistant holes were then cut trans- 
versely through the beam near its lower edge, and in each of these was 

a short bar, having an eye projecting on each side of the beam. 

Through these eyes were vertical bars or trussing-bolts, which 
rose above the top of the , and were there connected together by 
cross-pieces, which rested upon blocks attached to the cast-iron arches. 
By screwing down nuts upon the upper ends of these bolts, as the 
arches themselves could not yield, the beam was compelled to rise, and 
was so restored to its original straightness, The cast-iron arches and 
their tie-rods were formed of several small pieces, so that they might 
be very conyeniently applied; but for the method of accomplishing 
this, and for other matters of detail, we must refer to Mr. Richman’s 
account, which is illustrated with engravings, In the same volume 
(pp. 153-164) is an account of the means adopted by Mr, Alfred Ai 
for supporting the decayed timbers of the roof of the church of St. 
Mary Aldermary, in the city of London, by means of cast-iron trusses 
or cradles. This operation was performed under circumstances of 
unusual difficulty, some of the beams being so much decayed by the 
dry-rot as to have lost all bearing upon the walls, The ingenious con- 
trivances adopted, which were rewarded by the Society of Arts with 
their large gold medal, prevented the necessity for destroying a richly- 
ornamented ceiling, the restoration of which would probably have 
cost 5000, 
TRUST AND TRUSTEE. A trust, which isin fact only a new 
name given to a use, is well defined by Lord Coke in the words 
employed by him for the definition of the latter term, namely; “A 
confidence reposed in some other, not issuing out of the land, but as a 
thing collateral, annexed in privity to the estate of the land, and to 
the m touching the gs which cestui que use has no remedy 
but by subpena in Chancery.” (Co, Litt, 272 b4 The explanation of 
the terms of the above definition, and an account of the origin of uses 
and trusts, and their connection with each other, will be found under 
Uses, The purpose of this article is to give a general account of the 
nature, constitution, and objects of trusts, of the duties and liabilities 
of trustees, and of the rights and estate of the cestui que trusts, that is, 
of the persons beneficially entitled under trusts, 

The first division of trusts is into simple and special, The simple 
trust corresponds exactly with the ancient use, and is where property 
is simply vested in one person for the benefit of another, the terms of 
the trust not being specified, but left to the construction of law, The 
special trust, on the other hand, is where property is vested in a 
trustee for purposes paraulens pointed out, and where therefore he 
is not the simple depositary of the estate, but is bound, in his character 
of trustee, to the active performance of certain duties. Special trusts 
are further subdivided into ministerial and discretio: ; the former 
being such as require for their performance only the o 'y qualities 
of a rational agent, the latter such as involve the exercise of more or 
legs judgment and discretion, 

I, Of the creation of trusta. 

1, And first, as to trusts created by the act of a party, 

A declaration of « trust is regarded in equity as a gift or conveyance 
of property to the persons who are the objecta of the trust, and there- 
fore the capacity to declare a trust is limited by the same rules as the 

wer of disposing of property at law, Thus persons under the 
disabilities of coverture, infancy, lunacy, or idiotcy are incapable of 
creating trusts wherever they would be pable of conveying at law. 

By the common law, trusts might be created by parole, but by the 
seventh section of the Statute of Frauds (20 Car, IL. c, 3) it was 
enacted that “all declarations, or creations of trusts or confidences in 
any lands, tenements, or hereditaments, shall be manifested and proved 


4 
by some writing, signed by the party who is by law enabled to declare 
Me een ce by Me lat ill to oe , or else they shall be utterly 
void and of none effect.” The words “ 


It 


or 
indirect, as by a letter under his hand, his answer in Mic U3 bya 
recital ina deed, &c.; and though the writing itself must ] 


Fore. As wills must be executed according to certain formalities, i 
lows that a trust of realty or personalty cannot be created by 


determined that, if the legal a 
declaration of trust be not only enamel, Se deyisee of the legal estate 
will be entitled to the benefici 


express or implied unuertabing te wuppnis the intent, a court of ¢ 
wil establish the trust notwit ding the statute, (2 Vern. 550. 

A trust may be created either directly, by i sige declaration, or 
indirectly, without mention of a trust in words, by the expression of 
an intention, which the court of equity will execute as a trust, 

In direct declarations of trust, technical words are not necessary ; 
but it is established as a general rule that, where they are employed, 
they are to be taken in their legal and technical sense, A distinction 
however is made in this respect between what are called trusts 
executed, in which the limitations are complete and final, and trusts 
executory, in which the expressed limitations are not intended ag 
complete in themselves, but only as directions or instructions for a 
settlement to be afterwards executed. To the former the rule is 
strictly applicable, while with respect to the latter a court of equity 
will endeavour to execute what appears to be the intention of the 
parties, notwithstanding the use of inappropriate technical words ; and 
the only difference in this respect between executory trusts in “i 
articles and in wills is, that the known objects and purposes of 
Pigs 4 afford ache My the oe wien the latter can in 

collected m. language of the instrument, ‘earne, 
* Cont, Rem.’ 94, 114) 

When the owner, or the person otherwise entitled to the disposition 
of property, shows an intention to exercise it in fayour of another, 
the court, unless where there is a want of consideration, will execute 
that intention, however informally expressed. Thus when a person 
has contracted with another for the sale of his estate, he becomes 
thereby a trustee of the estate for the purchaser; or if a testator, 
without expressly devising his lands, direct them to be sold for pay- 
ment of debts and legacies, the lands will descend to the heir as a 
trustee for the creditors and legatees, 

Trustees being considered merely as the instruments through which 
a trust is to be carried into execution, the Court of Chancery will not 
allow a trust to fall to the ground from the want of trustees, or their 
refusal to act, but will appoint proper persons to administer the trust. 

In general all persons capable of acquiring the legal estate in property 
are capable of being trustees, and are bound by the trusts dec of 
it; though an exception should perhaps be made with respect to 
property vested in the king, against whom there is no remedy in 
Chancery, though the subject might sue the crown by peng a 
petition of right. (Hardres, 467; 1 Ves. 446.) The fitness of a 

m for the office of trustee however depends on his capacity to 
woes the discretionary part of the trust, and to join in 
requisite assurances relating to the property: femes covert and infants, 
on account of the disabilities they labour under, are not proper persons 
to select for the office of trustees. An alien may discharge the office 
of trustee of personal chattels, though not of lands or chattels real, as 
he could not sue or be sued respecting such property; besides which, 
the legal estate of the property so conveyed to the alien would vest, on 
inquisition found, in the king. (Gilb, ‘On Uses, 43; 2 Mer, 481.) 

2, As to trusts created by operation of law. 

Trusts of this kind may arise in three ways: lst. Where the trust 
originally derives its existence from o ion of law; 2ndly. Where 
a trust already in existence is revived by operation of law, as against. 
a particular property; and, 8rdly, Where a trust already in existence, 
and annexed to a particular subject-matter, arises de novo by operation 
of law as against a particular person. R 

Trusts of the first kind arise either where an estate is purchased in 
the name of one person, and the consideration is paid by another, in 
which case a trust of the legal estate arises for the person who advances 
the purchase-money ; or where, upon a conveyance or will, the grantee, 
devisee, or legate is intended to take the mere legal estate, and the 
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the interest may either be presumed from the circumstances 
or actually upon the instrument. Whenever, upon a con- 
veyance or , a trtist is declared of of the estate, and no 


mention is made of the residue, the 


a 
2 
3 
E 


grantee or devisee niust, in the nee of 

on his part, be considered as beneficially entitled to the 
. C. C, 589: 1 Atk. 448,) 

of the second kind arises when the estaté is converted by 

species of Ba igs Aateieg 2 er, either in pursuatice 

duty. I 

sy radle$ coh ¢-oeonb pay Ph oer rp 
us 


EYSEESE, 21 
Hie 

ite Q 
; g 

: 

E 

3 

E 

: 

E 

Z 


te 
ee 
1 


4 trust is created, it is a general rule that a legal estate, 
Bifficient for the purposes of the trust, sa, poi, be ited 
estate limited to trustees shall not be construed 
the trust require. Thus the 
ap: seal cap hetagesa | 80 as to make it commen- 

jects to be effected, and even supplied the estate 
together wanting. (1 Ves. 495.) On the other nat 

wo! 


in the property, unless a definite term of years, fs i 
determinable, or an estate of freehold, be thereby given to him 


i 
He 
rel 
AF 
i 
E 
i 
fi 


Free 
E 
2 
a 
= 
F 
Fy 
z. 
3 
z 
: 


Fe 
Pe 
al 
ip 
si 
il 
iE 
bs 
z bs 


to be determined 


ubt, 
character of trustee, (2 Ves. Jun. 678; 1 Ves. 552.) 
But as no one is compellable to undertake a trust, it is in the power 
of the person appointed a trustee to renounce the office what is 
called a disclaimer, which, if he intend to decline the office, he ought 
to execute without delay. A disclaimer ought to be made by deed, 
and should purport to be a disclaimer, and not a conveyance, which, as 


of | acceptance of the trust, though instruments of this 


it transmits the estate, would, strictly speaking, imply a previous 
is kind receive a 
liberal construction. (2 Swanst. 372; 2M. & K. 278.) 

The general rties and qualities of the trustee’s office may be 
stated under the following heads :— 

(1.) A trustee having once accepted his office cannot afterwards 
renounce it. The only modes by which he can be’ released are a 
decree of a court of equity, a power reserved on the instrument - 
creating the trust, or the consent of all the persons beneficially 
interested in the estate. (2 Sch. and Lef. 245.) ; 

(2.) The office of trustee, which implies personal confidence, cannot 
be delegated (2 Ves. 640), though a trustee may sometimes perform a 
mere ministerial duty through an attorney or proxy. (1 Ves. 413.) 
~ (3.) When there are several trustees, the administration of the estate 
is vested in all; and therefore if one refuse to act, the others cannot 
proceed without his concurrence, and the Court of Chancery must take 
upon itself the administration of the trust. (2‘ Eq. Ca. Ab. 742.) 

(4.) Where one of several trustees dies, the joint office may be exer- 
eised by the survivors. This is a consequence of the general maxim of 
law, that thouglf a bare authority given to sevetal determines by the 
death of one, if the authority be coupled with an interest it survives. 
(Co. Litt. 113 a, 181 b.) 

(5.) One trustee is not liable fot the acts of liis co-trustee in which 
he has not joined, atid this is equally true whether there is a proviso 
to that effect in the settlement or not. (Bridg. 35; 18 Ves. 254.) 
And even if a trustee joins in a receipt for money required for the 
purposes of the trust, for the ‘sake of conformity only, he will not 
thereby become responsible for the application of it, though it will be 
upon him to prove that his co-trustee was the ies by whom the 
money was received. (11 Ves. 324; 1 Ed. 147.) The rule is different 
with respect to co-exeeutors, each of whom has an absolute control 
over the ea U and who are therefore under no obligation to join in 


ving receipts Amb. 219; 3 Swanst. 64); though whenever their 
joining ther in doing any act is nec , the same rule applies to 
em as to other trustees. (7 Ves. 197.) But if a trustee allows 


money to remain improperly in the hands of his co-trustee, or is cogni- 
sant of a breach of trust committed by him, and takes no measures to 
protect the estate, he will become himself responsible. (11 Ves. 319.) 

(6.) Trustees cannot derive any private advantage from the adminis- 
tration of the triist, and therefore all profits made by the trustee in 
the — of the trust estate, in whatever matiner, belong not to 
him, but to the cestui gue trust. (2M. & K. 664.) 

III. Of the duties of trustees. ; 

Trustees of personal estate are bound to use all due diligence in 
getting in and reducing into possession all parts of the trust estate 
that may happen to be outstanding at the time of the commencement 
of the trust (1 Mad, 290), and in providing for the safe custody of the 
Property. (1 Ed. 148.) They are also bound, where trust-money 
cannot be applied immediately, to invest it on proper security, so as to 
render it productive to the cestui que trust. In the absence of any 

¢ direction as to investment in the trust-deed, the rule is that 
trustees ought to invest in the public funds, 

a trust-estate consists of renewable leaseholds, it is in general 
the duty of the trustee to provide for renewals. If there be an 
express trust to provide for the fines out of the rents and profits, the 
trustees should lay aside a proper proportion of the annual income for 
the purpose. (17 Ves. 485.) If there be no express direction for 

t of the fines, the estate may be charged with the amount of the 
re and the rule of the court is that the tenant for life and remainder- 
man must apportion the fine between them according to the value of 
their respective interests. (1 Bro. C, C. 440; 9 Ves. 560.) 

Trustees for sale, whether expressly such or by implication, have, in 
the absence of any express restriction on their powers, the right to 
use all reasonable discretion as to the time and manner of effecting a 
sale. They cannot be compelled to enter into any other covenant 
than that against incumbrances by their own acts. The general rule 
is, that a trustee for sale cannot become the pores of the trust 

y either for himself or as agent for another ; and the cestwi gue 
trust is at liberty to sét aside any such purchase, however fair, and 
though no ad should have been gained by the trustee. (3 Ves. 
750.) But a trustee is not absolutely prohibited from purchasing from 
the cestui que trust certain circumstances, though the transaction 
is at all times one of great difficulty, and looked upon with great 
suspicion by the court. (9 Ves. 244.) Upon setting aside a purchase 
by a trustee, the court will in gei allow for all repairs and improve- 
ments effected on the property, (11 Ves. 226.) The cestui que trust 
will not be entitled to relief unless he make his application within a 
reasonable time; and if while sui juris, and with full knowledge of his 
rights he expressly confirms the purchase, he will not be allowed after- 
wards to set it aside. (5 Ves. 680; 12 Ves, 355.) 


The f trustees are either general or apecial, It is impossible 
18 exacth ral powers of ‘euskens, the extent of which 
i ircumstances of the trust- 
estate, It may however be laid down as a general rule, that whatever 
is compellable 
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hands of the trustee, he ought to take no step without the sanction of 
the court. (10 Ves. 104.) 

V. Of allowances to trustees. 

It is a settled rule that a trustee is not entitled to charge for his time 
and trouble in the management of the trust-estate, whether he be a 
professional person or not ; and the rule applies not only to trustees 
expressly nominated, but to all persons bearing a fiduciary character, 
such as executors, mo , receivers, and committees of lunatics’ 
estates. (10 Ves.103.) Exceptions to this rule have been admitted 
in the cases of trustees for the estates of absentees in the West Indies 
and executors in India; but the rule against such allowances to trus- 
tees is only a general one in the absence of express directions by the 
settlor to the contrary, and there is no objection to a trustee's receiving 
remuneration for’his services, or to his being allowed to make profes- 
sional charges, if the intention of the settlor to that effect be clearly 
expressed. (7 Ves. 480; 3 Beav. 338.) A trustee may even bargain 
with his cestuis que trust for an allowance, though bargains of this kind 
are very narrowly watched by the court. Trustees not being allowed 
to charge for their own trouble, may on proper occasions, and where 
the business of the trust is. troubl or complicated, call in the 
assistance of agents at the expense of the estate. 

A trustee, though not allowed to charge for his trouble, is entitled 
to all his expenses out of pocket; and even a specific remuneration 
given by the settlor to the trustees is no reason for their not receiving 
an allowance for expenses. (7 Ves. 480.) The expenses incurred by a 
trustee in the management of the trust-estate are considered as a 

upon the estate, to the satisfaction of which the trustee is 
entitled before he can be compelled to convey. 

The general rule with respect to the costs of trustees incurred in 
legal proceedings is, that they shall be allowed as between solicitor 
and client, if there be a fund under the control of the court out of 
which they may be paid. (1 Swanst. 201.) But this rule is subject 
to numerous exceptions, depending upon the circumstances of the case, 
and the propriety or otherwise of the conduct of the trustee, either in 
the course of the suit itself or in the matters out of which it arose. A 
trustee who disclaims by answer in chancery is entitled to costs as 
between party and party only. (2 M. & K. 278.) 

VI. Of the relinquishment of office by trustees. 

A trustee may be discharged from his office by the consent of the 

cestuis que trust, but for this purpose the consent’of all must be obtained, 
however numerous they may be; and if any of the cestuis que trust be 
incompetent to consent, or be not yet in esse as in the case of a limita- 
tion to unborn children, no complete discharge can be obtained. 
- A trustee may be discharged in virtue of a special clause to that 
effect contained in the instrument under which he is trustee. A 
proviso to this effect is usually introduced into settlements combined 
with a power either to the cestwi que trust, or to the co-trustees, to 
nominate a new trustee in the event of any of the number happening 
to die, or being desirous of being di from, or refusing or 
declining, or becoming incapable of acting in the trusts. The transfer 
of the trust is not complete until the new trustee has been nominated 
by the donee of the power, and a conveyance or assignment of the 
property has been executed. Powers of appointing new trustees are 
strictly construed, and cannot be properly exercised except under the 
precise circumst contemplated in the power, and it is always con- 
sidered that the original number of trustees ought to be maintained. 
For this reason it would be improper to appoint one trustee to do the 
duty of two retiring trustees (2 M. & K. 682); and where there is a 
direction that upon the trustees being reduced to a certain number 
others should be nominated by the survivors, it has been determined 
that they might supply vacancies before the numbers were so far 
reduced, but that then they were compellableto doso. (5 Ves. 825.) 

Two recent acts, known as the “ Trustee Relief Acts,” have pro- 
vided facilities for trustees wishing to discharge themselves from the 
responsibility of administering funds which may have come into 
their hands. 

VIL. Of the estate and rights of the cestui que trust. 

1. As to what it consists of. In cases of the simple trust the whole 
rights of equitable ownership consist in the right of possession and the 
right of disposition. 

The equitable owner has in general a right to the possession of the 
estate, but where there are several parties interested either contem- 
porancously or in succession, it is in the discretion of the court of 
equity to determine whether ion ought to remain with the 
trustee or be given up to the cestui que trust. The right of possession 
of the cestui que trust is recognised in a court of equity only, for at law 
the trustee is considered as the owner, and the cestwi que trust as tenant 
at will only. The trustee as tenant of the legal estate may recover in 
ejectment from his own cestui que trust, who has no defence to the 
action at law, and is only entitled to apply for an injunction in equity. 
(8 T. R. 122; 1 B. & B. 445.) 

Upon the ground that the cestui que trust is the beneficial owner of 
the estate, he is entitled, either by the express language or by the 
équitable struction of statutes, to various privileges connected with 
real estate. Thus the 2 Hen. V. st. 2, c. 3, and the subsequent statutes 
relating to persons entitled to serve as jurors, have been construed 
to apply to the cestuis que trust, and not to the trustee, By 7 & 8 
Will. III. c, 25, 8. 7, the right of voting as a freeholder of a connty 


was conferred on the cestui que trust, if in possession; and 
2 Will. IV. c. 45,8, 19, the cestui que trust pets ses or 

lands whatever except freehold, of the ired yearly a 
entitled to vote at elections of members of pes ~acat 

session or not. 

The cestui que trust of chattels is also entitled to the use and pos- 
session of them during the continuance of his interest; and by = this 
ground they do not, upon the bankruptcy of the tenant for life, fall 
under the rules as to goods in the order and disposition of the bank- 
rupt with the consent of the true owner. (19 Ves. 491.) 

A cestui oe trust who is entitled to the whole equitable interest may, 
in virtue of the jas an upon the trustee for a conveyance 
of the estate. But he has no such right when the trustee holds upon 
trust for the benefit of others, or even when he is entitled to the 
whole usufructuary interest, but the continuance of the estate in the 
trustee is necessary to answer some ulterior purpose relating to 
trust, such as to preserve contingent remainders, (5 Mad. 429.) 

In cases of ial trust, the right of the cestui que trust is to have 
specific execution of the intention of the settlor to the extent of 
cestui que trust’s interest. there be but one cestui que trust, and he 
— of consent, the specific execution of the trust may be departed 

m ; and so where there are several cestuis que trust, who all agree 
but no variation can be made so as to affect the interest of any 
que trust without his consent. 

2. Of the nature and properties of the estate of the cestui que trust, 

Equitable interests may be assigned, and the assignee may, like the 
original cestui que trust, compel a conveyance from the trustee by bill — 
in equity, without making the assi a party. (3 Russ. 583.) 

Femes covert entitled to equitable interests in lands and equitable 
tenants in tail, might, before the Fines and Recoveries Act (3 & 4 
Will. IV. c. 74), have passed their equitable estates by those as- 
surances, and may now do so under that act by the same modes of 
assurance and with the same formalities as if the estates were legal. _ 

The purchaser of an equitable interest should take care to inquire 
of the trustee whether he has had notice of any prior incumbrance 
upon the equity of the vendor, which will give the a rem 
against the trustee in case of his misrepresentation (10 Ves. 470); and 
the purchaser should also, upon the execution of the conveyance, give 
notice to the trustee of his own equitable title, whereby he will 
secure ce of all prior incumbrances who have not given such 
notice. (3 Russ. 30.) , 

Equitable interests in property are transmissible by devise, and 
require the same solemnities as legal interests. (1 Vict. c. 26, s. 3.) 
Possession or receipt of the rents and profits of equitable estates is — 
considered in equity equivalent to seisin at law, and adverse posses- 
sion of the one is attended with the same effects on the title as 
disseisin of the other. (2J.& W. 1, 153.) : 

A trust of freeholds or copyholds is subject to the courtesy of 
the husband, but was until lately exempt from dower and freebench : 
now, however, by the 3 & 4 Will. IV. c. 105, the title of dower attaches 
upon equitable in the same manner as upon legal estates, though 
subject in either case to be defeated by the alienation, devise, or other 
bay nie of yey on ag of the sings 7 

e effect of marriage is same upon equitable as uj legal 
interests, and therefore a husband may sdilepa th trust of ek of 
years belonging to his wife, in the same manner that he may assign her 
chattels at law. (9 Ves. 99.) ’ 

Judgment creditors have, by the Statute of Frauds, sec. 10, execu- 
tion at law against the equitable freehold estate of a debtor in the 
hands of his trustee, when the debtor has the whole beneficial interest ; 
but if he have a partial interest only, or the estate be not freehold, the 
judgment creditor has no execution at law, but he may in a court of 
equity obtain the same satisfaction out of the beneficial interest as he 
would be entitled to at law out of a legal estate. (4 Mad. 504.) 

The estate of the cestwi que trust is governed as to descent by the 
rules of the common law. 

Trusts of chatte] interests were always considered as assets in equity, 
but it was a question whether a trust of a freehold was assets in the 
hands of the heir until the Statute of Frauds, by the 10th section of 
which a trust in fee-simple was declared to be assets by descent, in the 
same manner as a legal estate. The enactment however to 
simple trusts only, and not to special trusts or equities of iption 
(2 Atk. 293); but now, by the 3 & 4 Wm. IV. c. 104, all a persons’ 
estate or interest in lands, tenements, or hereditaments, corporeal or 
incorporeal, or other real estate, whe' “ freehold, customaryhold, or 
copyhold” (which words apply equally to legal and equitable estates), 
are made assets for the payment of debts as well by simple contract as 


. 


& 


on specialty, Trusts of chattel interests will be assets in the 
hands of the executor. (Mod. 858; 4 Ves. 541.) Simple trusts of 
real estate are made ] assets by the above-mentioned section of the 


Statute of Frauds; and it seems that complicated trusts and equities 
of redemption, which are not within the statute, will be considered 
legal assets as to acy t creditors by aig! to law. (2 ‘Ch, Rep.’ 
143.) It appears under the 3&4 Wm. IV. c, 104, real estates 
are, with r + to simple contract debts, to be taken as equitable 
asseta, but that the act does not alter the mode of administration of 
trusts of chattels nor of equitable freehold interests, in so far as they 
were assets before the act, : / 
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8. It is a maxim of equity that a trust shall not fail for want of a 


trustee. If the intention of the settlor be clear, but he has omitted 
of i 
trust attaches upon 


not discretionary, but imperative, they are, as above mentioned, con- 
sidered as trusts, and the court will protect the cestui que trust from 
the failure or neglect of the donee of the power. Where the discretion 
of the trustee was to be governed by a rule which the court can apply, 
it will do so; but where there is no rule or measure by which the 
discretion of the trustee was to be governed, the court executes the 
pears most reasonable, and in 


general 
meiner se ornality is easity. (2 Ed. rage ‘ Eq. 


ee ree, Seren. See Meee iaialivohces il) he. mage: per copie 


occurring in such a power are settled to mean “ nearest of kin,” to the 
Soa aA Sitsen ion witch taka Vx raprasenintion under the statute. 
(2 M. & K. 780.) 


4, The cestui que trust is entitled to have the administration of the 


to the execution of an act of duty, or to restrain him from doing any 
act not within the scope of i judici 
to 


e circumstance of the 
tage or not from the breach of trust, 
his liability. Where trustees are jointly 
implicated, it was formerly thought that the cestui que trust might 
eee oy them singly; but the contrary has since been 
settled. (8 Sim. 219.) But the cestui trust will not be entitled to 
Srey Agikid ‘Sls trasten, 4 he Wtenesih Detdg tarde bo tues 
incapacity, has concurred in the breach of trust, or subsequently 
acquiesced in it, or & fortiori if he has executed a formal to 
the trustee. (3 Swanst. 64.) 
0 


ers, and other persons entrusted with the 
care and management of the Roe a others, a statute was passed 
(20 & 21 Vict. c. 54) whereby offences of this kind were made mis- 
demeanours punishable with penal servitude for three years, or im- 
i years, with or without hard labour. 
with respect to trust-estates 
The first is, that what the 
considered as done; so that it 


however, subsists only until a cestui que trust, com 


:? 
ue 
: 


uence of the , is, that 
alter the nature of the cestui que trust's 
of course, is to be understood only of acts not 
trust; and with respect to cestwis que trust, who are 
is universal, but is subject to some exceptions with 
trust-estates belonging 

alter the condition of the lunatic’s to the prejudice 
Eis if it ap; fo he caaisty 
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formerly thought that the court 
to the estates of infants, but it is now settled otherwise. 
(19 Ves, 122.) 

(Sanders, “On Uses and Trusts;’ Lewin’s ‘Law of Trusts and 


TRUSTS, CHARITABLE, (Uses, Cuartra.e.] 


TRYTYLENE.. [PRopytens.]| 

TUBE. The surface of a tube is generally a cylinder, but this word 
may be made use of in mathematics. When a tube is bent, there is no 
distinct geometrical name for its surface, but the following definition 
might do very well: Leta surface be called a tube when it is formed 
by a circle which moves with-its centre upon a given curve, and its 
plane always perpendicular to the tangent of that curve. This would 
include the straight tube, or common circular cylinder, and every 

ies of bent tube. 

TUBE-DRAWING. There are certain peculiarities in the fabrica- 
tion of metal tubes which place them ina separate rank from other 
manufactures in metal. 

Some varieties of lead-pipe are produced by casting a thick cylinder, 
of which the internal bore corresponds with the intended bore of the 
pipe, and then reducing the external diameter by drawing through a 
series of dies, smaller and smaller as the process proceeds, as described 
in Leap Manvracturr. Mr. Hick has devised a mode of making 
tapering tubes; that is, tubes which taper or diminish in diameter 
from one end tothe other. They are first made parallel or cylindrical 
and are tapered afterwards; the machine employed effects this by 
rotating grooved rollers ; and a greater or less degree of taper is ob- 
tained by varying the proportion between the rate at which the tube 
is drawn through the machine and that at which the rollers revolve. 
The tubes for many locomotives are made in this way, taper within and 
cylindrical on the outside ; the metal is cast hollow, and is drawn on 
a taper mandril through a plate; when used, the thick end is placed 
nearest to the fire-box. One of the early ways of making wrought iron 
tubes was to provide a strip of sheet iron, and beat it up by hand 
hammers and swages nearly to a cylindrical form; this was then laid in 
a semi-cylindrical cavity, with a mandril running through it; and then 
many blows were given by a heavy tilt-hammer, the lower face of which 
had a hemispherical or rather semi-cylindrical form, An improvement 
upon this was to draw the tube through grooved rollers after having 
been thus far fashioned. Another mode afterwards adopted was that 
of raising a strip of iron to a welding heat; beating up one end of it 
nearly to a cylindrical form; drawing the whole piece through a kind 
——— having bell-shaped jaws; and welding without the aid of any 

il. This method has been found available for tubes up to six 
inches diameter. Common brass tubes are often made by beating a 
strip of brass round into a cylindrical form, soldering the edges, and 
drawing it through holes to makethe exterior true; without paying much 
regard to the interior. Telescope tubes, &c. are drawn inside and out, 
and are hardened at the same time; the soldered tube, being placed 
upon a steel mandril, is drawn through a draw-plate, by which the tube 
is | ened, everywhere close to the mandril, and rendered 
smooth and dense, Fluted tubes for pencil-cases are drawn through a 
fluted hole, upon a mandril usually cylindrical. Very small tubes, 
used by silversmiths, are drawn upon steel wire as a mandril, Many 
kinds of brass tubes are made exactly in the same way as the lead pipes 
described in Leap ManvuractureE; that is, by casting a thick cylinder, 
and then drawing it by machinery through a series of holes, smaller and 
smaller in regular order, so as to elongate the thick cylinder into a thin 
tube. Mr. Muntz patented a few — a process for making tubes of 
the Muntz metal introduced by him, which metal consists of about 2 
parts of zine to 3 of copper. A short thick tube is cast, and is then rolled 
out toa groah length and reduced thickness; but having no mandril 
within it, it is squeezed flat; the proper shape is afterwards given to 
it by drawing through a circular hole, There is something in the 
quality of the metal which enables it to be elongated in this way, 
inapplicable to most other kinds. Mr. Webster, of Birmingham, has 
a curious method of making elastic metal tubes, suitable for forming 
the junctions of pipes exposed to variable temperature ; or of pipes 
which are otherwise strained or required to bend, such as the tube- 
couplings connecting locomotives with their tenders, hose with 
fire-engines, or the like. The tubes are made with transverse corruga- 
tions, so as to yield to slight bendings, contractions, &. Each 
corrugation is very narrow and deep. A plain tube is made first, and 
is then corrugated by degrees; this is effected by rolling, the rollers 
successively used being gradually deeper and deeper in their grooves, 
until the exterior of tube is well puckered. Sucha tube may be 
stretched, contracted, or bent within certain limits, without injury to 
its strength or soundness; they imitate in a humble way the 
snake-like structure, Tri and rectangular tubes are much 
used in France for sliding and measures; these are made nearly 
in the same way as ordi cylindrical tubes, the sectional form being 
dependent on draw-hole and the mandril. The small collapsible 
colour-tubes, so much used by artists, were at first made like 
common brass and lead pipes, by successively drawing a thick tube 
till it becomes very long and very thin; but they are now made more 
quickly by a peculiar kind of stamping, only possible with such a soft 
metal as tin, Mr. Ritchie has Saved a mode of making tubes thicker 
at the middle than the ends, by giving them a reciprocating motion 
between rollers, half way through and back again. - X 

Plans have been devised for making copper tubes by electro-deposit. 
The method will be understood from the principles explained under 
Execrro-MetaLiurcy. ‘ 

TUBERCLE is the name given to that form of deposit which is 
observed in the tissue previous to scrofulous ulceration [ScroruLa], 


TUBERCULOSIS. 


a 


TUMBREL. 


and also in the lungs when they are affected with phthisis [Parmisis) 


or ey . 
: fuperc LOSIS, [Scrorvta.] 

TUBULAR BEAMS. In addition to what has been said on the 
subject of the resistance of hollow girders, [under GIRDERS AXD 
Reststaxce], it may be desirable to state that the per pee by 
Mr. Tait of the experiments made by Mr. Fairbairn have led to the 
recognition of the following laws upon the subject :—1. The 
varies nearly as the area of the top, or of the bottom flange, multiplied 
by the depth, divided by the distance between the points of support, 
and affected by a coefficient determined by experiment. 2. When the 
depth and distance between the points of support are the same, the 
breaking weights are as the areas of the top, or of the bottom parts. 
Mr. Tait gives, as the practical formula derived from these laws ; callin 
w the breaking weight of a rectan tubular beam; a, the area o 
the bottom web; d, the depth of the beam; J, the clear bearing, and 
¢, a coefficient found to be equal to 18 tons; all the dimensions 


being in inches ; then w=£%4, 3, In hollow cylindrical beams formed 


t 
of thin plates, the epee, few) in tons is equal to the continued 

roduct of the sectional area, by the depth, and by a constant (144 tons), 

ivided by the distance between the supports ; and Mr. Tait asserts that 
square tubular beams possess 1{ times the strength of cylindrical ones: 
if this be correct, rectangular cells at the top of a large tubular girder 
are preferable to circular ones. 4. In hollow elliptical beams the breaking 
weight in tons is equal to the continued product of the sectional area, 
the depth and a constant (15 tons) divided by the distance between the 
supports : all these dimensions being, as before,in inches, The formula 
becomes of course, with the change in the yalue of the coefficients, thesame 


as above;w=£94; and as it is so much easier in rectangular beams to 


modify the area of the bottom flange, so as to ensure in it the 
requisite ratio between it and the top flange, there must evidently be 
an advantage in their use. 

The tubular girders for beains of wrought iron appear to have been 
used ona large scale, for the first time, in the bridge over. the turn- 
pike road at Blackburn, by Mr. William Fairbairn; since that period, 
the system has been extended by other engineers in a most extra- 
ordinary manner, as in the instances of the Britannia and of the Salt- 
ash bridges; and at the present day the tubular wrought iron beams 
are very often substituted for the cast iron girders which were, 
previously so much used in general construction. In the latter case, 
the superior lightness of the wrought iron tubular girders, and their 
greater powers of elasticity, render them preferable to the weightier, 
and more brittle and uncertain, cast iron; but the wrought iron tubes 
do not admit of artistic treating in the same manner that cast iron 
ones do, and therefore are less fi for picturesque structures. The 
works of Messrs. Hodgkinson, Tate, Clark, Fairbairn, Morin, Love, &e. 
tnust be consulted by the student of this branch of the arts of con- 
. struction; and in the ‘Annales des Ponts et Chaussées,’ and in the 
‘Journal des Travaux Publique de la Belgique; may also be found 
some interesting, practical, and theoretical articles on the subject, 
The Swiss and American engineers have for many years used species 
of tubular girders in their timber bridges of large span; but these 
were designed upon the ordinary principles of carpentry.as applied to 
ordinary framing, and did not depend for their strength in any 
important manner upon the cross bracing and roof which converted 
them virtually into tubular beams, 

TUCA'NUS (the Toucan). A southern constellation of Bayer, 
situated between Phoenix and the south pole, and near to the bright 
star in Eridanus, The following are the principal stars in this con- 
atellation :— 


No, in Catalogue 
No, in Catalogue of British , 
Character, of Lacaille, Association, Magnitude.§ 

« 9074 7767 -8 
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TULIP. Of all the plants which have obtaitied attention of account 


of the beauty of their flowers, perhaps tulips have had the most. 
estimating the excellence of a particular flower, the florist is not 80 
much guided by its beauty of form and colouring as by its rarity; and 
sorta which have at one time obtained great prices on account of their 
rarity have become little thought of when they became more abundant. 
There are, however, several points considered by florists as essential to 
the character of a fine tulip. “ The stem should be strong, elastic, and 
¢ fe about LA inches one bet 7 of the bed. The flowers 
large, composed of six petals (phylli) : these should pro- 
ceed a little horizontally at first, and then od upwards, foaming 
almost a perfect cup, with a round bottom, rather widest at the top. 
The three exterior petals should be rather r than the three inte- 
rior ones, and broader at their base : all the should have perfectly 
entire edges, free from notch or serrature ; the top of each should be 
broad and well rounded; the ground colour of the flower, at the bottom 
of the cup, should be clear white or yellow, and the various rich- 


pes, which are the principal ornament of a fine , 

should be regular, bold, and distinct on the margin, and n 

fine broken points elegantly feathered or illed. The centre of each 
should contain one or more bold blotches or stripes, inter- 

ions of the original or breeder colour, abray 

broken into many lar obtuse points.” (Cyc. of Gard.’) For the 

botanical character, see TuLtra in Nat. Hist, Drv. 

The varieties of cultivated tulips have been divided by florists in 
many ways for the sake of convenience. Parkinson, who wrote in 
1629, enumerates 140 varieties, which were divided into pravcoves, earl; 
blowers; sertina, late blowers ; and dubice medic, doubtful or : 
blowers. The first division consisted principally of varieties of Z'ulipa 
suaveolens ; the latter divisions were chiefly com of varieties of 
1. Gesneriana, Amongst modern florists in Great Britain, the Yen 
of the latter tulip, of which upwards of 600 are enumerated in 
peas are divided into four families—Bizarres, Bybloxmens, Roses, 

e! 

Bizarre tulips have a yellow ground marked with purple or acarlet 
of different shades. Byblemen tulips have a white , lined, 
matked, striped, or variegated with violet or purple only of various 

es. Rose tulips are marked or variegated with rose, scarlet, crim- 
son, or cherry colour on a white ground. Selfs, or plain-coloured , 
are those which have a white or yellow ground without 
The first three of these families are again divided into 
aceorditig as the intermingled colours are in narrow stripes or 


self, that is, it has but one colour; but ttider certain i 
all the other colours that are found in tulips will be developed in these 
simple-coloured tulips. It is thus that the last variety of tulips has 
been obtained that at present exists ; atid as each variety Gatl BS pope. 
gated by offshoots from the parent bulb, and as the colours of oa 
will admit of an infinity of modes of blending, there is hardly a 
to the number of varieties of these flowers which may be obtained. 
Selfs are always raised from seeds, but the circtutnistances which are 
most favourable to the “ breaking” of the Selfs, as the pies gies of 
other colours is called, are not well understood. A florist have to 
wait sometimes twenty years without having the pleastire of seeing 
Self “ break.” 

To develope all the beatity of form and éolour of which 


tulip 
susceptible, requires the greatest care in its cultivation, and Pe it 


is only amongst the amateurs of Holland and um that this 
can be seeti in all its glory. Tulips are Boy oo in beds, which 
should be made in an open, airy situation. of eg is planted 
in what are technically called rows, consisting uniformly of seven, 
with regard to the harmony of their ¢ ours, the tallest occu: 

pying the centre, and the bed may be thus of any length, while the 
row always consists of seven. The soil should be dug out for about 
20 inches deep, and the bed filled in with a mixture of about two parts 
of a fresh, rich, loamy soil, rather of a sandy character, and one part of 
well-rotted cow-d' The best time for pining tlie bulbs is 
the end of October to about the 10th of Noveinber. They should be 
planted about seven inches apart, and about four inches deep, or less 
according to their size, in the ground. The leaves will appear in Feb- 
ruary, and the blossoms in April or May. The bed of flowers should 
be protected by an awning, which must not be used till the flowers are 
opened, and should be so constructed that the light and air may be free 
admitted during the intervals between the coolness of the night 
the brightness of the sun at noonday. Tulips should never be arti- 
ficially watered. When the petals fall off, the seed-vessel should be 
removed, as its remaining on weakens the bulb. When the top of the 
stem begins to wither and dry up, and the leaves become brown, the 
bulbs should bee A ay Some 4b cee gi i the follow- 
ing August or September the loose ski res easily sepa- 
— ~— ag be taken hee = La and the; yrtayee depo- 
sited in drawers. e tulip from y c 
lg in dee; ep He with good. aneees a with a. 

e young plants no’ uire water, and they may be expected 
blossom by the fourth or fifth year, or at latest the seventh, 

Groudon, Cyclopedia of Plants ; Cyclopedia of Gardening ; MacIn- 
tosh’s Book of the Garden ; Diction, des Sciences Naturelles ; Paxton’s 
Botanical Dictionary ; Redouté, Liliacées ; Hogg, Supp. to Practical 


a mes 
TUMBREL, or TUMBRIL, a machine 
consisting of a stool or chair attached to the 


t be n . Be notices of the use of this 
‘vali Aloo alos fread, a cuching-stool, or a ducking 


end of a long 
offender p! 
often as mi 


art, ‘Cu stoo 
It appears to haye been used as early as the era of the Saxon govern- 


(a hy ry Sera rda Angel 1. ii., p. 9) 8a i 
quo! in Strutt’s ‘ Ho: -cynnan,’ vol. ii., p. 9) says that, in 
the 42nd year of Henry TIL, takers were, for “ lack of ST shed 


Te ? TUMOUR. TUMOUR. 414 


Y | various, that the most practised morbid anatomists frequently meet with 


which may be included a great. majority of those which occur in the 

human body; and these we shall describe under the names of the 

Fatty Tumour, or Growth; the Cellular ; the Fibrous, or Tendinous ; 
Cartilaginons, the Osseous ; the Fibro-cartilaginous, 
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it lies, but from which it is Separated by a layer of compact cellular 
tissue, and is generally distinguished by the smallness and distinctness 
of the lobes composing it. Its blood-yessels are few and of small size, 


Copeland remoyed one weighing 22 lbs.; Sir Astle Cooper, one of 
37 lbs, 10 ozs.; and M. Dagorn of Morlaix, one which weighed 46 
French pounds, The size of the wound necessarily made in the 
remoyal of tumours of such magnitude renders the operation some- 
what dangerous ; but, except for this circumstance, the extirpation of 
fatty tumours may usually be undertaken with full confidence of 
success. If not removed, they are apt, through the distension and 
thinning of the skin over them, to give rise to ulceration and other 


ns. 
The Cellular Tumour, which derives its name from the similarity of its 
tissue to that of the co on cellular tissue of the body, is a very rare 
disease, It is com '@ compact substance, infiltrated by a serous 
or half-gelatinous fluid, and may attain a great size, Mr, Lawrence, in 
his ‘ Lectures on Surgery; has described the best example yet known 
surgical | of it: perhaps also the disease which Mr, Abernethy, in his ‘ Classifi- 
cation of Tumours,’ named Common or Vascular Sarcoma, was of thig 
kind. But altogether very little is known of this form of tumour: the 
great enlargements of the skin of the scrotum, supposed by some to be 
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Baillie) is a very frequent and well-marked growth. Its ordinary, 
perhaps its only, seat is in the walls or in the neighbourhood of the 


iE 
Pe &. 
at 
f 
iH 
iF 
i: 
z 


, yri a 
tissue has the same microscopic character as that of the natural fibrous 

and tendinous tissues, and is equally little vascular, Its section Te. 

sents a very compact and firm semi-transparent basis, intersec by 


it 
3 
} 
i 
i 


Fe 

le 

i 
= 

a 
: 


tumour projects into the cavity of that organ. One such tumour may 
grow alone in the uterus; but more commonly two or more grow 


_ 
3 
i 
| 
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oo pn eons Guay necally- eal en aay a foot in diameter, and in this 
are dissimilar to those o @ natural organs oj yi that | case ey usually en ly by ti er pressure on important organs, or 
their development does not proceed to the formation of any structure | by hemorrhage when they project externally, In advanced stages of 
similar to the fully developed tissues, eir growth, or at any time if they cease to increase in size, they are 

The distinctive characters of innocent chiefly negative, | apt to be calcifi ; earthy matter being deposited around or within 
Certain of them ma: t one, but they rarely present more than » 80 a8 to form a shell or a coral-like mass of hard substance, 
one, and never all, @ characters just hus :—1. The | w! bears some resemb! to ivory, but has none of its micros 
number of tissues in which innocent gro occur is comparatively = Ts, : 
few : in many parts in which malignant growths are comme. th are * dlegi aginous Tumour is that which has been named Chondroid 
never seen ; and when, as sometimes , Many innocent tumours | or Cartilaginous Sarcoma: it is the Enchondroma of Miiller, and one 
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of the numerous forms of growths which have been heaped together 
under the term osteo-sarcoma, Its usual, and perhaps its only, place 
of growth is within or upon the bones, and it occurs in connection 
with the bones of the fingers and the last phalanx of the great toe 
more frequently than in any other part. It grows slowly, and usually 
without any pain, and may continue to increase for thirty or more 
years. It is most commonly isolated, but sometimes two or more 
pay of me Page kind occur on one or both hands, The rics 
us ‘orm of the cartilaginous tumour is lobular, with an irregular 
nodulated surface; and a section shows that. it is composed of nume- 
rous round masses of a grayish-white semi-transparent substance, 


ginous fishes, and presenting al the microscopic characters of ordinary 
fostal cartilage. The component masses, which are especially obvious 
when the tumour is large, vary in size from two lines to half an inch 
in diameter, and in different Specimens Met much in consistence: they 
are held together by portions of tough fibro-cellular tissue, in which 
blood-vessels run, but are themselves little, if at all, vascular before the 
Process of ossification has commenced in them, 
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the natural tissues of the body. Moreover, in ulcerating or sloughing 
arr no more tendency the natural tissues in similar con- 

have to involve the adjacent parts in their destruction, 4. The 
tigsue of an innocent growth is ir similar to that of some 


as TUMULUS. 


TUMULUS. 


The cartilaginous tumour may grow to an enormous size; one in 
the College of Surgeons, which almost pon cand ossified, mea- 
sures a in circumference, It is situated on the upper part of the 
tibia. But even in the most advanced states they ma Ee amaanedt by 
the amputation of the ~ on which they are situated, without fear of 
their recurring; and this is always an advisable proceeding: for be- 
sides the inconvenience produced by their weight and pressure on 
adjacent parts, large cartilaginous or osseous tumours are apt to 
duce ulceration and sloughing by their distension of the skin which 
covers them. 

The greater number of those called Osseous Tumours, or osseous 
exostoses, are only ossified cartilaginous tumours,—examples of what 
may be called the second stage of the disease last described. It is 
doubtful indeed whether any tumour possessing the true osseous 
microscopic structure is formed xcept through a preceding carti- 
laginous state. Many other kinds of tumours connected with bones 
are incorrectly called osseous or osteo-sarcomatous. Such are those 
connected with medullary or soft cancerous diseases, of which some 
are only the osseous skeletons upon which the malignant disease was 
fixed ; others are the remains of the original bone expanded and broken 
out by the growth of the malignant disease in the interstices of its 
tissue. And again, other hard tumours connected with bones result 
from what should be called the calcification rather than the ossification 
of a previous softer growth : for in these the earthy matter is deposited 
irregularly, and they never acquire the structure of true bone, Most 
or all of these calcified tumours are of a malignant nature. One of 
the best characterised forms is that of which Dr. ‘Baillie (‘ Morbid 
Anatomy’) gives the history, in a case in which, after Mr. Hunter had 
amputated the patient’s leg, calcareous masses, similar to that which 
had formed within and around the femur, were developed within the 
lungs and upon the ribs. 

The history of the Fibro-cartilaginous Tumour is as yet more im- 
perfect than that of any of the preceding, except the cellular. It is 
most frequently, or always, connected with the bones, and is most 
commonly met with upon the jaws, from which it may be removed 
without fear of recurrence. It has usually a round or oval form, and 
its surface is less deeply nodulated than that of the cartilaginous 
tumour. It may attain a great size, and commonly leads to sloughing 
and ulceration of the tissues over it, if not timely removed. It is 
composed of a very firm, compact, pale, whitish or yellowish, -albu- 
minous tissue, in which small spicula'of bone are often scattered, but 
which does not become truly or entirely osseous. It may grow within 
a bone, but more usually it commences on its exterior; in the former 
case it generally expands the shaft or body of the bone into a shell 
around it; in the latter the surface of the bone is broken up, and 
seems to coalesce with the tissue of the tumour. 

In different examples the fibro-cartilaginous tumour presents various 
degrees of consistence, and not a few apparent diversities of internal 
structure. In some examples its substance is homogeneous, in others 
obscurely fibrous; and from these last, which are the most frequent, 
it derives its name, which is intended to express its general aspect 
rather than its minute structure, for the firm tissue of which it is 
chiefly composed has not the microscopic or chemical characters of 
cartilage. In other examples again the fibrous structure rather pre- 
dominates over that which resembles cartilage; and in others nume- 
rous cells, containing a glairy or a serous fluid, are scattered through 
the interior of the mass. From the existence of such diversities, it is 
not unlikely that more than one kind of tumour is included in this 
name; but the gradations, from the examples in which the tissue is 
most nearly homogeneous to those in which it is most fibrous, or con- 
tains most cells, are so numerous and gradual, that it seems more pro- 
bable that they are all of one kind, modified by accidental circum- 
stances, or examined in different stages of their development. 

The treatment of the tumours whose natural history has been 
described may be summed up in a few words. There is no remedy for 
them but their removal : not one of the medicines proposed for exciting 
their absorption is worthy of a trial. Of the means of removing them 

- (when removal is possible), none is so safe, so expeditious, or productive 
of so little pain or inconvenience, as the knife; and whenever it can 
be employed, the sooner it is used the better, for, in general, delay can 
only increase the severity of the operation. For the operation itself, 
the only general rule is, that the whole of the diseased mass must be 
removed ; avy portion which is left will most probably become the 
nucleus of a similar growth. The particular proceedings must be 
varied according to the size, locality, and other circumstances of the 
tumour. , 

TUMULUS (or Barrow), a Latin word, signifying a “ little hill.” 
Tumuli, or artificial mounds of earth, of various sizes and forms, are 
found in many parts of the globe, and are for the most part tombs, or 
sepulchral memorials of persons of distinction, or of warriors slain in 
battle. That some of these artificial mounds were originally raised 
for, or at least appropriated to, other objects than that of sepulture, is 
probable ; but of this we have no satisfactory evidence. We limit our 
present remarks to the consideration of tumuli as sepulchral monu- 
ments. 

In the book of Joshua mention is made of heaps of stones [Carnns] 
raised over dead persons, which in course of time would assume nearly 
the appearance of barrows at the present day. This practice seems, 


however, to have been done in the case of enemies only, and was 
doubtless intended as a mark of abhorrence. The earliest account of 


Salil oukoiinente, or a foundation, and the loose earth was heaped 


Tacitus, from whom we derive the first satisfactory account of the — 
Germans, observes that their funerals were distinguished by no empty 
pomp. “The bodies of illustrious men were consumed with a par- 
ticular kind of wood; but the funeral pile was neither strewed with 
costly garments nor enriched with fragrant spices, The arms of the 
deceased were committed to the flames, and sometimes even his horse. 
A mound of earth was then raised to his memory, as a better sepulchre 
than those elaborate structures which, while they indicate the weak- 
ness of human vanity, are at best but a burthen to the dead.” 
(‘ Germania,’ xxvii.) 

Whether the body was preserved entire or committed to the flames. 
the custom of depositing the remains of dead bodies under a mound of 
earth has been observed in nearly every part of the world; by the 
ancient Scythians on the banks of the Borysthenes (Herod., iy. 71), and 
by the aborigines of North America on the banks of the Ohio and 

ississippi (Jefferson, ‘ Notes on the State of Virginia’; Squire and 
Davis, ‘Ancient Monuments of the Mississippi Valley,’); and such 
mounds are still to be seen in t numbers in Denmark, 8 
Germany, France, Spain, Portugal, and Great Britain. 

Of the sepulchres of the Scythian nations, many are found in the — 
Kuban. They are described as perfect tumuli, sometimes of great 
height, on a base formed by a square wall of large stones. In some 
cases the earth is excavated to a considerable depth; in others it 
merely covers the body. The deposits, with the remains of the dead, 
are weapons and implements of war, domestic utensils, and idols. 

Vast numbers of the tumuli scattered over various parts of Ger- 
many have been examined. They have been distributed by the 
|} antiquaries of that country into four classes:—1. Tumuli without 
bodies, or urns. 2. Tumuli with bodies, but without urns. 3. Tumuli 
without bodies, but with urns baked. 4. Tumuli with both bodies and 
urns. Of the last class, several were opened in the neighbourhood of 
Sinzheim, and skeletons were found in them, with rings of brass and 
iron about the arms, feet, and fingers, ear-rings, and chain or other 
ornament surrounding the neck. (Meidinger,‘ Die Deutschen Volk- 
stiimme phisch und goer belaiichtet,’ p. 208, &c.) 
Mr. Kemble, who “ opened at least three thousand interments in North 
Germany,” and found in the whole only two skeletons, whilst in another 
part (Sinzheim) he found in 14 barrows, “70 interments and not one 
sure case of cremation,” thinks that the appearance of the barrows 
hitherto opened proves that the custom of cremation was at one time 
general among the Teutonic races, and that it only slowly disap- 
peared before the progress of Christianity, which imposed the practice 
of burying the bodies of the dead unburnt. For a time it seems to 
have been usual to inter the unburnt bodies in the tribal incl 
and even to open, for their reception, the old barrows to which family 
and other associations had given a kind of sanctity.. This custom seems 
to have continued as low down into Christian times as the 7th century, 
and in many places much later, but eventually the custom became uni- 
versal among the German races to inter their dead within the precincts 
of their churches, and hence every churchyard became a place of sepul- 
ture. We have quoted above Tacitus’s description of the ancient 
German manner of burning and burying the dead; and there can be 
little doubt, from the appearances presented by the major part of the 
more conspicuous barrows which have been opened at least as 
regards distinguished persons, his account is sutliciently accurate ; but 
Mr, Kemble, who investigated this point with great zeal and diligence, 
has shown that one and perhaps the mode was to burn the 
body upon a stone structure raised for the purpose. As the result of 
numerous explorations of A warty A unopened barrows, and a com- 
pecioon of Sere usions in old German and Scandinavian 

iterature, he infers that “a heap of stones was built, having a hollow 

for the body; the materials for a fire were laid in this, and the stones 
made red-hot, and then the corpse placed in the , and covered 
over with combustible materials all was consum The hollow 
was then filled up with more stones, and the whole surmounted with 
earth to form a barrow.” (‘ Archeological Journal,’ yol, xiv.) 


TUMULUS. 
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attention has been paid by the northern anti- 
primeval remains of Denmark, Sweden, and Norway, and 
countries have been carefully and systematically 
certain local peculiarities they bear a general 
: barrows occurring throughout the north of Ger- 
many, Holland, parts of France, and in our own country. From their 

antiquaries have classified them into barrows of 
¥ the Iron periods—a division already sug- 
ne to English antiquaries by the contents of English barrows. 
pac of the Stone. period are the oldest. They are often of great size, 


and 

bodies, together with objects of stone and amber.” 
yal Antiquities of Denmark,’ Thoms’s Trans., p. 93.) The earth has been 
removed from many of the more remarkable of these barrows, so as to 
leave only the stone circles, chambers, or cromlechs, exposed; but enough 
remains, as Mr. Worsaae observes, to show that they must have been 
enormous labour ; and they afford a proof that the people 
who formed them, and who were probably the earliest inhabitants of 
however rude, “could scarcely have led a mere nomadic 
life, but must have were a 
a, ig pretest cherished care and reverence for the departed.” 


bers, in no 


annexed illustration), from its singular form and large size, claims the 
first notice. These barrows differ considerably in form as well as mag- 


nitude. Some resemble the half of an egg cut down the middle; some 
are almost triangular; some form a ridge of equal breadth throughout ; 
but the greater number are wider at one end than the other, and that 
end is usually turned towards the east. They are commonly placed on 
elevated situations, and stand singly. They differ materially from cir- 
cular barrows in their contents ; for brass weapons, or trinkets, are never 
found in them. With few exceptions, bodies appear to have been laid 
on the floor of the barrow, at the broadest end, in an irregular manner ; 
and near one or two cists, cut in the native chalk, and covered with a 
pile of stones or flints. The Bowl barrow (No. 2) is the shape most 


the the exception of stone cists placed 
together, which, however, are easily to be distinguished from the stone 
cham They consist, as a general rule, of mere earth, with heaps 
es, and always present themselves to the eye“as mounds of 
in a very few rare instances, are surrounded by a small 
circle of stones, and contain relics of bodies which have been burned 


usually bury their dead ; later, the i 
with much religious ceremony ; and it is only when 

pagan rites yield before the progress of Christianity that a return 

is made to the sim Sopra art ar heave? spleen ae In the 
Scandinavian burials of the Bronze period, the body seems to have been 
burnt on a pile of wood ; the bones and ashes were then collected, and, 
together with various bronze implements and ornaments belonging to the 
deceased, put into an earthen vessel, or rude stone chest (cist), which 
formed the nucleus of the intended barrow. This central vessel was 
surrounded with small stones, and then covered with earth, so as to 
form a barrow. (Worsaae.) Only persons of eminent rank or merit 
seem to have had an entire barrow; in most cases the barrows seem 
to have belonged to families, while some are evidently the ordinary 
burial-places of the poor, excavations Pang. wace in the barrows in 


order to insert urns containing bones, pro! burnt at a common 
burning-place. as described by Mr. Kemble. barrows of this 
period are usually formed on high ground, and, whenever practicable, 


ially numerous in the islands, 
and in Jutland, Sleswig, and Holstein. 

Of Danish barrows of the Iron period the examples are comparatively 
few, and their date is evidently comparatively recent. In external 
they resemble those of the Bronze period, and they are not unlike 

in their internal arrangerhent; but they contain only unburnt 
Swedish and Norwegian barrows occur, however, in which 
are found. A distinctive feature of the barrows of this 
contain “ not only remains of the warrior but also 
those of his horse,” together with his trappings. Some of them have 
chambers of wood, and all display traces of costly habits and compara- 
tive refinement of manners in trinkets of gold, silver, and glass, figures 


not inelegantly carved and engraved of and other animals, runic 
inscriptions, &c. ; in some, as indeed in some of the Bronze period, 
trunks of rudely hollowed out like a coffin, have been found. 


was cate (Stukeley’s ‘ A tof Stonehenge,” fol 1740. 
. 's ‘ Accoun ,’ fol., 4 
The attention of the public was a second time drawn to the subject “4 
Douglas, in his ‘ Nenia Britannica,’ published in 1793: his researches 
were confined to the southern coast of 


and 
their contents in his ‘ Anciént Wiltshire,’ rf vols, 
fol., 1810, 1821. The classification of tumuli according to their shape, 
proposed by . Hoare, has been so generally adopted by English 
and French antiquaries that it may be ul to give it at length, with- 
out however Boros ie the conclusions which the author arrived at, 
and which are scarcely consistent with the present state of 
archwology. “We must not,” he observes, “consider every barrow 
as a were tumulus, or mound, loosely and fortuitously thrown up, but 
must rather view them as works of evident design, tod exeeated Wil 
the greatest symmetry and precision. The Long barrow (see No, 1, 
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usually found. It abounds on the Mendip Hills, in Somersetshire, 
and is sometimes surrounded with a shallow ditch. Dorsetshire also 
contains many barrows of this class. The Bell barrow (No. 3), from 
the symmetry of its shape, is probably an improvement on the bowl 
barrow. It occurs in the vicinity of Stonehenge. 

Of the Druid barrow, as it was miscalled by Stukeley, Sir R. C. 
Hoare distinguishes three varieties (Nos. 4, 10, and 11). The out- 
ward vallum, with the ditch within, is moulded with great care. 
the area are sometimes one, two, or three small mounds, which in 
most cases have been found to contain small articles, such as cups, and 
lance-heads, also amber, jet, and glass beads. Two other varieties of 
the Druid barrow have been casually observed. One is a low mound, 
inclosed within a vallum, and occupying almost the whole area (No. 5), 
In the other, the area is perfectly flat, and rises in a curved line from 
the vallum (No. 9). 

The Twin barrow (No, 7) consists of two conical mounds within a 
foss. The Broad barrow (No. 9) resembles the bowl barrow, but is 
wider and flatter at top. All these are regarded as belonging to the 
Celtic or ancient British period. 

Two other forms are mentioned—the Pond barrow (No. 6) and the 
Cone barrow (No. 8). Of the cone barrow, only a single example has 
been noticed, near Everleigh, on Salisbury Plain. Small cone-shaped 
barrows placed together in groups are usually of Saxon date: large 
numbers of them occur in the eastern parts of Kent. 

Another kind appears to have escaped the notice of Sir Richard C. 
Hoare. ‘These barrows are so slightly elevated that they can scarcely 
be discovered, except in the morning and evening, when the shadows 
are broad and marked. Their contents show them to belong to an 
early period. 

No. 12, a tumulus—or rather the ruins of a tumulus—called Mill- 
barrow, near Avebury, Wiltshire, set round with stones, was represented 
and described by Dr. Stukeley, in his work on Avebury, fol., 1743: it 
is fully described and figured under AveBuRY, in Groa, Drv. 

Tumuli inarow. In fig. 17 is shown a 


Sen occur arranged 
Ty | series of four known as the Bartlow Hills, in the county of Essex, on 


the south border of Cambridgeshire. They vary in size, as indicated 
in the di The largest, a, measuring 142 feet in diameter 
44 feet in height, was explored in 1835 by Mr. J. G. Rokewode an 
other gentlemen, who excavated a passage or gallery on the surface of 
the natural earth, from the extreme base to near the centre of the 
barrow. This line or gallery is marked (No. 18) a, extending 56 feet, 
where the workmen were ordered to extend the open space on each 
side; and at the distance of 13 feet they came to a square inclogure, or 


L 18 


| 
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ct, we a 17 . 
chest (c), which was found to contain various antique relics of genuine 
Roman or of Brito-Roman manufacture. These were glass urns or 
bottles, a bronze lamp and cup, a patera, a prefericulum (a long or 


tall vase, with a particular handle), glass vessels, a folding chair, bronze 


strigils, an enamelled vase, &c. The last and the bronze prefericulum ~ 
EE 


ao TUMULUS. 


TUNGSTIC ACID. 


are elegant and extraordinary vessels, and the only examples of the 
kind ever found in any of the tumuli of Great Britain, A particular 
account of these objects is given in the ‘ Archeologia,’ vol. xxvii. 

Ata place called the New Grange, near Drogheda, Ireland, there 
was a remarkable tumulus, which was explored in 1770 by Governor 
Pownall, who wrote an account of the barrow, and of other — in 
the vicinity, for the Society of Antiquaries of London, and published 
the same in vol. ii. of the ‘ Archwologia” He states that the mound 
consists mostly of large pebble stones, which must have been conveyed 
about 12 or 14 miles; and, by caloulation, the whole at least 
189,000 Ibs, The height is 70 feet, and the diameter about 400 feet. 
Surrounding its base was a series of rude stones, placed in a circular 
form, on their ends, as indicated (No. 14). A gallery formed of upright 
stones, ¢¢, with others placed on their tops, extended from the outer 
edge to near the centre of the tumulus, where there was an area 
surrounded by other stones, and covered by a dome or cupola, a. 
Branching from this area were three square recesses, ay & The 
accompanying diagrams show a plan and section of the gallery. 


1 Theitiett: 
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Silbury Hill, near Marlborough, Wiltshire, is one of the largest 
barrows in the world. [Avesury, in Goo. Drv.) See the cut in the 
preceding column, No. 13. 

Some very remarkable examples of tumuli, cromlechs, and stone 
chambers in Jersey, Guernsey. and other of the Channel Islands, 
have been explored and described with great acumen by Mr. Lukis. 
(‘ Archwol. Journal,’ &.) They bear, in many particulars. a curiously 
close affinity to the Scandinavian barrows, as described by Worsaae and 
the Royal Society of Antiquaries, Copenhagen. [CromLecn.] 

Sir Richard C: Hoare considers the deposition of the body entire, 
and its reduction to ashes by fire, to have been practised in England at 
the same time. There are, however, varieties of both. In the most 
ancient interments the body is inclosed in a cist, with the legs and 
thighs drawn up, and the head generally turned towards the north. 
The second is of later date. The body is deposited at full length ; but 
the head is pleced in no particular position, and arms and various 
instruments of iron accompany the skeleton : these burials of unburnt 
‘bodies in English barrows Seer in all respects a close similarity to those 
described by Mr. Kemble in North Germany. In the same manner, 
two modes of depositing the remains. after they were burnt, have been 
practised In the more ancient, the fragments of the burnt bones 
were collected and laid on the floor of the barrow, or in a cist exca- 
yated in the native soil. In the second, which is clearly the later, 
the bones and ashes were inclosed in a funeral urn, which was placed 
in a cist, usually with the mouth downward. In these cases portions 
of the cloth which enveloped the urn have ocvasionally been dis- 
covered, as well as small brass pins, by which the cloth was apparently 
fastened. 

Of urns, many varieties have been found in exploring the tumuli. 
The first or largest class was properly the sepulchral urn, and is always 
found to contain bones. The second is different both in shape and 
design : it contained neither ashes, bones, nor trinkets; and as the 
custom prevailed of depositing articles of food with the dead, these 
have received the name of drinking-cups, from a supposition that word 
were intended to hold fluids, Such vessels are frequently found wit 
skeletons. and are placed either at their head or feet. They are 
always ornamented with patterns, and would contain about a quart. 
The third are smaller still, and more fantastic in shape. They are too 
diminutive to have been receptacles for ashes. en were probably 
intended for perfumes, and have somewhat fancifully been named 
incense cups. At one time, there can be little doubt that barrows 
might have been found throughout the country; but they have been 

vyed as cultivation advanced Yet even now they are 

over a large part of the land, and they exist in considerable numbers 
where the land remains untilled— y, for example, in such widely- 
places as Wiltshire, Derbyshire, Kent, and the Channel 


~ We may add that the remains found in the British barrows, equally 
with those of the barrows of other Teutonic races, indicate three distinct 
stages or eras of society. The first was before the introduction of metals, 
when arms and implements consisted of spear-heads of flint, and arrow- 
heads of flint or bone; the second, when these articles were of bronze; 
and the latest, when iron instruments, arms, and utensils accompan 

the deposit. Of the sepulchral urn also there are two varieties, 5 
cating different periods of mechanical art. In the first the urn is 


fashioned hand. without ornaments, or with those of the rudest 
kind, and y the heat of the sun. In the second, it was evidently 
wrought on the , ornamented by the application of some instru- 


t with zigzags and other rns, and tinished and baked with 
ifferent degrees of skill and attention. Pussibly the first of these 
may belong to the earliest known inhabitants of Britain; and the 


others may 


be assigned to the latest 
later Saxons 


their dead in cemeteries of 
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GSTEN (W). 
Scheele in 1781, but was not isolated till some few 

name indicates “ heayy stone,” in allusion to the high specie 
of its Swedish ore. 

The chief, if not the only form in which tungsten occurs in 
is that of acid; sometimes free, but more often com 
ited cseplnndarey pet hareg depres Kewl pp ton 0 2 

has been regard ly as a mineral: 


2: 


i 
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od sonar gt ri aks; 

gsten may easily be obtained, from tungstie acid, by 

pects cop ated phates 

m 

with oil, and expose 

blast furnace, It is a steel-gray metal, susceptible of 

lustre, exceedingly hard and infusible, and of specific viy 

bee! ath f teat and soa etek Sir rere catlhsing aide te 

conductor of heat e iy, 

converted into tungstic acid. , 
The equivalent of tungsten is 92. 


Tungsten and oxygen form two definite 3 bin 0, 
and teroxide, or twngstic acid (WO,). A dark indigo-b} porta bey 
(W,O,) has also been described, but it is probably a or pos- 
sibly a compound of binoxide and teroxide (W,0,= WO,, WO,). 
inoxide of tungsten, or tungstous oxide (WO,), is a dark copper- 
coloured, almost b powder, obtained on hy over 
tungstic acid at a low red heat. It has also been formed in lustrous 
scales. Binoxide of tungsten has a great tendency to absorb oxygen, 
but forms with soda a compound that is not upon by any acid, 


except hydrofluoric. 
Tungstic avid (WO,).—The anhydrous acid, or 

may be eo a decom’ Wolfram (tungstate 

manganese MnJ, WO,+8Fe0, WO,), with aqua regia, 

to ness, digesting the residue in ammonia, 

tungstate of ammonia, drying, and hea’ 


iron 


iting to redness. It is a yellow 
powder, insoluble in water and acids, but soluble in alkalies, and in 
alkaline carbonates with effervescence, 

Hydrated acid (HO, WO,) is a w precipitate, formed on 
adding excess of hydrochloric acid to a solution of tungstic anhydride 
in alkali. 


Tungstate +2Aq.) Saag the important 
A fabrics vintetaarteaatlas uslin soaked in a roluteon ot 30 


of renderin, 
parts of this salt with 3 of phosphate of soda in 100 parts of water 
may readily be ironed and otherwise p for wear, and is then 
only charred when brought into contact with fire; it does not itself 
burn with flame and, therefore, does not propagate its combustion. 
Tungstate of lead rivals the carbonate as a pigment. A modification of 
tungstic acid in which two equivalents combine with one of base has 
been termed metatungstic acid (HO, W,0,). 

form two compounds. The first is a dark 


Tungsten and ok eet 
gray powder (W,P,) produced when phosphorous vapour is passed — 


over the metal, The second (W,P) occurs in crystalline groups of 
lustrous , and is obtained on reducing two equivalents of 
3 bead and one of tungstic acid in a carbon crucible at a very 


perature, 
ungysten and sulphur form bisulphide (WS,) and tersulphide 


Ti 

le | The former is a bluish-black, crystalline, plumbago-like perl 
remains undissolved when a well f mlspae t Ss eee 
Lacey pene ote yeep athe: sg ite ety iar ith water, ter- 
sulp is produced on dissol tic acid in an alkaline y 
and precipitating by an acid ; it soluble in water, is a 

powerful sulphur acid, 
Tungsten and chlorine combine in two proportions, On the 
dry gas over the heated metal, both chlorides are formed, the ve 
ons depending on the amount of chlorine. The dichloride 
(WCL,) is less volatile than the terchloride (WCl,), Both of them crys- 


‘The com: cate of tae 
not Fated b sul f hydrogen, ulpbide of ammonium. 
Sulp Mo eald sod sine ‘olde tetiteg 


lood-red on evoling. 
anhydride, which contains 79°32 per cent. of metal. 
UNGSTIC ACID. [Tuncsren.] 
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‘TUNING-FORK. 


the advertiser's way of saying that a standard g fork having 
been first constructed by a scientific , every tuning fork sold 
was by ear, with original. This is quite as it 
should be ; the terms used express something different. . 
TUNING-FORK. A steel instrument with two prongs i 
out of a handle, and so adjusted as to that when struck a certain 


, where the instrument is 
Germany a diaspason, the are bent into*the form of an exag- 

shoe, and a Gylinder of wood being placed in the widest 
part of the opening, is moved quickly upwards so as to separate the 


further apart, and they continue to vibrate for some time. 
Mad fai: uaeally tuned to 4 or ot the tenor, a toparate fork being 
provided for each pitch required. Mr. Klein has, however, introduced 
a fork which admits of adjustment for pitch by means of a small brass 
clamp, which slides — of the Prongs, and can be ager brn prior 
positions by means of a ¢ ing screw. By varying of the 
Seis GbEC MOGI tite Yitek of the Souk onus iS halen ot Lerated 
coun eas A tha kill geal pm aoe tar rel 2 wea 
for the clamp for giving the pitch adopted by each of the principal 
orchestras in Europe. 
It would be very desirable if a uniform pitch could be agreed on in 
the musical world; but so long as each nation continues to use its 
own ts and meastres, it will naturally claim the privilege of 

its own musical Under Acoustics, Concert Priren, 
and TEMPERAMENT and TUNING, some remarks are made on this sub- 
ject, by which it that for many years past the pitch has been 
St lana pele ere our public singers. Messrs. 

,» the -known pianoforte makers, employ three tuning- 
forks. all of different pitch: the first is the philharmonic standard 
of thirty years ago, and is used for tu pianos which give the 


standard of the present day. 
semitone between the first and third of these forks. 
It is stated that the middle o-fork used in Paris in 1699 was equal 


maker; nay, even forks 
shop, were not, as arule,in unison. Mr. Hullah 
the pitch should be kept down as much 
as possible, but he left it to Mr. Tomlinson to decide what number of 
to the note which it was 
oforte. In a letter addressed 
orlinson stated his reasons why 


the number 512 should be adopted. -We will quote a few remarks 
from the printed description which was written when this fork was 
issued, and which has been given with every fork that has been sold, 
ever since:— i 
“The tuning-forks now in use are themselves ed-~not u 

any definite principle—but by the imperfect Saari copying ; ach 
one being attuned in (apparent) unison with others. The workman, 
having no test but his ear to depend upon, is liable to fall into inac- 
curacies, the precise amount of which he has no means of determining + 
hence the standard itself may vary from time to time; and indeed it 
is known to musicians that the standard of musical pitch is higher in 
this country at the present time than formerly, any given note being 
how a little sharper than the similarly-named note in the times of our 
earlier composers. And not only so, but different vocalists of  dis- 
tinetion, instrumental performers, and musical instrument makers, 
adopt certain standards of their own, which often differ considerably 
one from another. These discrepancies, and the rapid extension of 
vocal music in England under the auspices of the Committee of 
Council 6n Education, have led to the opinion that the present is a 
favourable time to attempt the formation of a riyorous standard of 
pitch ; one which, by depending on an unchanging scientific principle, 
will be ind of local and temporary usages. ‘The principle 
here alluded to is that on which the pitch wholly depends—namely, 
the number of vibrations per second which produces the given note. The 
great rapidity of these vibrations renders the determination of the 
number a point of much difficulty: but science furnishes many 
resources whereby this determination can be made with great nicety. 
Any note might chosen as a standard, but the note “ Do” or 0, 
represented musically thus, has been selected as the one most gene- 


rally useful :— — 


This note in the new standard ttming-forks, is produced 512 
vibrations per second, a number, the simplicity of which renders it 
peculiarly valuable, It forms part of the geometrical series, 1, 2, 4, 8, 
16, 32, 64, 128, 256, 512, 1024, 2048; each term of which thus 
b bap tative of the natural note “ Do” (except the first 
five terms, which vibrate too slowly to produce musical sounds) ; every 
term being the octave of the next below it. Under such a system the 
lowest c on a grand pianoforte would be due to 32 vibrations per 
second; the highest c to 2048, and the highest note of the instrument 
to 2730, By careful experiments, made expressly for the present 
object, it has been recently determined, that the philharmonic g, 
the most authoritative standard in this country, vibrates a smaller 
number of times per second than 512; while Fischer, of Berlin, 
found, a few years ago, that the average of the pitch note a, in four 
celebrated Continental orchestras, gave a number which would raise 
the c to about 516 vibrations per second, Thus the numbers of 
vibrations per second of the pitch-note A at the principal Berlin and 
Paris theatres were as follow : 


Vibrations Vibrations 
per Seo, per Sec. 
which would give for 
Berlin Theatre . . —. 437yif, WHlch would give for } 524,48, 
Paris Grand Opera Frangais. 431%; Me ‘A 517545 
Opera Comique «6 47x05 ms a 51338; 
Opera Italien . . 4243, Rs fi 509 


“In selecting, therefore, the number 512, we not only obtain that 
which is theoretically most correct, but one which is also a convenient 
mean between various existing standards; it gives a very trifling 
elevation to the general English pitch, and furnishes a standard, which, 
for the first time in this country, can be numerically expressed in 
connection with the tuning-fork.” 

It is further stated that “ every fork is tested by an uniform standard, 
and stamped with a device expressive of the velocity of its vibrations 
= 512 per second.” , 

It is remarkable that this fork should have been almost entirely 
confined to the use of Professor Hullah’s singing-classes, and that when 
the Society of Arts committee was appointed the existence of a stan- 
dard for nearly twenty years, of which many thousands had been 
issued to the public, should have been known only to a few of the 
members of that committee. This committee seems to have been 
appointed in consequence of the imperial government of France having 
in 1858 a a commission to inquire into the best mode of 
settling a diapason normal. The commissioners, among whom were some 
eminent com) as well as men of science, presented their report 
early in 1859, in which it was admitted that the standard of pitch 
differs in different countries; that it differs among different musical 
establishments in the same ; that there is a tendency every- 
where to an elevation in pitch; and that + confusion arises from 
these circumstances, It was agreed that the Paris Opera standard 
ought to be lowered; and in order that existing musical instruments’ 
might be readily adapted to a lower pitch, about half semitone of 
diminution was recommended : namely, that the Opera a fork should 
be lowered from 896 to 870 vibrations per second, equivalent to 
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lowering of the tenor o from. 538 to 522. A decree of the Emperor | of tooth-like waves, which have only to be counted in order to deter- 
sanctioned this standard, and made it compulsory on all musical | mine the number of per second of the fork. 

The law which the vibrations of a tongue of metal fixed at 


establishments in any way REET by the state to adopt this stan- 
dard at Paris from the Ist of July, 1859, and in the provinces from the 
Ast of December following. 

The preliminary meeting of the Society of Arts was held on the 8rd 
of June, 1859. A large number of musical gentlemen and one lady, 
Madame Goldschmidt (Jenny Lind), attended, together with a few 
scientific men. It was agreed that the pitch had gradi risen, was 
still rising, that it ought to be and that the lement of a 
definite , once for all, was very desirable. Madame Gold- 
schmidt stated that within the short space of twelve years the pitch 
had risen sufficiently to make the change painful to the singers of 
soprano music. A committee was appointed to examine and report on 
the question : the deliberations lasted twelve months. It is worthy of 
remark that Sir John Herschel addressed a letter to the committee, in 
which he ag on pe his astonishment that the French commission 
should have fixed upon the number 870 for their a fork, or 522 for c; 
and he expressed his conviction that sooner or later the mathemati- 
cally simple and easily calculated 512 must be adopted. His proposal 
was to re-form the pitch effectually, and once for all, by the adoption 
of that number. The instrument-makers, he remarks, would be some- 
what puzzled by any change, but that the embarrassment would not 
be increased by making the full required alteration at once. The 
committee, however, reported in favour of a number between the two 
extremes—namely, 528, or the pitch established by the Stuttgard 
musicians in 1834. The instrumental performers stated to the com- 
mittee that they could lower the Opera pitch of 546 down to 528, but 
if they had to lower it to 512 some of them would have to purchase 
new instruments. On the other hand, the vocalists who would have 
preferred 512 were content to accept 528 as a compromise in the right 
direction. Besides this, 528 was recommended asa good number for 
the fundamental note of the octave, since it admits of the other notes 
of the scale being expressed in whole numbers without fractions. At 
the presentation of the report a strong attempt was made to obtain a 
vote in favour of 512, but without success; so that for some time to 
come this number will probably only reign in Professor Hullah’s 

-classes, 

¢ scientific process by which the number of vibrations per second 
is determined, consists in the use of one of three or four methods. 
The first is by means of the monochord, a string of known length-and 
diameter, stretched by a known weight usually in a horizontal position. 
The length of the string is the vibrating portion between two well-defined 
edges or bridges, and the weight is guided over a very small pulley. 
Fischer was, we believe, the first to point out a source of error in this 
arrangement, namely, that in the horizontal position the string is 
prevented by friction from experiencing the full effect of the weight, 
and the calculation will give the number of vibrations in excess of 
the true value. The string must therefore be in a vertical position. 
The formula convenient for calculation results from the mathematical 
theory of the vibrations of a stretched cord :— 


Let 1 = the length in inches of the cord or wire. 
¢ =the length also in inches, whose weight would be equal to 
that by which it is stretched. 


Then the number of vibrations per second will be 


=X x 98257, 


in which 9°8257 is 4 »/g, g being the accelerative force of the gravity 
of the earth at its surface, expressed in inches. 

Mr. henge (‘ wey on raed Intervals’) took a piece of the 
stoutest plain string of the pianoforte, weighing very nearly 2 grains 
to the inch: 272 inches melenad just 9 drams pay Tp Be A fine 
of 7°23 inches, stretched in a vertical position by a weight of 28 lbs. 
avoir., sounded the common pitch-note a: hence, according to the 
preceding formula, c= 98726 inches; ./c=3142 inches; +/c x 9°8257 


=3087°2 inches; and n= = 2d. “We therefore conclude that 


the pitch-note a vibrates about 424 times in one second, This may 
differ one or two vibrations from the truth, on account of the 
unavoidable small defects of the materials used in the experiment.” 
According to this determination the notes of the octave have the 
following values :—o 254, p 286, # 318, F 339, G 382, a 424, B 477, and 
c 509 vibrations per second respectively. 

The second mode of determining the pitch of a given note is by 
means of the Synen, and the method of doing so is briefly, but perhaps 
suiticiently, described under that head. For the method of Brats. 
we may refer to that head, and likewise to the articles Acoustics, and 
Temperament and Tontnc. But the most rapid and striking method 
of determining the number of vibrations in a given note is that 
recently introduced by M. Lissajoux [Nopat Pornts anp Lines]. By 
means of an eleetro- ic machine a disc one metre in circumference 
moves with strict uniformity, and makes one revol in one d, 
This disc is covered with a thin layer of copperplate printer's ink, and 
the fork is furnished with a small ivory away On vibrating the fork 
and bringing the point up to the rutating disc, it will engrave a number 


a 


one extremity, and to vibrate at the other, is that the number of 


vibrations of similar to: but of different lengths, are in the inverse 
ratio of the squares of Thus if one tongue be twice as 
long as the other, the shorter will perform four times as many vibra- 


tions in a given time as the . The method of tuning a fork by 
5 candela to sone with that standard, and if it 

with it, the two notes will sound in unison as one; if it do not 
a system of beats will be heard more or less rapid 
divergence. The tuner then adopts one of two methods: by 
a flat file he rubs off a portion from the ends of the prongs, thus 
reducing them in length, and making them vibrate quicker; or he 
introduces a rat's tail file and removes a portion from between the 
prongs, thus increasing their effective length and causing them to 
vibrate slower. = * 

It is undoubtedly true, that the pitch even of the tuning-fork is 
liable to slight variations from change of temperature. While writing 
this article we have performed the following experiment: two forks 

ere sounded together and found to be strictly in unison; one of them 
bg plunged into hot water for a few seconds, then wiped dry, 
again sounded with the other fork, when a very painful 
evident, 

On strikin ees A pe briskly on a hard substance, oth 
besides the damental note may sometimes be heard. Thi 
from nodal divisions in each limb, after the manner of strings 
[Pies], but not following quite the same laws. Where 
node it is at a distance from the fixed point, a little greater 
thirds the length of the prong; the note then given by this, 
called the second mode, is much sharper than when there is 
(or by the first mode), and the relative number of vibrations 
still higher note corresponds to two nodes (third mode), and 
higher to three nodes (fourth mode). These subdivisions of 
rods may also be produced in tubes. The squares of the odd 
3, 5, 7, 9, &c., represent with sufficient exactness the relations 
number of vibrations rages germ to the second mode, third 
fourth mode, &c, Under all these circumstances it may be 
1. That the number of vibrations of similar springs of different 
is in the inverse ratio of the squares of the lengths; 2, That 
number of vibrations of springs of the same length, but of different 
thicknesses, is proportional to their thicknesses; 3. That the width of 
a spring has no influence on the number of its vibrations, provided it 
be small the first 
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they reach the ear in different phases, and interfere and produce total 
or partial silence. A similar effect is by fixing , 
the mandril of a lathe, the length of the fork coinciding with the axis 
of motion; if the fork be vibrated no sound will be heard while it is 
rotating. Ifa vibrating tuning-fork be held with its handle obliquely 
in contact with the table, the resonance of the table is heard while the 
ong the 


planes of vibration coincide. If a vibrating tuning-fork be 
held over a cylindrical glass vessel of suitable length, the air in the 
glass will be made to vibrate and produce atone. If a second glass 
cylinder be held at right angles to the first, so that the respective 
openings of the two vessels form a right angle, the musical tone pre- 
viously heard will cease, but will sound again on removing the second 
vessel, an effect which arises from the interference of the vibrations of 
the air in the two vessels. 

TUNNEL, in civil engineering, an arched formed under- 
ground to conduct a canal or road on a lower level than the natural 
surface. The derivation of this which, in the sense above given, 
is unnoticed by most lexicographers, is rather uncertain. Richardson 
places it among the derivatives of tun, and defines it as “ any inclosure, 
inclosed way or ;” as a chimney-tunnel, or passage for smoke, 
in which sense the word tunnel or tonnell is used by Spenser and other 
early English writers ; a passage for liquor, in which sense, as well as 
in shat last mentioned, it is convertible with funnel; or a net shaped 
like a tunnel for liquids, wide at the mouth, and diminishing to a point. 
He also observes that “Tooke thinks tun and its diminutive tunnel 
(Anglo-Saxon, Zonel, tenel) are the past participles of the [Anglo- 
Saxon] verb tyn-an, to enclose, to encompass.” 

Long tunnels are usually made through hills in order to avoid the 
inconvenience and loss of power occasioned by conducting a canal, road, 
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, and the enormous expense of such an 
open excavation as -be necessary in order to preserve the re- 


' quisite level. Those of less extent are frequently constructed to avoid 


the opposition of landowners, or to afford uninterrupted passage under 
a road, canal, or river. Many tunnels of the latter character differ in 
no material point from bridges; but in the case of oblique crossings a 
tunnel is distingui from an oblique or skew bridge by its faces 
being at right angles with the direction of the lower passage, instead of 
being parallel with the direction of the upper Of this 
character are the tunnels under the Hampstead , between Euston 
Square and Camden Town, and the Kensall Green tunnel, under the 
Harrow Road, both on the line of the London and North-Western rail- 
way ; and on the West London railway, passing under the Paddington 
canal at Wormholt Serubbs. The Thames tunnel is the most re- 
markable example of tunnelling under a river, and, although far less 
extensive than many other tunnels, it is, from the. almost insuperable 
difficulties of its situation, perhaps the most astonishing work of the 
kind ever executed. Another class of tunnels are those made under 
towns, in order to form a canal or railway communication with points 
which are inaccessible by an open passage, except at great expense. 
The Regent's canal, for example, passes under Islington, London, by a 
tunnel three-quarters of a mile long; and the Liverpool and Man- 
chester railway is conducted from the station at Edge Hill, on the 
outskirts of Liverpool, to the docks at Wapping, for goods traffic, and 
to Lime Street, in the centre of the town, for passenger traffic, by two 
tunnels, each of which is about a mile and a quarter long. 
The construction of tunnels is by no means of recent origin, althou; 

it is only of late that they have become common. The outlet for 
drainage of the lake Copais in Bootia [Baorta, in Gro. Drv.] is one 
of the oldest monuments of the labour of man. The great tunnel in 
Samos, which was seven stadia, or 4200 Greek feet, in length, was 
driven through a mountain 900 feet high, for the purpose of serving 
as the bed of a channel to convey water from a natural source to the 
city of Samos. (Herod., iii. 60.) The Posilipo near Naples, which is 
aleawk aaoki on the beginning of the reign of Tiberius, is a tunuvel 
three-quarters of a mile long. The tunnel which was made at an 
early period in the Roman republic for the partial drainage of the 
Alban Lake is above a mile in Of ancient works of this 
character there is a remarkable example in the subterranean canal from 
lake Fucinus, or the lake of Celano, to the river Siris, originally formed 
eer ere ene oun orean Fears. nce by order of the 


eapolitan government. This extensive tunnel. which is about three 
miles irty feet high and twenty-eight wide at the entrance, and 
nowhere than twenty feet high, passes in part through solid rock, 


and is lined in other places with masonry ; and it to have been 
constructed in a manner resembling that now usually followed, the 
excavation having been carried on by several parties or gangs simulta- 
neously, by means of vertical shafts, and inclined or galleries 
from the sides of the mountain. A minute account of the tunnel, 
as it appeared during the clearing-out, is given in the thirty-eighth 
volume of‘ Blackwood’s Edin Magazine’ (p. 657), in a paper 
entitled ‘ Eight Days in the Abruzzi.’ The object of this tunnel is to 
off the su uous waters of the lake; but in more recent times 
similar works have been executed for navigable canals. These are 
ly in England of small transverse dimensions, being calculated 


by a rope or chain, 


on the deck, or on pro 
thrusting against the sides or roof of the tunnel with their feet. This 
dangerous practice has occasioned much loss of life, and is also objec- 
tionable on account of its tediousness, as boats are often detained for a 
long time at one end of the tunnel while a boat is coming from the 

end. In the evidence before the House of Lords on the 


the Baron Dupin, in his ‘Commercial Power of Great Britain,’ “ that 
at the moment when the passage begins. a file of boats a mile long is 
often seen.” To prevent confusion, those going towards Liverpool 
were allowed to pass in the morning only, and those in the contrary 
direction in the evening. This tunnel, which was formed by Brindley, 
and was one of the earliest works of the kind executed in this country, 
was commenced about the year 1766. It is 2830 yards long, 12 feet 
wide, and 9 feet high, and is in some parts as much as 70 yards 
beneath the surface, It is lined with a semicircular brick arch, and 
was completed for the small sum of 3/. 10s. 8d. per yard. Increased 


traffic upon the canal having rendered it necessary either to construct 
a new tunnel or to enlarge the old one, the former alternative was 
adopted ; and in 1822 Telford was engaged to superintend the work. 
The new tunnel, which runs parallel with that of Brindley, is 2926 
yards long, 14 feet wide, and 16 feet high; and, notwithstanding its 
greater dimensions, it was executed in less than three years: the 
original tunnel occupied eleven years. The new tunnel has an iron 
towing-path, so supported as’ to allow the water to play freely beneath 
it, which gives the advantage, so far as the play of the waves is con- 
cerned, of a waterway of the full width of the tunnel. It is perfectly 
straight, and the light can be seen from end to end; and so agreeable is 
the travelling through it, that one of the bargemen said, after passing 
it, that he wished it extended all the way to Manchester. 

Although in some cases the adoption of a tunnel on a line of railway 
or canal may be decided by the necessity of non-interference with pro- 
perty on the surface, it is more generally a question of expediency, 
which involves the consideration of many important points, among 
which the nature of the ground is one of the first. The ground should 
be examined by numerous borings, because sudden breaks or faults in 
the strata, which may occasion great difficulty and expense in tunnel- 
ing, may otherwise escape notice. The Kilsby tunnel, on the London 
and North-Western Railway, presents a case in point; the trial shafts 
having been accidentally sunk just beyond the limits of a bed of 
sand and gravel, so full of water as to resemble a quicksand, occa- 
sioned so much difficulty that the contractors had to relinquish the 
work, which had been let for 99,0002 , but ultimately cost upwards of 
320,000/., or about 133/. per yard. If the first small borings appear 
satisfactory, shafts of at least four feet diameter should be sunk along 
the line of the tunnel, down to its extreme depth; and the quantity of 
water which appears in these shafts in a given time be noted, in order 
to ascertain, as nearly as possible, what draining power is requisite. If 
the trial shafts be judiciously placed, they may subsequently be used 
as working shafts, which will render the expense of forming them of 
large diameter immaterial. When the quantity of water and the 
nature of the strata have been thus tested, the engineer possesses data 
for calculating the comparative cost of a tunnel and an open cutting, 
in doing which it is necessary to consider the adjoining works of the 
line. If embankments be required within a reasonable distance of the 
proposed tunnel, it may become a question whether it will be more 
economical to make a cutting, and to carry the excavated earth to the 
embankment, or to-adopt a tunnel, and to obtain the required quantity 
of earth for the embankment from side-cutting, or in any other way. 
Sometimes it may be necessary to deposit the material taken out of 
the tunnel in spoil-banks, in which case the power of obtaining sites 
for them, and of making convenient temporary roads or tramways for 
the removal of the earth, must be considered in selecting the positions 
for the working shafts. These are only a few of the points to be con- 
sidered in estimating the expense of a.tunnel, among the less prominent 
of which is the probability of being called upon for damages owing to 
the intersection of springs, which may occasion mischief at a great dis- 
tance, Cases have occurred in which the water has been drawn from 
wells a mile from the tunnel, This evil may often be remedied by 
sinking the wells to a greater depth, but in some cases it is better to 
offer compensation at once. The cost of the actual making of the 
tunnel varies very greatly, according to the nature of the ground and 
the amount of brickwork required. Lecount, in the article ‘ Tunnel’ 
in the ‘ Encyclopedia Britannica, states that many of the old canal 
tunnels were made- for less than 4/. per lineal yard, and that railway 
tunnels of the ordii dimensions vary from about 20/. per yard, in 
sandstone rock, which is at once easy to excayate,and able to stand 
without ,any lining of brickwork or masonry, up to from 100/. to 1401. 
per yard in very loose bad ground, such as a quicksand, which may 
require a lining of brickwork twenty-seven inches thick. The cost 
of the Thames tunnel was about 1200/. per yard; but in this case, in 
addition to the unparalleled difficulties attending the excavation, the 
amount of brickwork is much greater than in ordinary tunnels, and 
there = two arches, each of which may be considered a distinct 
tunnel, 

Rocky strata, if the stone be of a nature to work freely, are usually 
the cheapest for tunnelling, owing to the absence of lining, and the 
power of saving labour by the use of gunpowder, In the extraordinary 
tunnels and rock excavations at Bishopton, on the Glasgow, Paisley, 
and Greenock railway, 314 tons of gunpowder were used in a length of 
2300 yards in hard whinstone, some veins of which were so hard that 
the rate of progress at each face of the excavation varied from three 
feet six inches to six inches only per diem. The Box tunnel, on the 
Great Western railway, passes fur a considerable distance through 
strata of Bath freestone, geologically termed the great oolite formation, 
and presents some features worthy of notice. Major-General Pasley 
was deputed by the Board of Trade to examine this tunnel, and 
from his report, dated August 12, 1842, the following particulars are 
derived ;—‘* The tunnel occurs on a gradient or inclination of 1 in 100, 
ascending from+ west to east, while the natural dip of the oolitic 
strata is about the same in the opposite direction: they are nearly 
horizontal in a direction from north to south, or transverse to that 
of the tunnel. The strata vary in thickness from 24 to 4 feet and 
upwards, and are intersected by vertical tissures, of trifling width, but 
of considerable height; the direction of which is generally at right 
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with that of the tunnel, but in some cases ‘obliquely across 
it.” The eastern end of the tunnel is, for a short distance, lined 
with masonry; beyond which, for about half a mile, the excava- 
tion is left without any support from masonry or brickwork, its 
extreme width being, in this part, 30 feet, and its height varying 
from 30 to 40 feet, in order to avoid finishing above in any stratam 
of doubtful character, which, though sufficiently strong in the sides, 
might not be so trustworthy as a roof. The sides of the excavation 
are cut in the form of an oblong elliptical or nearly a Gothic arch ; 
but the uppermost bed of oolite, which forms the roof of the tunnel, 
bas not been completed in that form, but has, for greater strength, 
been left flat for a width of two or three feet; and in order to avoid 
the risk of exfoliation which would have attended the cutting of the 
edges of the strata to a thin wedge shape, had the curved line of the 
tunnel been continued unbroken where it intersects them in the sides 
of the roof, they are cut in the form of steps, each stratum presenting 
a thick blunt edge; so that, in the words of Pasley’s report, “the 
upper strata of the oolite being supported by those below them, beyond 
which they each successively project in a moderate degree, like corbels 
in architecture, the whole enter into that sort of combination which 
has the strength of an arch without its form ; provided that the vertical 
fissures do not cut through them longitudinally,” of which no symp- 
tom was apparent. The remaining portion of the Box tunnel, passing 
in the centre through beds of fullers’-earth and clay below the great 
oolite formation, and towards the western extremity through the infe- 
rior oolite, is arched over with brickwork, varying in thickness from 
four to seven concentric half-brick rings, and at the western entrance 
containing nine such rings. An inverted arch is introduced excepting 
where the oolite forms the foundation or bottom of the tunnel ; and in 
some parts a portion of the side walis has been formed of the inferior 
oolite, unprotected by brickwork, although it has not in any instance 
been trusted for the roof. The judicious adoption of such changes in 
the amount of masonry forms an important part of the duty of the 
engineer, and is essential to the construction of tunnels at a moderate 
expense, although it may occasionally lead to failure, as in the case of 
the Summit tunnel at Littleborough, on the Manchester and Leeds 
railway, where, in passing through a stratum of blue shale, the invert 
had been discontinued for a short distance; but the shale, although 
apparently hard and firm, was so affected by the atmosphere as to soften 
and yield under the pressure of the sides, rendering it necessary subse- 
quently to put in a strong invert of masonry. : : ; 

Tunnelling in clay is frequently attended with formidable difficulties 
which render it very expensive. It is, when tough, a difficult material 
to remove, blasting being of no use, and spades and pickaxes being 
almost inapplicable. Lecount states that in such cases hatchets may 
be used to advantage, but that cross-cut saws answer best, The 
Primrose Hill tunnel, on the London and North-Western railway, 
passing through the London clay, is an example of the difficulties of 
such a material. The engineers, warned by the failure of the tunnel 
attempted some years before through the same material at Highgate, 
on what is now called the Archway road, which fell in owing to the 
insufficiency of the brick lining, adopted unusual precautions in the 
first instance, excavating only nine feet in advance of the brickwork, 
and supporting the clay by very strong timbering until the arching 
was complete. Owing however to the extraordinary mobility of the 
moist clay, the pressure upon the brickwork was so great as to squeeze 
the mortar from the joints, and to bring the inner edges of the bricks 
in contact. The evil was augmented by the form of the bricks, which, 
according to the custom in and near London, were made with hollow 
surfaces, and were consequently unfit to bear great pressure, because 
their edges only could come in contact, The result was, as stated in 
Lecount’s ‘ History of the Railway, connecting London and Birmingham,’ 

. $2, 33, that “by degrees the bricks were grinding to dust, and the 
dimensions of the tunnel insensibly, but irresistibly, contracting.” 
This difficulty was overcome by the use of very hard bricks 
laid in Roman cement, which, by setting hard before the external 
pressure became 80 great as to force the bricks into actual contact, 
enabled the whole surface of the brick, instead of its edges only, to 
resist the pressure. The thickness of the brickwork was also increased, 
go that in most parts of the tunnel it amounts to twenty-seven inches. 
The occurrence of a similar material in the line of the Fareham tunnel, 
on the Gosport branch railway, occasioned great expense, and produced 
aslip of the superincumbent earth which carried away about forty 

in length of the brick arching, although it was of the unusual 
thickness of three feet. 

Tunnels formed through chalk are often impeded by faults or cavities 
filled with wet gravel or sand, which pour a flood of semifluid matter 
into the excavation as soon as they are cut into. The irruption of 
such loose materials, as well as of water alone, has in many cases occasioned 
difficulties almost insurmountable, In the Watford tunnel, on the 
London and North-Western railway, which passes through the upper 
chalk formation, where it is covered with a thick i ilar bed of gravel, 
such breaks occasioned great inconvenience. The chalk had occasional 
fissures, eometimes as much as one hundred feet deep, filled with clean 
gravel, “ whic * observes Lecount (‘ History,’ &c., p. 114), “ when 
worked into, rashed down with such violence, as to plough the walls 
of the tunnel as if bullets had been shot againstit.” Such an accident, 
occurring at the foot of one of the working shafts, overwhelmed ten 


men who were at work in the tunnel, and led to the construction of 
the large ventilating shaft near the centre of the tunnel, which ocoupies 
the site of the cavity. Loose sand is perhaps the most difficult soil 
that can be met with in tunnelling, but it has been in several instances 
successfully passed through. In the tunnel on the Leicester and 
Swannington railway, one of the earliest railway tunnels, a loose dry 
running sand was encountered for a distance of five hundred yards, 
which it was to make a wooden tunnel to support the soil 
while the brickwork was executed. When water ocours with the loose 
soil the difficulty is still greater. This was the case in part of the 
Wapping tunnel = Liverpool, a portion of which fell in, ne « depth of 
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engineer, conquered this obstacle by sinking shafts, a li 
line of the tunnel, for pumping out the water, and so draining the 
sand until it was sufficiently dry for tunnelling. These shafts were 
sunk through the quicksand by means of wooden tubbing, and from 
them headings were driven to collect the water and to conduct it to 
the pumps. Steam-engines were erected to work the pumps, which 
were used incessantly for nine months before the sand was dry enough 


working of the tunnel was recommenced, headings were driven from 
the pumping shafts to the bottom of the working shafts, by means of 
which the tunnel was freed from water. The q er 


so freely from fissures in the freeatone rock 
tunnel is driven, that in November, 1837, the steam-engine employed 
in pumping proved insufficient, and the water filled one division of the 
tunnel, and rose to the height of fifty-six feet in the shaft, thereby 
suspending the work until the following July, when the water was over- 
come by means of a second engine, of fifty-horse power, After another 
irruption in the same tunnel, the water was pumped out at the rate of 
thirty-two thousand ee oe aday. The of the 

and several other tunnels was stopped for a time in like manner. In 
no case however has the irruption of water or the badness of the ground 
proved so serious a difficulty as in the Thames tunnel. 

Short tunnels are occasionally excavated from the ends only, but 
those of considerable length are usually formed by vertical 
shafts, about nine feet in diameter, down to the level of the tunnel, 
and excavating in each direction from the bottom of those shafts, until 
the several parties of workmen meet in the intermediate portions. By 
this means the work can proceed at any required number of points or 
faces, so as to bring the execution of tunnel, whatever may be its 
length, within a moderate period of time. The accurate junction of 
these detached workings is provided for in the following manner :— 
In setting out the tunnel, the engineer plants a transit-instrument in 
an observatory erected in the line of the tunnel, supporting it on a pier 
insulated from the building to prevent vibration. If a road happen to 
pass near the observatory, the ground should be excavated round the 
pier to a depth of from six to ten feet, according to the traffic, for the 
same p A distant mark should then be selected in the line of 
the tunnel, and a fixed point placed as an adjusting spot for the line 
of direction, which point should be at a considerable distance. Inter- 
mediate marks for the working and ventilating shafts may then be set 
out correctly; and as these shafts are sunk, the points determined by 
the transit-instrument are carried downwards by carefully 
plummets, which should be of iron, and let down in buckets of water, 
or, which is better, in cups of mercury, to check vibration. When the 
shafts are cleared out at the bottom, other transit-instruments may be 
placed in them, the plumb-line and transit being kept as far apart as 
possible. The intersection of the vertical hairs in the transit with the 
apse will then enable the engineer properly to set out the work. 

iy these means junctions are effected between the several workings, 
or shifts, with surprising accuracy. In a length of 1520 feet between 
two shafts of the Box tunnel, which has a slope of 1 in 100, the 
junction of the two shifts was perfect in point of level, and did not 
Geviate smote Snel’ sit Sat AO 9: Seen a ee 
Even in curved tunnels, although the difficulty is increased, 
exactness is attainable. In those on the Glasgow and Greenock railway 
at ae the deviation from perfect correctness nowhere exceeded 
two inches, 

The number of working shafts in a given length of tunnel is deter- 
mined by the nature of the ground and the time allowed for excavation, 
They should be so near together as to allow the tunnel to be excavated 
and lined, if brickwork be requisite, for a length equal to one-half of 
the distance between two , at least two months before the time 
appointed for the completion of the tunnel ; that time being desirable 
to allow for accidents, for building the tunnel-fronts, ballasting and 
laying the railway, &c. The shafts are usually 9 feet in diameter in 
the clear, and lined with brickwork 9 inches thick, laid in cement ; all 
the bricks being laid as Acaders, or with their ends towards the centre 
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vary with 
i are by no means uniform as to the dimen- 
sions of their shafts. Those of the Box tunnel are mostly 25 feet in 
diameter, while some tunnels have been excavated with shafts of 


'y 
removed io Recah a simple roller or winch worked by two men; 
and when 
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may have to wait occasionally for the coming up of the skip; 
is 


boy, and a ban’ or skip lander. The roll or winch 
commencement of the shaft, supported by four bars or cills 
the ground; and the excavation is continued 
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i uently but half a brick, or 44 inches 
completed, excavation is recommenced, and is 
a vertical line even with the inner surface of the brick- 

by the earth left under pe hentg which 

props. 

80 So oso ame the os 
appears weak, a second curb is inserted in a ve cut e 
the two curbs is divided into four, six, 

ical masses, of which one or two are removed to a depth 
the thickness of the brickwork. The wall is then built up in 
and a further portion of earth is removed, and so on until 
When the shaft is carried down to the full 
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Seite clan cn, posi $0 excavate laterally by forming a heading or 
driftway along the level of the upper part of the tunnel. Sometimes 
such a drift is formed throughout the whole length of the tunnel 
before any part is opened out to the full size ; but in other cases it is 
made in short portions, little exceeding the lengths in which the exca- 
= Selby heey be porlledagy iarrbey daleempboe Ahegl Haeetgar ed 
the ground, from 3 to 15 feet. In the former case the way, which 
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affords a satisfactory by of the 
strata to be passed through, and of the probable quantity of water to 

met with, for which it may in some cases serve as an adit or drain ; 
ing is occasionally formed before 


Lone cape ndastvederertage 

In addition to the working shafts, the contractor is usually allowed 
to sink any number of small air-shafts of 8 or 4 feet diameter, as may 
be necessary to prevent the accumulation of foul air in the workings of 
the tunnel; provided that no such shaft shall open into a public road, 
or be within 50 feet of a w shaft. These are formed in a similar 
manner to the working shafts, and both are finished at their lower 
ends by resting upon a cast-iron curb or ring imbedded in the masonry 
of the roof of the tunnel, and at the upper ends, after the works are 
em about 10 ce Pag the surface, and 
In v tunnels one or more large per- 
desirable ioteveoen of ventilation, and also to 
to lessen their gloom. In the Kilsb 

is between a mile and a quarter and a mile and a 
two such ventilating shafts, 60 feet in diameter and about 
feet deep respectively. These were built from the top 
ve ibed, in portions 10 feet deep, 
Lecount gives the following directions 
of such a shaft, if in unfavourable ground :— 
at the point of intersection should be of stone. The 
the shaft, to the height of 46 feet, should be 8 feet 
next 17 feet, 2 feet 8 inches thick ; the next portion.of the 
extent, 2 feet 3 inches; and the uppermost 16 feet, 1 foot 10 
The bricks should be laid in ite courses of headers and 
stretchers, and each brick should be well flushed up. The top may be 
finished with a stone coping and an iron railing, and protected by an 
iron fence wall, to prevent the risk of anything being thrown down the 
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tunnel there is such an eye 300 feet ei fn 
inburgh and 


times as low as the springing of the inverted arch which forms the 
en a complete brick lining is required, the 

invert is the ps first built, and it is completed by a course of stone 
side, at the point where the side walls spring from it, 

courses of stone, which are marked a, a, a, @, in the subjoined 


cuts, figs. 1 and 2, consist of blocks about three feet long, well bedded 
in mortar, upon a few courses of brickwork laid as a footing, The 


Fig. 1, 


side walls are next raised, with such a batter or curvature as may 
enable them best to sustain the pressure of the external earth; and 
when they are raised to the level of the springing of the arch, beams 
of wood, called cills, are laid across the tunnel and built in with the 
brickwork, Upon these cills the trusses of the centering are set up, 
and adjusted with wedges to the proper height. Laggins, or pieces of 
wood stretching longitudinally from one centering to another, are then 
added, and upon these the bricks are laid. In some cases the cills are 
supported upon trestles, instead of being built into the walls; and 
where this is not the case, the holes left in the masonry must, after 
the removal of the cills, be carefully filled up. The excayation should 
always be made as nearly as possible of the size and shape of the 
intended masonry ; and as the building proceeds, every cavity left out- 
side the brickwork should be carefully filled up, Well-pownded clay 
may for this purpose be rammed under the invert, and almost any 
other material may be used for the sides and roof, The ramming of 
the sides may be performed after the laying of every second course of 
brickwork, and that above the arch as frequently as convenient. The 
timbers used to support the superincumbent earth are in most cases 
removed as soon as the arch is completed; but in very bad ground it 
is sometimes n to leave them imbedded in the earth, When 
the work has proceeded. so far that the excavations from the two 
adjoining shafts are within about fifty yards of each other, if no drift- 
way have been previously made through the tunnel, it is advisable to 
drive a heading through the intervening earth, to insure a perfect 
junction of the two shifts, 

Many of the earlier tunnels were constructed with vertical sides and 
a semicircular arch ; but it is now more usual to have the sides curved 
or battered, the degree of curvature, as well as the shape of the arch 
which forms the roof, being varied according to the nature of the 
ground, as soft semi-fluid ground will press much more equally in 
every direction than strata of a harder and drier character, and will 
therefore require a nearer approach to the circular form. The annexed 
cuts represent two varieties of form, the details of which are taken 
from the first series of Brees’s ‘ Railway Practice,’ Fig, 1 is the form 
of the Primrose Hill tunnel, in movable London clay. The invert, 
which consists of three concentric half-brick rings, is a curve of 25 feet 
radius; the arch, of four half-brick rings,” is struck with a radius of 
11 feet 9 inches; and the sides are arcs of 27 feet 6 inches radius. 
The width of the tunnel is 21 feet 5 inches at the springing of the 
invert, and 24 feet 8 inches at the widest part. The clear height of 
the tunnel is 21 feet 8 inches, the remaining depth of 3 feet 4 inches 
being occupied by the ballasting, drain, &, The side walls are 
18 inches thick, like the arch which constitutes the roof. Fig, 2, 
which represents the transverse section of the Linsdale and Kilsby 
tunnels, both on the North-Western railwa: , has an elliptical arch, con- 
sisting of several circular ares, of which the lower pair, extending from 
the invert to the point marked b, are struck from radii of 42 feet 
8 inches, the centres being upon an horizontal line 8 feet 4 inches 
above the springing of the invert; the portion from b to c has radii of 
21 feet, the centres being on the same horizontal line; that from ¢ to 
d has radii of 14 feet 44 inches; and the crown of the arch is a curve 
of 9 feet radius. In this case also the invert, instead of being struck 
from a centre in the crown of the arch, has its centre some feet below 
it. The internal height of this tunnel is altogether rather more than 
27 feet, and its greatest width is 24 feet, These dimensions are rarely 
much exceeded on railways of the ordinary gauge, where two tracks 
are provided for; and for a single track perhaps 12 feet wide and 
16 feet high may be taken as an ayerage, Both the invert and the 
arch should be built in half-brick rings, care being taken to put in the 
proper number of bricks to each ring, that the bearing may be uniform. 
In tunnels of the ordinary dimensions, each ring should contain five 
more bricks than that immediately within it. he side walls may be 
built in what is called English bond, consisting of alternate courses of 
headers and stretchers. The bricks should always be of the best 
quality, and, when the form of the tunnel requires it, moulded of a 
taper shape, In the laying also care is requisite, and every brick 


* As before stated, it was found necessary, in most parts of this tunnel, to 
increase the thickness of the brickwork from 18 to 27 inches, 
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1 
should be bedded with a wooden mallet, and the joints, if in mortar, 
well flushed up. The thickness of the lining is regulated by the nature 
of the ground; but Lecount says that 27 inches at the top and sides, 
and 18 in the invert, if laid in cement, will be sufficient, even in a 
uicksand : there are, however, instances of a thickness of 10 rings, or 
ts inches. It is sometimes considered advisable to lay the first or 
inner ring of the roof without mortar, and then to grout it, by which 
means an equable pressure is 
A brick drain, built in Roman cement, with the joints left 
about half an inch to admit water from the ballasting, should be laid 
along the centre of the tunnel ; and if the shafts let in water, it should 
be collected and conducted down the inside of the arch by ipes. 
Water should be excluded as much as ible during the bui ding of 
other means as 


iy 

used, water will frequently percolate through the brickwork to a serious 
extent. At he Chord coal, near Wakefield, -this inconvenience 
has been remedied by lining the roof with sheet zinc. In the Thames 
tunnel there is an interior lining of cement, behind which channels 
are provided in the brickwork for the passage of water. A remarkable 
instance of difficulty arising from this cause occurs in the Beechwood 
tunnel, 302 yards long, upon the London and North-Western railway. 
It passes through alternate strata of rock and marl abounding in 
springs; and, in the first winter after its erection, a chemical action 
took place, which partially destroyed many of the bricks. It was pro- 

to line the arch with cement; but an apprehension was enter- 
tained that it would not adhere, owing to the constant dropping, and 
it was determined to apply an interior lining of brickwork, 9 inches 
thick, and to cut chases in the old work, which, when closed in by the 
new arch, should become so many drains, 44 inches square, to conduct 
the water to the central drain or culvert. The tunnel was divided 
longitudinally by a temporary partition, and the work was executed in 
one-half of the tunnel at a time, without stopping the in the 
other half. After executing as much as possible of the brickwork in 
this way, a series of bearers was laid overhead ce gk J a close 
flooring, on which the men stood to complete ghe The details 
of this curious operation, which was compl in forty days, in the 
latter end of the year 1840, were fully detailed by Mr. T. M. Smith, in 
a paper laid before the Institution of Civil Engineers. 

In laying the roadway in a railway tunnel care should be taken to 
avoid the use of any ballasting of a character likely to retain water, 
The ballast is sometimes thrown down the shafts on to an inclined 
plane at the bottom, which conducts it in the right direction. In 
spreading it, it should be well beaten down with wooden rammers, and 

blocks or sleepers should be bedded with great care. As it is 
especially desirable to avoid all risk of accident in travelling through 
tunnels, while their darkness might prevent the immediate detection of 
any derangement of the rails, some engineers, for greater security, place 
the sl or points of support closer together in tunnels than on other 
parts of the line. The temperature being more uniform than in the 
open air, renders it easy, with proper care, to provide more accurately 
than usual for alterations in the length of the rails by expansion and 
contraction. 

Although, in the majority of cases occurring in railway and canal 
practice, tunnels are constructed in the manner just described, there 
are exceptions which require notice. In tunnelling near the side of a 
hill expense is occasi ly saved by driving horizontal or nearly hori- 
zontal , which are called galleries, from the face of the hill to 
the line of the tunnel, and removing the excavated earth through them. 
The double tunnel through the Shakspere Cliff, near Dover, on the 
line of the South-Eastern railway, was constructed in this way. A 
benching or road was formed along the face of the cliff, to afford the 
means of access for the workmen; and the tunnel was excavated by 
means of seven galleries opening in the face of the cliff, and inclining 
towards the sea at the rate of 1 in 176. Their average length was about 
400 feet ; their width 6 feet, and their height 7 feet ; and the excavated 
chalk was conveyed along them in small tram- , and tipped into 
the sea. There are also seven vertical shafts of 6 feet diameter, and of 
an average depth of 180 feet. The tunnel consists of two arches or 

, 12 feet wide, separated by a wall of chalk 10 feet thick; they 
are about 19 feet high to the springing of the arch, which is of a Pointed 
or Gothic form, and about 30 feet high in the centre; and each has 


Kensall Green, and parts 
were formed in this way. In such cases the sides of 


e cutting are 


made nearly vertical, and supported by timbers until the brickwork is 
executed, 


u 
While the projects for some of the earliest English railways were 
before —s rent, much discussion took relative to the veutila- 
tion lighting of tunnels, and to the which they m 


urged by their opponents that 
terraneous excavations would prove highly detrimental to health ; that 
the noxious [gr emitted from the locomotive engines would accumu- 
late and render the air irrespirable; and that the sudden 

from light to darkness, and vice versd, would be very injurious 
sight. The discomfort arising from 
exist, and from the deafening noise of tunnel-travelling, 
sufficient to give a preference to an open cutting, when such a line 
obtainable at moderate expense, but they 

predictions of the alarmists. Some i 


benefit.is derived from the light admitted by them, although attempts 
m the em, 

were made to diffuse it by means of tin reflectors. The i 
succeeded so far as to enable a person to read the larger print ina 
newspaper advertisement in any part of the tunnel; but it is 


of day as that experienced by through with a train. 
Reflectors would be wenden cadestharee uring the = of a train 
by the quantity of steam emitted by theengine, In order to settle the 
question as to the supposed unhealthiness of tunnels, in February, 
1837, Dr. Paris, Dr. Watson, Mr. W. Lawrence, lecturer on 
and surgery, Mr. R. Phillips, lecturer on a 
surgeon, were requested to visit and report upon the Primrose 

tunnel. Although the ventilation was then imperfect, owing to the 
western extremity of the tunnel being unfinished, and the steam was 
allowed to escape from the engine for a space of twenty minutes, 
during which it remained stationary in the tunnel, those gentlemen 


express their opinion “that the passing through 
welleaielet tunnels are no greater than those inacread le Salat 
travelling upon an open railway or upon a turnpike-road; and that 
‘the apprehensions which have been expressed that such tunnels are 
likely to prove detrimental to the health or inconvenient to the feel- 
ings of those who go through them are perfectly groundless,” * These 
opinions are fully corroborated by the observations of Drs. Davy, 
iJliamson, and Reid, upon the a and Selby railway. josiaane 
which, as well as the report on the Primrose Hill tunnel, were given 
in evidence before the Select Committee of the House of Commons on 
the London and Brighton railways, in 1837. The objection 
from darkness is obviated on the London ‘and North-Western 
many other railways by the use of lamps in the roofs of the 
vee we an pecs’ thou, — degree =p ty in the interior ; 
ut in a few cases tunne! emselves are lighted 
eased Oo ee eae igre 7. 
e above description of the operations of tunnelling is 
founded upon the methods used by railway engineers; but there is 
no difference between the execution of a railway or of a canal tunnel. 
A list of some of the most important tunnels is added, and their 
cost per yard lineal is affixed wherever it is possible so to do. It 
og ol however, be added that all the works enumerated seem likely 
to be surpassed in magnitude by the tunnel in course of execution 


under the a of the Mont Cénis range: it is proposed to be about 
in 


13,787 yards in length, under a moun nearly 9000 feet above the 
level of the rails. 
Parcipan Caxat Tunngrs, Length. Cost per yard. 
Yards, £s d, 
Thames and Medway. . . + 8720 29 0 0 
Harecastle (by Brindley) .. . « « 2880 310 8 
Lapal (Dadley Canal) . -. + « 8776 
Gosty Hill (Dudley Canal).  . « . 623 
Tipton Green . . ° . . - 2926 
Ripley (Cromford Canal) .  . « « 2966 700 
Blisworth (Grand Junction) . . . 3080 15.13 0 
Asperton (Hereford and Gloucester) . . 1320 
Oxenhall ” ” . + 2192 
Marsden (Huddersfield) . 5 + « 5500 
Foulbridge (Leeds and Liverpool) . . 1640 
Fenny Compton (Oxford) . ° + « 1188 
Islington (Regent’s Canal). . + 900 
Maida Hill ” . ° > « | SFO 
Sapperton (Thames and Severn) . 4180 39 0 0 
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Principat Cayan TUNNELS, Length. Cost per yard. 
Yards, s. da, 
Noirien (Canal de St. Quentin) . . .13,128 216-0 
Soussey (Canal de Bourgogne) ° - 3852 9 20 
Pouilly (Canal de Bour; « - « 3660 7815 0 
Mauvages ( du Marne au Rhin) - 5320 65 0 0 
St. Aignan (Canal des Ardennes) eo + «6288 40 0 0 
’ Prrxcipan Rarway Tonrnets, 
Summit tunnel, Ashton and Manchest 
Railway . . -) P é - 5192 
Box tunnel, Great Western ‘ « e 8227 100 0 0 
Littleborough Garé Fi . . 2869 
Sapperton . * > . x - « 2800 
Kilsby . . . . . ° « 2423 133 0 0 
Watford . . a) eee . « « 1793 
Merstham se e . . ° - 1780 
White Ball Hill . . . . » « 1470 
Shakespere tunnel . . . ° « 1300 
Primrose Hill . . . . « « 1250 
Bletchingley . - « . . . » 1086 80 0 0 
» Saltwood . ° . e . - « 1000 140 0 0 
Rollebois (Paris and Rouen) . * - 2890 40 0 0 
Venables . . . . take ot ig ah Sk 40 0 0 
Pissy Poville (Rouen and Hayre) . - 2400 40 0 0 
Terre Noire (Lyon) . ° . « « 1641 30 0 0 
Cumptich he . . * .« 1017 34.0 °0 
St. Cloud . . . . . « = 554 80 0 0 
Nerthe (Avignon to Marseille) . - 5032 
Blaisy (Lyon) . alts . » + 4376 
Rilly (Rheims) . . . . . 3829 
Hammarting (Switzerland) . 58 aay 


‘feet in height. 
There had been two or three schemes for forming a tunnel under 
the Thames, prior to that brought forward in 1823 by Mr. (afterwards 
i bard Mark Brunel :—one ing to connect Gravesend with 


by means of a framework or shield, which should support the face of 
the excavation and allow the earth to be removed on many points 
simultaneously; the frames or divisions of the shield being then 
moved slowly forward, and closely followed by a solid mass of brick- 
work enclosing two arched 16 feet 4 inches in height from 
i of the arch, and 13 feet 9 inches span at the springing of 
Great difficulties were experienced in the course of the 
some serious accidents from the river breaking 
os hod gerttecrnctage] clay through which the tunnel had to be 

But ultimately all obstacles were overcome, and the work 
was in 1842 brought to a successful termination, about seventeen years 
from the commencement of the excavations. 


ving axis, receiving and discharging 
its surface. This description of prime mover consists of a drum, 
bearing a number of suitably formed vanes, curved in such a manner 
as to allow the water Ea ea naw gieneed off from them, 
to escape with as little v 


a he lowdiog Jes aff the 
urbi i inciples affecting workin; 
Rlchthel are the ecthe, thaagh the détails Bowie 
po Soe Beadle described as follows :— 

used, it is desirable that little 
velocity of flow should take place in the current, 
passage of the water through the wheel; and that the 
enter without shock, leave without a whirling 
is attained when the ratio of the 


entering velocity is to the outgoing velocity in the same ratio as the 
radius of the receiving to that of the discharging sides; or calling 


this ratio n, it =1, in parallel flow turbines; 4/2 in outward flow 
turbines; and 4 in inward flow turbines. . The angles of obliquity of 
the blades to the line of flow, differ according to the velocity required 
in the wheels, and to their peculiar form: thus, in the parallel flow 
turbines, the angle may vary between 20° and 35°; in the outward 
flow turbines, between 144° and 264°; and in the inward flow ones, 
between 36° and 54°, the best velocity at the middle of the rings 
of the vanes appears to be ascertained by the formula (for all kinds 
of turbines)—calling v the velocity, 4 the head in the supply chamber, 


and g the accelerating force of gravity: then v=0°655~/2gh. 

From General Morin’s experiments it would appear that the 
efficiencies of the respective descriptions of turbines, with reference 
to the powers exerted upon them, are comprised within the limits of 
from 75 to 80 per cent. of the power exerted in the parallel flow 
turbines; in inward flow turbines the limits approach closely the 
average of 73 per cent.; and in outward flow ones, they are on 
the average 68 per cent.; on the average then, the efficiency of all 
classes may be taken to be about 70 per cent. of the total power. 
The reaction wheel may be considered to constitute a modification of 
the turbine ; and it will be discussed more fully under Warer PowEr. 

The best descriptions of this class of engines are to be found either 
in Rankine’s work before quoted ; in Morin’s ‘ Legons de Mécanique 
Pratique ;’ in Armengaud’s ‘Traité Pratique des Moteurs Hydrau- 
liques ;’ and in several of the practical papers on machinery by Mr. 
Fairbairn. M. Fourneyron has published a description of the outward 
flow turbines he himself invented, with full instructions for ascer- 
taining the proportions of the several details. 

TURF, the sod which covers the surface of pastures, and is composed 
of a portion of the soil with the roots of natural grasses or other 
plants ; which gives the whole a consistence, and allows of its being 
raised in slices by the plough, or the paring tool made for the 


Whe word i ; a 

e word is often also applied to the substance which is generally 
called peat ; and when the latter is taken from the surface where living 
plants are growing, the name of turf is very applicable to it. It is 
derived from the Dutch word torf, which is generally applied to perfect 
peat as well as to turf. The origin and composition of peat have been 
described under that head. [Prar.] We shall here only notice the 
uses to which turf is applied, when we mean a sod taken from the 
surface on which some living plants are still or have lately been 
growing. Near extensive heaths which have never been reclaimed, 
and in situations where no regular peat-bogs are to be found, turf 
becomes a very useful fuel. It is pared off the surface with the heath 
growing on it, in dry weather,-in sods of a convenient size, generally 
round, and about one foot in diameter. The thickness of the sod 
depends on the depth and abundance of the roots found in it, as they 
are the sole cause of the turf continuing to burn when the blaze caused 
by the burning of the heath is over. As the soil of the places where 
turf is usually cut is generally of a sandy nature, turf ashes are not so 
valuable for manuring the land as peat ashes; still they contain por- 
tions of potash and other vegetable salts, and produce a very good 
effect when spread as a top-dressing on moist meadows the soil of which 
is chiefly composed of clay.. In sufficient quantities they are excellent 
to raise turnips; and it is generally observed that where poor heathy 
pastures are pared for the purpose of burning the turf on the spot and 
spreading the ashes, the turnips sown there seldom fail. Yor the 
advantages and disadvantages of this operation, see PARINGc and 
BURNING. : 

Where the poor can readily obtain turf for the trouble of cutting it 
and drying it for use, a degree of comfort is diffused through their cot- 
tages which cannot be found where fuel is scarce. In the large open 
chimney the whole family can be seated by a pile of turf burning on 
the hearth. 

Turf is used for many other purposes, as well as for fuel. Laid like 
tiles on a roof, overlapping each other, they form an excellent and 
cheap protection against rain, Cut somewhat thicker, and in the shape 
of bricks, they serve to build the walls of cabins, which are warm and 
durable, pos the eaves of the roof project sufficiently to cover 
them. The soldier who has served through many campaigns knows 
from experience that a conical hut of turf can be raised in a very short 
time, if the material is at hand, 

When clay is burnt to improve the texture of the soil, the operation 


his | is best performed in a circular hearth made of turf, with certain flues 


to the supply of air to the burning mass. The turf is a slow 
conductor of heat, and by its means the mass is kept burning steadily 
in the interior of the heap, without being cooled by the effect of the 
external air. When the turf-wall itself begins to burn through, it is 
generally the proper time to mix the whole and extinguish the fire. 
The turf which we have been considering is taken from the surface 
of uncultivated land, and in the course of a certain number of years 
the wild heaths and other plants natural to the soil spring up again, 
and by their stems and roots produce a fresh turf. To assist this 
renovation it is usual to cut the flat turfs of a circular shape with a 
thin ing tool, as we observed before, so that there remain portions 
of the which are not disturbed, and from which the heath and 
FF 
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Bet} 

een noes eqreed over the carticn aes has been cut. In this 

way passe upce may Se mate 39 ans S tae ee oes 

seven years. This is only done where the soil is absolutely barren, 

where its cultivation is not thought of; for at last every remnant of 
earth is carried oft the entirely, aud nothing but 
common heaths can find food for their vegetation. 

The surface of good pastures, of commons, is often pared 
for the purpose of forming an turf for ornament or for the 
purposes of pasture. In first case those spots are chosen where 
the grass is of the finest and closest pile. The surface is pared as thin 
as can conveniently be done, so that the sward shall not break. A 
proper spot having been chosen, it is divided by the , or some 
Shorp tentctnpned Wiel a Senile eheak aeares & lone je, into strips 
about a foot wide; and a very sharp flat instrument with a bent 
handle, so as to work horizontally, is thrust an inch, or a little more, 
below the surface, paring off the strip which has been marked. As 
the workman who cuts the sod advances, another rolls it up before 
him, until it is of a proper size to be carried off. A cut is then made 
across the strip, and another roll is begun. Thus a space may be 
completely bared, or parallel i may be cut out, leaving some of 
the turf uncut between them. In this case the loss of the herbage 
eee ee ing of the from the strips 
which are left. en an ornamental lawn is to be formed by laying 
down the turf, the ground is levelled, or laid in any desired form. 
It is well rolled and beaten, to make it firm, and, if the weather be dry, 
it is well watered before the turf is applied. As lawns require frequent 
mowing, a close, slow-growing turf is a great advantage: it should 
therefore be taken, if ible, from a poor thin soil, The turf which 
lies immediately over the chalk is best adapted to this purpose. If 
the ground to be covered is of a rich quality, it is best to remove the 
soil and lay some of the poorer subsoil bare, to place the turf on, A 
rich moist soil would make the grass grow too rank, and require con- 
stant mowing and rolling to keep it down, Brickbats and rubbish are 
often over the ground, where a lawn is to be formed by turfing 
it over: these not only form a poorer soil, but also keep it drier by 
their porosity. It need not be observed, that where turfing is resorted 
to, to cover bare places in meadows or pasture, the reverse of all this 
should be done, and manure spread over the places where the turf is 
to be laid, so that the roots may be invigorated, and a rich pile of grass 


= vag 4 up. : : re a ‘ 

hen there are banks and inequalities in , it is often useful 
to pare off all the turf, rolling it up, from the places which are to be 
levelled. The superfluous soil is then removed, and if it has been long 
in the form of a dry bank, it is spread over the grass, which it greatly 
invigorates. The new surface is enriched with manure, if it requires 
it, and in moist weather or after watering it, the turf is rolled over it 
and well beaten down. A heavy roller drawn over it will greatly assist 
its rooting, and thus an unsightly bank, on which the grass was usually 
either coarse or burnt up, ing as the season was wet or dry, 
becomes a good and neat Another important use of turf is to 
cut it into small strips and divide these into pieces of a square inch in 
size, or somewhat more, for the purpose of laying land to grass by 
inoculation. This is only a partial turfing. which extends rapidly, and 
in the course of a very few years converts a field which was not very 
productive as arable land into a valuable meadow, especially if it is so 
situated as to be ca) Perham 

The advantage of an extent of fine for the exercise of high-bred 
horses has given a name to the pursuit of breeding and training horses 
for the purpose of racing. The annals of the record the of 
famous horses and the success of their owners. The turf has its rules 
and codes of laws, and the highest individuals in the nation often sit 
in judgment on some disputed point of turf law, with as much gravity 
as they would decide the most important interests of the state. 

TURKISH CHRONOLOGY. The Turks, like all the other Mo- 

, have adopted the wra of the Hijra, which begins with the 
16th of July, a.v, 622, [A®ra.] The year of the Hijra contains 12 
months of alternately 30 and 29 days, or, more exactly, 354 days 
8 hours, and 48 minutes; and 32 of our (solar) years are equal to 33 
M (lunar) years, 6 days, 8 hours, and 16 minutes. On 
these facts is founded following easy rule for finding the Christian 
year which corresponds to any given Mo! edan year :— 

The number of centuries contained in the given Mohammedan year 
is niet by 3; to the product are added as many units as the 
(eee 33 years is contained in the number of those years which are 

given 


ohammedan year besides the centuries; the sum thus: 


obtained is deducted from the given year; and to the rest is added 
621, or the number of full Christian years before the beginning of the 
Hijra: the sum thus obtained corresponds to the Christian year. 


ple: What year of Christ corresponds to the Mo! edan 
year 1188 (peace of Kuchuk Kainarj{) ? 
11 (the number of centuries) x 3 ‘ae: wee 
2 (the units of the period of 33 years contained 
i. 5 2 Oe er Sea | 
1188 (the given year)-35 . 1. . . ., = 1188 
621 (the number of years before the Hijra) +1153 = 1774 


a the peace of Kuchuk Kainarji having been signed in 
AD. a 


To change a Christian into a Mohammedan year requires only 
an inversion of the rule, 

Example: What Mohammedan year corresponds to the Christian 
year 1774? 

1774-621 . . . . ° ° . . 1153 

11 (the number of centuries in 1153) x 3 Pt 33 

; 1 (the sunsbeg et. Suess eaten ee aeuteins BF) 

+ . . . . . . . . 

8441153 . . . ° . . ar) 


We have seen above that the Mohammedan year to 
the Christian year 1774 was 1188; but the result is correct - 
standing the differen t results in the two cases ; for the beginning of 
A.D. 1774 falls in the latter part of a.u. 1187, and the of 
4.H. 1188 and the greater part of this year falls in a.p, 1774. us 
the latter rule is only the complement of the first, and by in 
both the reader will always know whether a given 


34 
1187 


year 
falls entirely in one Christian year, or whether it falls in ‘of one 


and in part of another Christian year; and he will know nD 
a Christian year with regard to a Mohammedan year. If this be true, 
the consequence will be that, if a Mohammedan year falls entirely in 
the course of one Christian year, there will be no difference in the 
result obtained by employing successively both the rules, This is in 
fact the case, as may be seen by the following example : : 

The year a.n, 522 begins on the 5th of January, a.p. 1128, and ends 
on the 24th of December of the same year 1128. 


Rule 1—for a.n. 522:5x3 . 4 . ) 72 eee 
522-15 . . r: A . = B07 

507 F638)..." ce > FO - = 1128 

* Rule 2—for a.p, 1128 : 1128—621 . - = 607 
5 (centuries) x 3 Fi ty a RS 

15+ 507 oe Wy heie ey Weel t ee 


from which we may conclude that the year 522 a.n. falls entirely in 
the course of the 1128 a.p, To make this more intelligible, we 
observe that the arrose sea age of lunar or move- 
able months, its beginning is likewise mov and in the course of 
33 years it goes successively through all the twelve months of our 
year. The above-mentioned two rules will be good till an, 1401 
(a.p. 1980). The Legit sree Sidhe corresponding days of the two 
eras ts considerable di ties, and cannot conveniently be 


given 

TURKISH LANGUAGES AND LITERATURE. The Turkish 
languages form a particular family, which differs from the Arabic, the 
Persian, the Mongol, and the Chinese. The principal Turkish lan- 
guages are the following ;— 

1. Uighur. This is considered the most ancient of all the 
Turkish dialects, and is n 
the country between Kashghar and Kémul, The Uighur was oo, 
ally written with fourteen, and afterwards with sixteen letters, w! 
according to Abel Rémusat, are an imitation of the Syriac 
although there is some reason to believe that they have been inven 

the Uighurs themselves. They were afterwards adopted by the 

ongols, who however have modified them. The Uighur paguage 
was cultivated at a very early period, and, as it seems, has 
siderable influence on the Chinese literature. The number of ; 
words introduced into the Uighur is not very considerable, and 
meeuee consequently the purest of all the Turkish dialects, 

eian Library contains a beautiful Uighur manuscript, 

liy4r-Ndmeh,’ written in an. 838 (ap, 1434). Two 
manuscripts on Mohammedan divinity are in the Royal 
Paris, a fourth, the ‘ Kdudat-ku-bilik,’ or ‘ The Science of Govern- 
ment,’ was sent to Paris by Von Hammer Purgstall. 
computed about a.H. 460 (a.p. 1069), during the reign of Alp-Arslin, 
sultan of the Seljuks; but the copy of Von Hammer dates only from 
AH, 843 (a.p. 1459), The Uighur language is very little known in 


Euro 
2. Tagatdt, in the greater of independent Turkistén, 
Pwbich wes oigtnally prison with the Ul ur 
which, in ancient times, tly resembled the Uighur 


power o! 
cultivated at an ear! ‘od, many Arabic and Persian words were 
introduced into Re Arabie 


translated into English under the title 
-ed-din Muhammed Baber, ieee 

written by himself ;’ ohn 
and partly by W. Erskine, Esq. 4to., London, 1826. It has also been 
trandlated in Persian. ealogical History of the 
Babddiir Khan, Sultan of Khowaresm), was 


of Sultan Baber, the rg oe of Hindustén (au. 900 till 938; a.p. 
1494 ill 1681), Te ties 


igi written in the Jagatdi The first mai of 
oe ok known to Europeans sang discovered Swodlsh ofheoss 
who, after the Uablle of Poltawn, woce sous so celine Maat 


ill spoken in eastern Turkistdn, especially in 


— 


a 
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One of them translated it into French, from which language it was re- 
translated into English, under the title ‘The Genealogical History of 
the Tatars,’ which forms the first volume of ‘A General History of 
the Turks, Moguls, and Tatars,’ 2 vols. 8vo., London, 1730. The text 
ee athe ei thn Gctorn get of Earopren: Rusia. and 

3. Ki i e of European Russia an 
Western Siberia. The purest among these dialects is that of Kazan, 
in which several books have lately been printed. Some of these are 

Riche the uncon f the Kdrd Kirghiz, and the Kirghiz 

4, Kirghi e e 0 e , an e 
Kaisdk, who live a nomadic life between the Ural and the Chinese 
frontier. 

6. Caucaso-Danubian, in several subordinate dialects spoken by the 
Noghais, the Kazi-Kumiiks, and other Turkish tribes in southern 
Russia. F 

6. Turkomén. 

7. Austro-Siberian dialects. They are very numerous, and more or 
less mixed with Mongol or Samoyede words. They are spoken by the 
— tribes that live in the middle, eastern, and southern parts of 

iberia. 

8. Chuwash, spoken by the Chuwashes, who live between the Sura 
and the W. and in some adjacent countries of eastern Russia. The 
Chuwash di considerably from the Kiptshak dialects in the neigh- 
bouring countries, and it contains a great number of Finnish words. 
(Schott, ‘De Lingua Tschuwaschorum Di io.’) 

9. Osmanli, or Turkish, commonly called so. This dialect, which is 
spoken by the Turkish conquerors of the Byzantine empire, must be 
considered as a of the ancient Seljukian lan; and that 
of the tribe of the Kéyi, from which the Osmanlis are It 
is the richest and most polished of all the Turkish dialects ; and its 
regularity, precision, and elegance are such, that Jaubert says, if any 
academy were commissioned to make a language, it would not form 
one more perfect than the Turkish. Another principal feature of this 


on ony Peng dignity, with regard to which Sir William Jones says, 
“The ish language has an admirable dignity. The Persian is fit 
for joyous and amatory subjects, the Arabic for poetry and eloquence, 
but the Turkish for moral subjects. Turkish is now the the diplomatic 
and official not pr be Turkey, but Egypt, Tunis, and Tripoli, 
and formerly of Algiers.  Osmanlis having received their civilisa- 
tion from the Arabs and the Persians, and the Kordn (which among 
the Mohammedans is never translated from the Arabic into any other 


lan; ) being still the source of theology and legislation, a great 
many Persian and Arabic words have gradually found their way into 
the ish language. However the groundwork is Turkish, and the 


Turks pronounce the Arabic words in a much softer way than the Arabs, 
a difference which is princi remarkable in the pronunciation of 
the and the long vowels, 

Turkish alphabet is composed of thirty-three letters, twenty- 
eight of which are taken from the Arabic alphabet: four (pd, chim, 
ya, and ghief) from the Persian; and one, the “Saghir niin” (#) is 
exclusively Turkish. These letters are written from right to left. 
Turkish is also, and very frequently, written with Armenian characters, 
especially by the merchants. There is no article, but the demonstra- 
tive pronoun “bu” (“that” or “this”), and the cardinal number 
“bir” (* one”) sometimes take its place. There is no gender. The 
declension of the nouns is easy: the plural is formed by annexing 
“ler” or “lar” to the word, and there are six cases asin Latin. The 
adjectives have neither declension nor gender. The declension of the 
pronouns is analogous to that of the nouns, but not always exactly the 
same. There are eight kinds of verbs, namely, wr pena Sit 
passiv , negative, impotential, causative, reciprocal, an e 
infinitive of all regular verbs is formed by means of the syllables 
“mek” or “mak;” they become passive by taking the syllable “il” 
before “mek” or “ acs The verbs have six moods—indicative, 
imperative, optative, suppositive, conjunctive, and infinitive ; and there 
are five tenses—present, im; preterimperfect, poveyetess and 
future, The t kinds of verbs are formed as follows : sewmek, to 
love; sewmemek, not to love; sewehmemek, not to be able to love; 
scwilmek, to be loved ; sewilmemek, not to be loved ; sewilehmemek, not 
to be able to be loved; sewdiirmek, to make love; sewildiirmek, to 
make that somebody is loved; sewishmek, to love each other ; sewinmek, 
to love oneself, &. There is a considerable number of irregular verbs. 
The Turkish construction resembles that of the Latin language, and 
generally a sentence cannot be perfectly understood till the reader 
comes to the last word. The Turks form new words by means of 
composition with as much ease as the Greek, the German, and the 
ek in this respect the Turkish language differs radically from 

The Turkish literature is of ancient origin. gs the of 
Osman and his successors, a great number of Arabic, Persian, k, 
and Latin works were translated into Turkish, Mohammed II. 
ordered a translation of Plutarch ; Soliman I. had the ‘Commentaries’ 
of Cwxsar translated ; and Aristotle and Euclid were translated in tl 
commencement of Turkish hi Mustafa ILI. made a translation 
of the ‘Principe’ of Machiav and of the ‘ Anti-Machiavel’ of 
Frederic IL, Ring of Prussia. Some of the works of Boerhaave, 
Sydenham, Bonnycastle, Vauban, Lalande, Cassini, and, in later times, 
@ great number of English, German, and French works on history, 


geography, medicine, chemistry, mathematics, and the military sciences, 
have likewise been translated into Turkish. The original literature of 
the Turks is valuable, though less so than the Arabic. Jem, the brother, 
and Selim and Korkud, the sons of Bayazid II.; Soliman II., Ahmed 
IIL, and Mustafa III., were distinguished poets, and their works have 
come down to us. The oldest Turkish poet of renown is ’Ashik-Pasha, 
who lived during the reign of Osman and Urkhan. The reign of 
Bayazid II. was distinguished by the following poets :—Nejdti, who 
was considered the first lyric poet of his time, and who translated 
several Arabic works into Turkish; Mesihi, whose ‘Ode on the 
Spring,’ translated by Sir W. Jones and by Baron Hammer, is known 
as one of the finest specimens of poetry; A’fitabi, Muniri, Prince 
Korkud, and the female poet Mihri, a native of Amasia. Baki is the 
greatest Turkish poet. He was three times high judge of Rim-ili, 
and died in a.H. 1008 (aD. 1600); his * Diwan,’ or ‘ Collection of 
Poems,’ has been translated by Von Hammer, under the title ‘ Baki’s 
des gré m Tiirkischen Lyrikers Diwan,’ Vienna, 1825. Nabi Efendi, 
Seyed Refet, and Rdghib-Pasha, were renowned in the past century. 
ib-Pasha, grand-vizir under Osman III., was equally renowned as 
an historian and a and his countrymen used to call him ‘‘the 
Sultan of the poets of Ram.” The number of historians is very great, 
and several of them are highly esteemed for their impartiality, judg- 
ment, and the concise beauty of their style. Such are ‘Ali, the con- 
tem: of Baki, whose work, ‘ Kunhol-Akhbir’ (Mines of History), 
finished in 4.4. 1006 (a.D. 1597), is one of the best sources concerning 
the earlier and middle periods of Turkish history; the author speaks 
with impartiality about the Christians. Solak-zdde has written 
‘ “Ali Osman li Solak-zdde,’ a short, but very exact history of 
the Osmanlis, which finishes with the year aH. 1054 (aD. 1644), 
Pechewi is the author of a history of the period from the accession of 
Soliman IL. (II.) to the year a.u, 1032 (a.p. 1622). Haji Khalfith, who 
died in a,H. Dp (A.D. bagel it the author of several excellent works 
on history and geography, which are written ly in Arabic, a 
in Turkish. His ‘Takwimuk Tewdrikh,’ or * Chronological iTeblee” 
are classical They were published at Constantinople by the printer 
Tbréhim, in a.u. 1146 (A.D. 1733), and an Italian translation by Rinaldo 


’s ‘Geschichte des Osmanischen Reiches, vol. viii., 
p- 591-92. The best of these historians are—Edris, or Idris (died in 
A.H. 930; 4.D. 1523); Mustafa Jelal-zide (died in a.m. 940; a.p. 1533); 
Sead-ed-din, who became Mufti (died in a.u, 1007; a.p. 1599); *Abdi- 
Pasha Nijdnji (died in a.n. 1102 ; a.p. 1690); Naima (died in a.u. 1128; 
A.D. 1715), whose history contains the period from a.H. 1000 till 1070 
(A.D. 1592 till 1659); Rashid continued the history till au. 1134 
(A.D, 1721); "Asim, the continuator of Rashid, till a.m. 1141 (a.. 1728); 
Subhi continued it till a.m. 1156 (a.p. 1743); Izi till an. 1163 (AD. 
1763) ; and Wassif till 4.4. 1188 (a.p. 1774). The annals of Naima were 
published at Constantinople in a.u. 1147 (A.D, 1784); those of Rashid 
in AH. 1153 (av, 1740); those of Subhi in a.m. 1198 (.v. 1784); 
those of Izi in the same year; and those of Wassif in a.n. 1188 (a p. 
1774); and afterwards in a.w. 1243 (a.p. 1827). The Annals of 
donee the been partly translated into French by M. Caussin de 

‘erceval, 

Among the numerous Turkish biographers, Latifi deserves particular 
mention. He wrote the lives of about two hundred Turkish poets, 
one hundred and two of which have been translated into German by 
Chabert (Ziirich, 1800, 8vo). A list of the works published in Turkish, 
at Constantinople, is contained in Hammer, cited above, vol. vii. 
p. 583-595; and a continuation of it, which goes down to the year 
A.D. 1830, in vol. viii., p. 518-523. The ‘ Wiener Jahrbiicher ’ contain 
a list of the Turkish works published since a.p. 1830. : 

Turkish literature has been enriched by numerous works on morals, 
divinity, and philosophy. Their philosophy, which originated from 
the famous school at Bokhara, has a mystical character, and resembles 
in many points the speculative doctrines of Schelling, especially with 
regard to pantheism, More than one Turkish sheikh has proclaimed 
the possibility of the identification of the soul with God, and the 
intellectual re-creation of the world; a doctrine which has likewise 
been professed by Hegel. 

(Toderini, Letteratura Turcha ; Hammer-Purgstall, Eneyclopddische 
Uebersicht der Wissenschaften des Orients, and Geschichte der O. isch 
Dichtkunst, 4 vols. 8vo; the Turkish Grammars of Davids, of Jaubert, 
of Hindoglu and of Barker ; and the Dictionaries of Kieffer, of Bianchi, 
and of Redhouse; as well as the great Arabic, Persian and Turkish 
Dictionary of Meninski.) 

TURMERIC. [Cotovrine Marrers ; Curcuma Lonaa.] 

TURNBULL’S BLUE. Ferricyanide of Iron. Professor Graham's 
account of this variety of Prussian blue is nearly as follows :—It is 
formed by adding ferricyanide of potassium (red prussiate of potash) 
to a protosalt of iron. It results from the substitution of three equi- 
valents of iron for three equivalents of potassium. The same blue 
Le: rage may be obtained by adding to a protosalt of iron a mixture 
of yellow prussiate of potash, chloride of soda, and hydrochloric acid. 
The tint of this blue is lighter and more delicate than that of Prussian 
blue. It is occasionally used by the calico-printer, who mixes it with 
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perehloride of tin, and prints the mixture, which is in a great measure 
soluble, upon Turkey red cloth, raising the blue colour afterwards by 
passing the cloth through a solution of chloride of lime, containing an 
excess of lime. The chief object of this operation is to discharge the 
red and produce white patterns, where tartaric acid is printed upon 
the cloth, but it has also the effect incidentally of precipi the 
blue pigment and peroxide of tin together on the cloth, by neutralising 
the chlorine of the perchloride of tin, This blue is believed to resist 
the action of alkalies longer than ordinary Prussian blue, 

TURNER'S YELLOW, Cassel Yellow: Patent Yellow. This is an 
oxychloride of lead, which may be pre 


ved, 

white compound, which is hydrated oxychloride of lead; and this, 
when heated, loses water, becomes of a yellow colour, and is the com- 
pound required. It is composed nearly of one part of chloride and 
nine parts of oxide of lead: it may also be obtained by heating chloride 
and oxide of lead together in the requisite proportions, or by heating a 
mixture of one part of chloride of ammonium with ten parts of pro- 
toxide of lead. In fusing these compounds, it is requisite to be 
extremely careful to avoid any admixture of carbonaceous or combus- 
tible matter, as that would reduce a portion of the oxide of lead to its 
metallic state, which would injure the colour of the product. [Leap: 
Oxychlorides of Lead.) 

TURNING is the art of giving circular forms to articles of wood, 
ivory, metal, and other materials, The kinds of wood mostly used for 
common toys are alder, beech, birch, and willow; for the best Ton- 
bridge ware, holly, chesnut, sycamore, apple, pear, and plum; for hard 
general turnery—beech, box, elm, oak, and walnut ; and mahogany and 
pine for various purposes. 

Nearly all kinds of turning are effected by the aid of the lathe. The 
rinciples of this valuable machine may be summed up in a few words. 
‘or every point marked by the workman, it produces a circle; and it 

may be desoribed as a machine for moving the material to be wrought 
in such a manner that, being fixed opposite to the tool, any point in 
the circumference will act upon the whole circle in precisely the same 


way. 

Pole-lathe-—This is the primitive and most simple kind of Jathe. It 
consists of two upright pieces, each having a conical iron or steel point 
fixed on the side opposite the other, the two points being exactly in a 
line; one of these uprights, or puppet-heads, as they are called, is 
stati ; the other can be moved along and fixed at any part of 
the bed by a wedge beneath. The wood mp turned being cut of 
proper length, the centre of one of its ends is pressed against the 

int of the fixed puppet; the point of the other puppet is then 
Secaea against the centre of the other end, and the puppet wedged 
firmly in its place. Over the lathe, and at right angles to it, is a] 
flexible wooden pole or lath, whence the name lathe; one end, fix 
firmly overhead; the other, just over the end of the work nearest to 
the left-hand puppet, hasa cord or catgut attached to it, which 
once or twice round the work, and is fastened at the lower end to a 
treadle. The depression of the treadle and counteraction of the pole 
give an alternate rotatory motion to the work. The cutting tool is 
held upon the top of a fixed piece, between the two puppets and close 
to the work, called a rest, but can only be applied during the fall of the 
treadle; and thus a great loss of time is occasioned. On this account 
the pole-lathe is now but little used. When commencing, a groove is 
cut to the extreme left of the work for the cord to work in; and if 
it is required to use that part, the band is afterwards shifted to a 
finished part. The beginner has one great difficulty to overcome in 
turning soft wood. The tool requires to be held firmly almost on the 
top of the work, and the superfluous material shaved off; while the 
softness of the wood and the velocity with which it revolves cause the 
work to be easily spoilt by the least unsteadiness of hand. In other 
turning, the tool is held nearly opposite to the centre of the work, and 
the superfluous material is scraped away with little comparative danger 
of accident. ‘ 

A modification of the primitive pole-lathe is used by watch-case 
makers, on account of the facility with which it can be arrested at 
any point of its rotation. Some case-makers, the French in particular, 
make use of a large turning-tool instead of a lathe.’ It consists of an 
iron bar upon which slide three puppets, two to support the mandril 
with its back screw, and the other the reat; a long steel bow worked 
by the left hand serves instead of the pole and treadle. This turning: 
tool works easily, costa but little, and where many workmen are 
ere effects a great saving of room, Tools of this sort, from six 

to two feet long and upwards, are in use among jewellers, 
goldsmiths, watch and clockmakersa, and many other artificers; and 
others without any mandril, in which the work is held between two 
ints, as in the pores One of this latter sort may be converted 
into @ very useful lathe for small work at a trifling expense, and still 
answer a8 a turning-tool if required. 

The Potter’s-wheel ia the simplest description of rotatory lathe; but 
it differs from other lathes in being vertical instead of horizontal, , 
Jig. 1, is an iron crank, upon the lower part of which is placed a heavy 
foot-wheel, v; the lower end of the crank works upon a centre, Pp, fixed 
on the floor; the upper in a collar, , fastened to the work-bench, a, 
and supporta the turnboard or chuck, D, upon which the clay to be 


Lom ng eg Motion is given to the crank by means of a 
placed at the back, and connected with the throw of the crank 


3 2 


Fig. 1. 


D 


ordinary work, whether in metals, i 
is of cast-iron, with a conical steel ring let into the front pu within 
which the mandril works. A steel-pointed screw in the of the 
headstock keeps the mandril steadily in its place. The beds are of cast- 
iron, shown in the end view, fig 3, which also shows the manner in 
which the headstock is fitted upon and between the beds, to which 


it is re fastened b 
wrought-iron, su 
be of the Iathe. 


two screws, AA, jig. 2. 

at each end by a screw, B, fig. 2, 3, in the 

The fly or foot wheel, ¥, has four or five grooves 

on its edge, and. gives tention $y the eS 2 ee 
it 


The crank, ¢, is of 


which connects it with the smaller part of the mandril pulley, rp. The 
object of having several es upon the wheel and pulley is to allow 
of the speed of the lathe bang to the sort of work 
tobe turned. But this arrangement only modifies what is called the 
quick motion. It is frequentl, omen Papo the mandril should 
move more slowly than the pans §, for purpose a large pulley is 
placed upon the mandril, and a small one upon the crank, and the two 
are connected by a band, The treadle is formed of a long iron bar 
suspended between two points at the back of the frame, p, fig. 2 and 8, 
and carrtes two shorter re er oe Sees anges, under 
the throws of the crank, and being connected with them by the hooks, 
FE: the front ends of these two pieces are screwed to the treading- 
board, w. The standards of the lathe are prevented from altering 
their position by a rod passing close to the ground, and screwed to 
each standardat@. The front-head, a, is of cast-iron fitted on to the 
beds nearly in the same manner as the headstock, The point of the 


or wood, The headstock, HH, 


ee 
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a mark being made with a ; 
held against the point of drill, and the front-head being brought 
up to the back of the work, the cylinder is pressed forward, as the 
drill proceeds, by turning the screw J. The wniversal chuck is a circular 
dise with three narrow slits cast in it, extending nearly from 
the circumference. The face is turned perfectly true 
and the work being laid upon the face of the 
"chuck, is fixed to it by screws which pass through the slits into nuts 
The concentric chuck is of the same form as 


between them. id 

All the chucks that we have described are adapted principally for 
work which does not require supporting at both ends. When a long 
piece of wood is to be turned, a chuck is used having a piece of steel 
with three points standing out upon its face; the centre of one end of 
the work is against the middle point, and the other end is 


6, pee by the cylinder of the front-head. 


carrier is used in metal-work for the same purpose as the three- 
point chuck for wood. If the ends of the work are pointed, it is 
su between the hollow end of the cylinder in the front puppet 
8, fiy. 4) and the nose of the mandril, which is similarly shaped for the 
purpose: if, on the contrary, the ends are hollow, the cylinder is 
reversed and the point-chuck (fy. 5) screwed upon the m The 
carrier (0, fig. 4) is fixed upon the end of the work by its screw, as 
shown on a larger scale in the side view fig. 6; and motion is given to 


Fig. 4. ‘Fig. 5. Fig. 6. 
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the work by the driver u, jigs. 4 and 5, either screwed upon the nose 
of the m il or attached to the point-chuck. 

Wood and ivory turners make use principally of box and other wood 
chucks altered at the instant to suit their purpose. One chuck, how- 
ever, requires notice, called the split or ring-chuck, fig. 7: a piece of 
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wood is tapped and screwed on to the mandril and then turned conical ; 
it is afterwards drilled down the centre to the bottom, and two slits 
cut with a saw at t angles to each other, from the point of the 
chuck to the nose of the mandril; the work, when in the chuck, is 
held in its place by the ring on the outside. 

The tools used in turning are numerous and varied. For soft wood 
searcely any are required besides gouges or round chisels with circular 
points, to rough out the work, and chisels with an oblique cutting edge, 
sharpened by being ground and rubbed at a very acute angle on each 
side. To give the workman power to prevent the tool di or 
trembling, the tools are set in very long handles, the ends of w! 


Fig. 7. 


the turner holds between the upper part of his arm and his side. For 
hard wood, ivory, and bone, similar gouges and chisels are used; but 
they are smaller, and sharpened at a less acute angle. Some of the 
work, as in gold, silver, and light brass-work, is performed by gravers 
with straight, oblique, arid curved faces, to suit different sorts or parts 
of the work. These are sharpened by an angle on the under side only, 
and the cutting-edge is applied nearly opposite to the centre of the 
work. For inside work, drills p in angles are used to make the 
first opening, which is afterwards enlarged by other tools with this 
general characteristic, that the stalk is made narrower than the cutting 
ony the tool, to allow of undercutting or making the hollow within 

than the opening through which the point of the tool is intro- 
duced. The principal toois used for turning iron are the hook-tool, 
fig. 8: Bis the cutting-edge ; the heel, u, is placed firmly upon the top 


Fig. 8. 


5 
of the rest and the tool held with both hands, the end of the handle 


resting against the turner’s shoulder. For finishing the work, gravers 
of different sizes and shapes are used, similar to those for hard wood, 
gold, silver, brass, and ivory, but stronger, and sharpened at a more 
obtuse angle. Screw-tools are very important appendages to a lathe, 
and, with-the engineer, in constant use: they are filed up with several 
teeth exactly the shape of the spaces between the intended threads. 
For inside screws the teeth are cut on the side, instead of the front of 
the tool: taps however are much more generally used. A circular saw 
is often fitted to a lathe, particularly for ivory-turning : the saw is 
placed upon a spindle against a projecting collar, and held in its place 
by a washer and nut. A parallel rule is fitted upon the table by the 
side of the saw to regulate the width of the pieces cut off. 

In the lathe, as previously described, the tool is held in the hand, 
and is consequently subject to any unsteadiness in the workman. To 
get rid of this imperfection in certain cases, and so arrange that the 
tool could be withdrawn at pleasure and replaced in the same position, 
and always be steady, was a great desideratum. This was effected by 
the invention of the slide-rest, which is now attached to all but the 
most ordinary kind of lathes. The principle of the slide-rest is that’ 
the tool is fastened to a plate, moved in the required direction by 
means of screws, instead of being held in the hand. Fig. 9 shows a 


very usual and convenient form. T is the place for the tool, which is 
held down by the screw above: the tools are long square pieces of 
steel reaching beyond the edges of the plate upon which they are fixed. 
This plate has two small slips or dovetails screwed on to its under 
surface and fitting the sides of the plate s, which has a screw along its 
centre, working in a nut in the upper plate: so that by turning the 
winch-handle the tool can be moved backward or forward along the 
plate s, which is about twice the length of the upper or tool plate. 
Beneath the plate s isa circular piece 0, divided by a line into two 
unequal portions; the upper and thicker portion is screwed to the 
te s; the lower is in tact only a circular fillet left upon the plate 
elow : in the centre of the latter is fixed an accurately-turned pin 
fitting into a corresponding hole in the former, which turns upon it as 
a centre, and can be set at any required angle to the lower plate (which 
is graduated for the pu ) and fixed in its position by two binding 
screws, shown in the on each side of s, Beneath are a second 
slide and circular plate, counterparts of those above, and the whole is 
mounted on a plate,p, The manner of using the rest will be easily 
understood. Hollow and spherical surfaces may be cut with the slide- 
rest with equal accuracy as rectangular , either by an adaptation 
to the common slide-rest, by which the lower slide is made to act upon 
the other, or by one constructed for the purpose. The slide-rest is of 
great value in producing any number of pieces of work of exactly the 
same form, of o te forms and fitting each other, or in any given 
proportions; each slide-screw is fitted with a small circular graduated 


“3 TURNING, 


TURNING, 


, and sometimes also with a micrometer screw and plate, so that 


greatest nicety can be observed. 
It is, however, only in conjunction with the cape eo the 
, headstock, and 


full value of the slide-rest is exhibited. The 


slide-rest of the power-lathe, fg. 10, are made in the same manner a8 
u 


Fig. 
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in the foot-lathe, but stronger; the mandril works in bearings to 
allow the end B to project beyond the back puppet and carry a toothed 
wheel; between the beds and along their whole length is a screw, 8, 
which works in a nut attached to the under part of the rest; on the 
end of the screw is placed another toothed-wheel p, which is turned by 
the mandril-wheel 8 by means of the connecting wheel ¢. By varying 
the size of the wheels B and p, the rest can be made to move through 
any required along the beds of the lathe at each revolution of 
the mandril. The spindle of the connecting wheel c fits in a curved 
groove to accommodate it to the different sized wheels used on the 
mandril and rest-screw; when the rest is required to move in the 
opposite direction, two connecting wheels are used. ‘The size of these 
connecting wheels, having no influence on the relative rates of B and D, 
may be varied according to circumstances. The pulley, instead of 
being fixed upon the mandril, as in the foot-lathe, is mounted upon a 
metal tube or cannon which fits and turns smoothly upon the mandril. 
The lathe, when set in motion, will require no more attention until a 
fine spiral line is cut, enveloping the cylinder along its whole length; 
the rest has then to be shifted to where it started from, or by a simple 
contrivance be made to work its way back again, the tool being set out 
a little deeper each time until the surface is completed. In screw- 
cutting with the power-lathe, the point of the tool is made exactly the 
shape of one of the spaces between the intended threads and having 
the same rake or inclination; at each revolution of the mandril the 
rest must move through the distance from one thread to the next, 
The circumference of the screw has no effect upon any part of the 
arrangement but the inclination of the tool. When the screw is 
required to be double or treble-fhreaded, that is, having two or three 
intervening spirals upon the same stem, the rest must be moved 
forward a proportionate distance at the commencement of the second 
and third threads, In fy. 10,r¥¥ is the drilling-frame, for working 
drills and cutters, fixed in the rest, by aid of the pulleys a, n, and 1. 
If it is required to drill any number of holes in a plate, the drill-stock, 
fig. 11, is placed in the slide-rest and connected with the pulley 1, By 
drawing the drill-frame to or from the centre of the work, holes may 
be drilled in straight lines across the centre, and, by the 
dividing-plate, in circles; by the combination of the two movemeuits 
the holes may Le placed in curves and spirals in any direction. By 


Fig. 11. 
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motion to the mandril, and connecting it with the slide-rest 
oon grooves may be drilled upon the surfaces of plates, 
cylinders, or cones, 

We may here notice a contrivance, introduced by Mr. Miles in 1859, 
for turning pieces of wood #o long that they would vibrate or swag if 
operated upon in the way. The wood does not rotate, The 
cutters advance along it and turn round it, being su by a travel- 
ling carriage. Two dogs or props are placed beneath the wood at certain 


points, which may be moved out of the way when the cutters 


Pithe cutting of toothed wheels is one of the most valuable spplies+ 
of the at ae Pg — used in 
process ma em, ways, as 
grooves and fintes, WAN See aation cirven, fe portions teal 
both the drill and’ GoMdie saw aaueealg eopersated ty tes 
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machine, a modern invention of the 
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strong plate which screws on the nose of the mandril; two 
pieces are screwed upon it near the edges, between which th slide, 
works. Upon the lide is fitted a circular plate, which turns 
centre, and has its edge cut into a number of teeth grainy Boks 
size of the chuck; c is a click with one or two teeth fitting 
the teeth of the wheel, and held in its place by a 
other end. The nose, n, for carrying the work, is 
te. The double excentric chuck is made in the same manner, 
a second slide, at right angles to the first, on the back 
ground plate. In common turning the use of the excentric c 
pagan Nm Pee ak point in the work in a line with the 
the mandril; thus cireular holes may be cut in any part o: 
the edge may be hollowed out by any number of curves of the 
different radii, and polygons with curvilinear sides may be 
with the greatest accuracy. Figs. 14,15, and 16 represent three 


Fig. 14. Fig, 15. Fig. 16, 


an infinite variety of figures produced in this way. In ornamental 
turning the excentric chuck is mostly used for cutting patterns upon 
the surface of the work without altering its general outline. Thus, in 
ornamenting ivory or wood-work, circles and curves are laid in an 
infinite variety of positions upon the face and edges of the work. The 
ivory:turner frequently uses a small instrument called an ewcentric 
cutter ; it is formed like the drill-stock, jig. 11, and moved by a 

the cutting point can be fixed at different distances from 

means of a ve and serew. In conjunction with a click plate 
the mandril, the cutter answers many of the hs of the 
excentric chuck. With the single-slid je excen' uck and the 
dril at rest, the cutter will produce patterns which would 
require the double excentric, 

Geometric ewer Woe the work revolves on the 
excentric cutter is driven by a band in connection with 
great variety of very complicated and beautiful 
curves may be cut, This geometric chuck is 
addition of an ent for giving motion 
chuck, and independent of the 
concentric with the mandril is 
revolves, drives another and 
latter is connected with another toothed wheel 
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cing on tin 
Proved Toning the invention of the oval ch 
of true ovals was a matter of considerable difficulty, and 


of them upon the lathe an impossibility ; with it we can turn 
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portions with almost the same ease as circles, The 

construction of the chuck is simple. Upon the front of the head- 
a ring, held by serews through its two arms 
and i on each side of the headstock; a screw is 
to draw it out excentric to the mandril. 
. 18 shows the front of the chuck with a slide moving between dove- 

; the ground-plate, as shown in jig. 19, has two 


Fig. 19. 
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cut from the centre boss, which screws on to the ‘mandril, nearly 
cast upon the back of the 
work easily in the two slits, and stand up 
. When the slide is in its 
polished faces are screwed to 
the back of the ground-plate at right 
the slits, as seen in jiy. 19. The ring being fixed in its 

the headstock, the chuck is screwed upon the mandril, 


Fig. 18. 
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of the 
nce of the tool from the centre, and the longer to the excentricity 
ring. For ornamental work the oval chuck is provided with a 
sometimes a micrometer plate, like the excentric chuck, for 
ing the ovals in different directions. 
Rose-engine Turning —Of all the different sorts of ornamental 
turning this is by far the best for embellishing small articles, 
i general 
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rose-engine, and ma: 
the first hint for its invention. ‘We 
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P Fig. 20, 


ibly have furnished 
ibe it. H (fig. 20) 


very 
now 


Fig. 20a, 


is a headstock, supported upon the conical points of two screws, cc, in 
the two metal standards, a A, fitted and bolted to the bench or bed. 


ies two other screws 
angles to those described, for the purpose of holding the head- 
when the rose-engine is to be used as a common lathe. 
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ase 


the pattern , or rosettes, circular 
of gun-metal or brass, each about an inch thick, and having 
patterns or waves upon itsrim. The rosettes are of two sorts, 
and shifting. The fixed, r, are screwed to a collar turned upon 
mandril itself ; the moveable, n, are fixed upon a cannon, B ( fig.20) ; 

is fixed to the cannon, and the rosettes are prevented from 

by a feather which fits into a notch in each of the rosettes: a 
nut at the end of the cannon screws all tight against the plate m. The 
plate is put on the mandril at the back of the cannon plate m, but 
of both; behind this is another plate, P, fitted on to the 
mandril, and turning with it ; at the back of this plate is a nut, which 
is tightened until the cannon requires some little force to turn it upon 

mandril with the hand. On the large plate Pp, is a spring-click, 
it in the plate p, which itself carries an end- 
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which falls into notches ew 


screws are shown in the front of the engine (iz. 21).. 


into the bottom of the headstock is a strong arm, h (fig. 21), with 
a square hole near the bottom, to receive a smaller arm pierced with 


holes ; one end of this latter is attached to a strong spring, s, and by 
placing a pin in one or other of the holes in the small arm, the spring 
may be made either to press or pull the arm A with less or greater 
force. The rubber-carriage rt being moved along the bar B till the end 
of the rubber is opposite the face of the rosette to be employed, 
and fixed there by the back-screw, the spring set to pull the arm h, and 
the side screws in the standards a turned back until the face of the 
rosette rests upon the rubber R, the engine at each revolution will pro- 
duce a copy of the indentations upon the face of the rosette. The 
engine is moved by a hand-winch with a band passing round a foot- 
wheel, and another connecting a small pulley on the crank with the 
mandril-pulley », in the same manner as the slow motion of the foot- 
lathe (jig. 2). The slide-rest is adapted to the rose-engine in the fol- 
lowing way. The tail-piece of the rest F (jigs. 20, 22) has a hollow 


Fig, 23. Fig. 24, 


cylinder, c, fixed in the middle of one end. The bar B, which has a 
piece at each end fitting into dovetails in the sides of a, has a cylindri- 
eal piece which fits accurately into the hollow cylinder c, and can be 
raised or lowered at pleasure by a ring or nut, N, working upon the 
outside of ©, the rest being placed in the required position, and fixed 
to the bench by the screw s (jiy. 2), The stock 4 moves round upon 
the cylinder c, and can be fixed at any required angle by the binding 
nut 0. The top of the rest, which traverses along the bar B, by means 
of a screw throughout its length, provided with an index-plate and 
winch-handle, 8, is composed of two parts, the ground plate (jig. 23) 
and another plate (fig. 24), which carries the tool-slide. he engine is 
also capable of turning the sides and edges of work, for which purpose 
it is provided with a rm syed set of waves cut upon the sides of the 
rosettes, some of which are made of larger diameter than others for 
that purpose. The rubbers are shaped at the side to correspond; the 
mandril has an endway-motion within its bearings, and is acted upon 
in either direction by the lever-spring ¢ (fig. 20), which has its fulcrum 
upon the bench: its upper end is forked, and fits a groove in the 
mandril, and the lower held by an arm and pin. For side-work the 
slide-rest is placed parallel with the bench as in common turning. 

The square, or straight-line chuck, is peculiar to the rose-engine, and 
forms a very material part of it; the object, of it is to lay the patterns 
in a straight instead of a circular direction. Fig. 25 represents the 
straight-line chuck ; the square frame, a A, is fastened to the two arms 
of the headstock, shown in fiy. 21, by bolts and nuts, or wedges; 
B,B, is a slide connected with the nose of the mandril either by a chain 
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or, what is better, a rack and pinion. On the face of the slide are 


click and screw-plates, and a nose to receive the chucks, as in the 
excentric and oval chucks. a, fig. 26, is the wave of which the patterns 


Fig. 26, 
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B, 0, D, E, and F are composed, by notches in the plate. These speci- 
mens will serve to show the immense number of patterns which may 
be produced with twenty or thirty rosettes and their combinations. 
Many curious patterns are produced by using two rosettes, one fixed to 
the mandril, the other on cannon. For cutting copper and steel- 
Enea or wood blocks, the tool is sharpened with two acute angles; 

t in turning gold and silver work the quantity of metal taken off is 
required to be so minute that the two faces of the tool must be rubbed 
to such an obtuse angle as to appear almost straight. Close to the 
side of the tool in the rest is a stop, or touche, as it is called, to 
regulate the depth of the cut. The touche has a very small face, 
highly polished, which rubs upon the work in advance of the tool. 

The number of adaptations, on account of the various and irregular 
shapes of the different pieces of work to be engine-turned, is very 
large, and would take up far too much space to describe. Cutting the 
rosettes, which every engine-turner ought to do for himself, is an ope- 
ration of considerable nicety, as the waves are mostly very shallow, and 
the rosettes large. to make them work easily, and the slightest fault in 
a wave will be repeated through the whole work. Two superior ma- 
chines for engine-turning were invented by Messrs. Perkins and Heath, 
some years ago, in which the r are dispensed with, and their 
place supplied by an excentric wheel, or cam, which produces one wave 
only ; but by means of toothed wheels, as many of these waves as are 
requisite are introduced during each revolution of the mandril. This 
engine produces an immense variety of patterns, with the very great 
advantage of all the waves being precise counterparts of each other. 
Work of this description is generally cut with a diamond, as a steel tool 
is liable to break, or get dull, and destroy the uniformity of the effect. 

TURNIPS. Brassica rapa. This well-known t is cultivated 
for its bulbous roots both in the garden and the field. As a culinary 
root it has been prized from the earliest times, and many varieties 
have been cultivated for the table; but it is those of a larger kind, 
cultivated in the fields, which form so important a part of the most 
improved systems of agriculture on all light soils, that the success of 
the farmer is, in general, pnoperonel to the quantity of turnips raised 
on his farm. They are the great foundation of all the best systems of 
cropping, by supplying the manure required for the subsequent crop, 

, at the same time, clearing the land of all noxious weeds, by the 
numerous ploughings, stirrings, and hoeings which they require. 

Turnips were first raised upon land which had already borne a crop 
that was reaped early in summer, and on fallows which had been 
worked and cleared early, so as to leave a sufficient interval between 
the last ploughing and the time of sowing winter corn to have a 
tolerable crop of turnips, These turni owever, which are still 
cultivated by the name of stubble or eddish turnips, never grow so 
highly those which had been sown earlier on Jand well prepared and 
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regular tivation of turnips on a large scale was originall 
introd from Flanders into Norfolk two centuries ago, onl teen 
Norfolk was carried into the south of Scotland and the north of 
England about a century after. It was long confined to one or two 
individuals, who cultivated turnips very successfully; but at last it 
spread, and was greatly improved by introducing the row culture, 
according to ype ere which acquired the name of the Northum- 
berland mode of vation. The usual mode of sowing turnips both 
in Flanders and in Norfolk was broadcast, and, as the labourers in both 
countries became very expert in hoeing them out at regular distances, 


this mode was long preferred. All farmers however, who have any 
ions to a goud system of cultivation, now the Northum- 

plan. The great object on poor light lands, especially those 

which have lately been brought into cultivation, is to raise a crop of 
turnips: for when once this is obtained, and the land has been improved 
by the folding of upon it, there is no great difficulty in main- 
taining the fertility thus produced by judicious — and 
frequent green crops. Great improvement in poor soils bas been 
effected by the introduction of ground bones and su asa 
manure. It is however the best to unite the application 
é@ bone-dust. For this purpose the 

they intend to sow turnips, 


way to insure a good crop of turnips, pesially of seedes, Sine eam : 


rn Sagres! the seed in the 
er comes on soon after 


soil if used in summer. ps are 
sown, and all the expense of forming dunghills and turning them over 
is saved. There is no danger of the manure being wasted ; for what- 
ever weeds may be produced will be povesee in and returned to the 
soil. All the nutritious parts of the decomposing dung will be 
absorbed by the earth, and none of them will evaporate. Where farm- 
yard manure is scarce, half the above quantity may be used, and a fair 
crop of turnips may still be expected. 

he early vegetation of the seed is essential to a good crop of 
turnips. In its young and tender state it is liable to a beng ce 
accidents. Its great enemy is the turnip fly (altica nemorum), whi 
appears always in great quantities, if there is any continuance of dry 
weather. The more frequently turnips are sown on the same ground 
the more abundant is the fly, but where the surface has been pared 
and burned there is seldom any loss from this cause. It is generally 
found that in moist weather the fly does comparatively little harm, as 
then the vegetation is rapid, and the plant, when once it has put forth 
its rough leaves, is considered safe. Whatever therefore accelerates 
the vegetation, will secure the growth of the turnip. Hence the 
advantage of dunging the soil before winter, by which means it is 
enriched uniformly, and a re portion of the manure, having become 
soluble, absorbs moisture from the atmosphere. And in dry weather 
it is well to sow the seed with the water drill. As soon as the turnip- 
plant has put forth its rough leaves, the intervals between the rows 
should be stirred with a light plough drawn by one horse. The 
plough can be made to go within an inch or two of the plants, throwing 
the earth from the row into the interval: a small harrow, which can be 
set to any required width, is then drawn between the rows to loosen 
the earth raised by the plough. This greatly increases the absorption 
of moisture and invigorates the young plants. They may now be 
thinned out and even singled in the rows by means of a hoe about 12 
inches broad, leaving plants a foot or more apart. Thus the turnips 
are left at a proper ce, and, having ample room, will soon cover 
the rows. A horse-hoe is now drawn between the rows to eradicate all 
weeds and keep the soil open for the fibres of the roots to shoot in, 
It is not advisable to throw the earth over the turnips, unless it be 
just before winter, to protect them from the frost; on the contrary, in 
wet weather the earth is more likely to cause the turnip to rot than to 
help its growth: The fibres which draw the nourishment strike in the 
soil below, and spread between the rows wherever they meet with a 
Ce ns sarc i eu 

In order to have a hea’ especially of Swedish turnips, 

advisable to sow the seed oe jy, that is, in southern counties, towards 
the end of May. They will have the advantage of the summer 
showers, and be beyond the reach of the fly in a very few days, and 
when the dry weather sets in ‘they will already have a supply of 
moisture in their roots, and the fibres, rig struck deep, not 
suffer any check. The only inconvenience of sowing early is that 
many of the oles gh 4 aches This is in many cases owing 
to the seed w: is If the seed has been raised from fine roots 
which have stood the winter, there is little danger of the plants 
running to seed in the first summer ; but, as is often the case, if small 
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imperfect roots are taken, or those which run to seed in autumn, then 
the plants will have a tendency to produce seed and not bulbs. The 
white Norfolk ip and its varieties should be sown about midsummer 
to have a fh omcae ae crop before winter. The distance at which 
they may be left in thinning them out must depend on the variety, 
whether it has a wide ing top ornot. The best crops both of 


are seldom large. 
It may be considered as a general rule, that the most advantageous 
mode of ing turnips is to draw them and cut them in slices in 
the field, to be there consumed in troughs by sheep, to which corn or 
oil-cake, as well as hay, is regularly given. en the crop of turnips 
is abundant, part of them may be stored for the cattle in the yard or 
ti , and for the milch-cows and heifers. They will require 
nothing but good straw, if they have plenty of turnips, and no hay 
whatever need be used, unless it be for the horses; and even they will 
ae well on Swedish turnips and straw with a small quantity 
oats. 

Turnips are often left in the field all the winter, which greatly 
deteriorates them. If they cannot all be fed off before Christmas, they 
should be taken up, and the tops being cut off within an inch of the 
crown of the root, they may be stored in long clamps five feet wide and 
four feet high, sloped like the roof of a house and covered with straw 
and earth, in which state they will keep till they are wanted. It is 
advantageous to have different varieties of turnips, which will come to 

ion in succession ; and it is useful to sow some at different times 
or this purpose. The small turnip, which from its rapid growth is 
called the nimble turnip, may be sown as late as the end of August, 
and in mild seasons will produce tolerable bulbs in winter and early in 
spring, The frost will not injure a growing turnip so readily as one 
which is come to perfection and the leaves of which are withered. 
Some varieties, like the yellow Aberdeen and the green round turnip, 
ea than others, and will stand the winter well in a light and 

There are so many varieties cultivated, that it is difficult to enume- 
rate them. The Swedish turnips may be classed according to the 
colour and size of their tops and the shape of the bulb. The best have 
but little stem rising from the bulb and a good tuft of leaves. The 
substance of the turnips is of a bright yellow and has a strong smell, 
especially when they have been kept some time. No frost will hurt 
them, if they are kept dry; but alternate rain and frost will do them 
harm. When they are stored, it is advantageous that the air should 
have free access ; and for this purpose it has been recommended to 
place them between hurdles set bi and to slightly thatch them 
with straw to keep out the rain. In this way they keep longer sound 
than when put in clamps covered with straw and earth. 

Of the field turnip there are numerous varieties. The common 
Norfolk turnip is round and flat, the bulb being half buried in the 
ground ; it throws out no fibres, except from the slender root which 
proceeds from the centre of the bulb. There is a subvariety which is 
reddish at the insertion of the leaves, and another of a green hue: the 
latter is the hardiest, The globe turnip takes its name from its shape ; 
it rises more out of the ground, and grows to a greater size; like the 
last it is either entirely white or red or green near the crown. It is on 
the whole the most productive and hardy. The tankard turnip rises 
high out of the ground, and approaches in shape to the mangel-wurzel. 
It grows to the greatest size; but it is apt to become spon, 
long on the ground, and its weight is not in proportion to its bulk. 
There are red tankards and green tankards, as well as white. The 
green round turnip is considered very hardy, and is usually sown late, 
to be consumed after the winter. The yellow Aberdeen, although 
somewhat less, is compact, and stands the winter well: it is a very 


useful variety. 

ofa variety will do well to raise their 
own seed, as that which is bought cannot always be depended upon; 
the middle-sized bulbs should be chosen, the leaves being 
cut off not nearer than an inch from the crown. They should be 
planted in a mellow soil, in rows three feet wide, and a foot from bulb 
to bulb in the rows, about March or A: When the heeds, well 
filled with seeds, and these are round hard, the stem should be cut 


close 
ripen 
and this is the reason why so 
few farmers grow their own seed. Turnip seed is often raised in the 
cottagers, whose children keep off the birds, and it is a 
ustry which every farmer should encourage. He can 


ind: 
readily see that good bulbs only are used, and he secures the seeds he 
wants, while the cottager is well paid for his trouble. i 


TURNPIKE TRUSTS. i senee 
highways placed by the authority of 
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roads are a peculiar species of 
acts of parliament under the 


management of trustees or commissioners, who are invested with cer- 
tain powers for the construction, management, and repair of such 


Besides the various local acts, there are several acts of parliament 
called General Turnpike Acts, the provisions of which extend and 
apply to all existing and subsequent local acts, and which are too 
numerous for citation here. The General Highway Act (5 & 6 Wm. 
IV. c, 50) also contains certain provisions applicable to turnpike-roads ; 
but, by the 113th section, does not extend to them except where 
expressly mentioned. 

The trustees of turnpike-roads consist of persons nominated for that 
purpose in the Local Acts, who must be persons possessed of a certain 
property qualification, and of the justices of peace of the county or 
counties through which the roads pass; but all persons who are con- 
tractors or otherwise personally interested in the roads are disqualified 
from being trustees. (3 Geo. IV. c. 126, ss. 61, 62, et seg.) They are 
exempt from personal liability for acts done in pursuance of their 
powers, and may sue and be sued in the name of their clerk. (7 & 8 
Geo. IV. c. 24, ss. 2 & 3; 3 Geo. IV. c. 126, s. 74.) 

For the purpose of providing the necessary funds for making and 
maintaining the roads under their charge, trustees are usually em- 
powered to receive moneys by way of subscription, upon which interest 
is payable to the subscribers out of the produce of the tolls which the 
toestees are by the local acts empowered to levy upon persons using 
the roads. Power is also given them to borrow money upon mortgage 
of the tolls. (3 Geo. IV. c. 126, s. 81.) 

The enactments of the General Highway Act (5 & 6 Wm. IV. c. 50, 
s. 94), relating to summary proceedings before justices to compel re- 
pairs of highways, extend the jurisdiction of the justices to turnpike 
officers, where the highway out of repair is part of a turnpike-road ; 
and while the liability to statute labour existed, it was exigible as well 
in respect of turnpike-roads as other highways; but the obligation of 
statute labour seems to be now entirely abolished by the repeal, in the 
5 & 6 Wm. IV. c, 50, of the statutes under which statute labour was 
com) for. . 

The amounts of toll exigible on any turnpike road are regulated by 
the table of tolls which is contained in the local act by which the trust 
is constituted, and no tolls can be charged except such as are given by 
clear and unambiguous language in the Act; and there are various 
cases of exceptions. 

Tolls upon turnpike-roads are in most cases made payable once a day 
only at any one gate, and payment at one gate generally gives exemp- 
tion from payment at other gates within a certain distance. Post-horses 
having passed through any gate may return toll-free before nine o'clock 
in the morning of the following day, and when horses, having passed 
through a gate, return the same day or within eight hours, drawing a 
carriage, the toll paid on the horses is to be deducted. (3 Geo. IV. 
c. 126, ss. 29, 30.) 3 

The General Turnpike Acts contain various provisions regulating 
the weights to be allowed to carriages» passing along turnpike-roads, 
and imposing additional tolls for overweight, and also provisions regu- 
lating the amount of toll leviable upon waggons and carts depending 
upon the construction, breadth, and tire of their wheels. (3 Geo. IV. 
ss. 7, 9, &c.; 4 Geo. IV. c. 95, ss. 2, 5, &e.) 

Trustees are enabled to erect toll-gates and toll-houses, the property 
in which is vested in them, and are required to put up at every toll- 
gate a table of the tolls leviable thereat, and to provide tickets denoting 
payment of toll to be delivered to persons paying the same. (9 Geo. IV. 
c. 77, 8. 3, &, ; 3 Geo. IV. c. 126, ss. 37, 60; and 4 Geo, IV. c. 95, 
8. 28.) The remedies for the recovery of tolls, and the penalties for 
evading them are contained in 3 Geo. IV. c, 126, s. 39, &e. 

The trustees of every turnpike-road have power to enter into com- 
positions for any term not exceeding a year at a time, with any person 
for tolls payable at any toll-gates under their management. (4 Geo. IV. 
c. 95, 8.13.) They may also, though not empowered to do so by the 
local act, reduce the tolls leviable under the authority of the act, and 
advance them again to any amount not exceeding the rates authorised 
by the act; provided that where money has been borrowed on the 
credit of the tolls, no reduction shall be made without the consent of 
the persons entitled to five-sixths of the money due. (3 Geo. IV. c. 126, 
ss. 43,44.) Trustees may also farm out the tolls, though no express 
power be given in the local act. 

The General Turnpike Acts contain, besides numerous provisions 
with respect to the appointment and duties of officers, the meetings 
and proceedings of trustees, the making of causeways, ditches, and 
drains, the erection of milestones, the watering of roads, the prevention 
and removal of annoyances and nuisances, the marking of carriages 
and regulations as to drivers, the apprehension of offenders, the re- 
covery and application of penalties, the limitation of actions, &c.; all 
which general enactments have been made from time to time for the 
pu of shortening and lessening the expense of private road bills, 
so that almost the only objects which now require to be attended to 
in the construction of road acts are the appointment of trustees, the 
number and situations of toll-gates, and the amounts of tolls, (Chitty’s 
‘ Statutes,’ vol ii., Highways. 

TURNSOLE, or TOURNSOLE. [Arcuit; Cotourtna Marrers.] 

TURPENTINE. The well-known liquid to which the word turpen- 
tine is now so commonly applied, is only the volatile portion of tur- 

a@ 
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451 TURPENTINE. 
tine ny, so called. True turpentine is really an oleo-resin, a 
Fiquia of about the consistence of honey. It flows naturally, or by 


incision, from the wood of most coniferous trees, such as pine, larch, 
fir, pistachia, &o., and by distillation yields spirit, essence, or volatile 
oil of Rams) ok mpeg ewe portion being yearn ogee or colo- 
ony. [Restxs.] Oil of turpentine is very largel; 
and of paints and varnishes, and also, when root fed, for beruing 18 
lamps under the name of camphin. The derivation of the word tur- 
pentine is not very evident. It was known and described by Marcus 
Grecus in the eighth century. 

The turpentine met with fn English commerce is nearly all imported 
from the States of America, North Carolina and Virginia suppl 
the Sgn er It is the produce of Pinus » , an 
P. abies. nch or Bordeaux turpentine is mainly obtained from 
Pinus maritima, a tree growing abundantly on the coasts of Southern 


Europe, 

The method of procuring ti tine is very simple. An incisioti, or 
hole, is made in the bark of the tree, or a small piece of the bark is 
removed, in the spring of the year. From this wound the turpentine 
slowly exudes, and is collected either in a little trough attached to the 
stem, in a hollow made at the foot of the tree, or by some similar coti+ 
trivance. It is from time to time transferred to casks made to hold | 
about 2cewt. The first gathering is sometimes called virgin turpentine, 
and contains about 20 per cent. of oil; that collected towards the en 
of the season, in October, has a more solid but still soft consistence, 
and is not so rich in oil. As might be expected, the crude turpentine 
frequently contains portions of twigs, chips, and leaves; these are 
sometimes separated by straining the melted turpentine, and the latter 
is then termed refined. Venice turpentine is the variety produced from 
the larch tree (Larix Europea); Canadian turpentine, or Canada 
balsam, exudes from the Abies balsamea; and Chian turpentine is 
obtained from the Pistacia terebinthus. ; 

Turpentine slowly hardens when e to the air. This is partly 
due to evaporation of the more liquid portion, and partly to resinifica- 
tion of the fluid part by oxidation. It is probable that in the tissties 
of the plant turpentine is simply a mobile juice, and that in the ordi- 
nary state of oleo-resin it is a product rather than a simple vegetable 
educt. It softens and liquifies when heated, readily takes firs in the 
air, and burns with a somewhat smoky flame. It is completely dis- 
solved by alcohol or ether, and by distillation with water yields oil of 

tine. 

Oil of turpentine (C,. H,,). As already indicated, this is obtained 
by distilling turpentine with water; it then forms the upper layer of 
the condensed product. For most purposes it is re-distilled with 
caustic alkali, acid matters and traces of resin being thereby removed. 

Oil of turpentine is a colourless mobile liquid, of characteristic odour 
and hot pungent taste. It should be neutral to test-paper, of specifi¢ 
gravity 0°86, boiling-point about 320° Fahr., and a vapour density of 
476. It rotates 4 ray of polarised light, to the left or right i 
to origin. It is very soluble in ether and absolute alcohol, less so in 
ordinary (hydrated) alcohol, and is not miscible with water. It is a 
good sulvent of resins, oils, sulphur, phosphorus, and caoutchoue. 
Pure turpentine, as obtained by re-di tion in vacuo, has constant, 
well-defined, lwvo-rotation. Berthelot distinguishes it as k 

Modifications and Derivatives of Oil of oe tee Under the influ- 
ence of heat, or of chemical reagents, or of both combined, oil of tur- 
pentine yields several interesting substances, Jsoterebenthen is one of 
the products into which oil of turpentine is resolved on heating, in a 
closed vessel, to about 470°Fahr. It is a colourless liquid, having an 
odour of stale lemons, sp. gr. 0°843 at 71° Fahr., boiling-point 350° 
Fahr., possesses lwvo-rotation of varying intensity on polarised light, 
yields a solid hydrate and hydrochlorate. Metaterebenthen, like isotere- 
benthen, has the same composition as oil of turpentine ; it is formed 
under the same circtimstances as isoterebenthen, but remains in the 
retort after the heat has been raised to 660° Fahr. It distils, however, 
at a temperature slightly higher than 660°, and then forms a yellowish, 
very viscid liquid of sp. gr. 0918 at 68° Fahr, It has a disagreeable 
odour, and exerts levo-rotation on polarised light. : 

When oil of turpentine is agitated with five per cent. of strong sul- 
"eet acid, it becomes of a dark red colour, and viscid, On standing, 

© mass separates into two portions, and the upper clear liquid fur- 
‘nishes, on distillation, a body having the same boiling-polnt and com- 

tion as the original oil, but of an odour resembling that of oil of 
me : it is called fereben. Colophen is jroduced at the same time a8 
tereben ; its density, however, is twice as great, and its boiling-point is 
between 590° and 600° Fahr. It may also be obtained from colophony, 
hence its name. Neither tereben nor colophen has any action upon 


light, 
Water combines with oil of turpentine to form definite Aydrates, of 
Which three are solid and one liquid. When the oil is exposed to 
intense cold, crystals of binhydrate (C,,H,,, 2H0) sometimes separate, 
but generally a herahydrate (C..H,,, 6HO), wa toe in large 
prismatic crystals, is deposited. e ‘latter may be o in quan- 
tity by well mixing four of oil of turpentine, one of nitri¢ acid 
(sp. gr. 1°36), and three of alcohol (sp. gr. 0°840), and setting aside for 
keveral weeks. When sublimed, the hexahydrate loses two equivalents 


_similarity to the action of 


Of water, and is converted into a quadhydrate (C,,H,,,4HO). The 
quadhydrate is also formed on ajoulng turpentine and water to a con- 


tinued heat of about 120°Fahr, It is more soluble in hot than cold 
water, and is readily taken u 
on 


liquid and solid bodies, The latter have very much the appearance 
re odour of camphor, and hence are termed aitificial ca The 


duct be e: toa 

half filled with white pris 
matic smell and taste of camphor. They are insoluble in water, solu’ 

in alcohol or ether, fuse at 289° Fahr., and boil at 329°, u 

partial decomposition. The liquid portion of the above product is 

& monohydrochlorate, having same composition as the solid; it is 
termed hydrochlorate of pency], or of terebilen, inasmuch as that when 
distilled with quicklime it furnishes pencyl or terebilen, a liquid hydro- 
carbon isom with oil of turpentine, but ing no ro’ 
power on ¥ ayaines light. The solid hydcootiloate by similar 
ment yields camphen, ‘ilen 

turpentine ; ote a 

of turpentine (C 
formed when oil of t 
excess of strong aqueous ae aeons acid for several weeks. A 
subhydrochorate (30,oHy HCl) Ina also, been obtained. Hydro 
and hydriodie acid form compounds with oil of turpentine 
resem’ 


ling the hydrochlorates, 
Chlorine a’ oil of be ea and yields a 
pe (CoH sCl,)... yd age furnishes a dic : CH ae) 2 
Fea on bei ea ' i rs) H 
oe Meo sbeained Tereben teh aioniee ante. lorine give a eniditiies ‘iid 


liquid, termed. chlorotereben, and artificial camphor and chlorine 

“On of tarpendae tible of oxidation. ‘The sponta- 
of turpentine is very stisceptible on. e 

neous production of resins from it has already been alluded to. 

distillation with bichromate of _— and sulphuric acid it 

abundance of formic acid, and when gently heated with oxide of lead 

gives formic acid and teretinie acid (C,,H,,0,,). The latter crystallises 


acictilar tufts, and forms salts that, like itself, are insoluble in water 


but soluble in alcohol. A small quantity of oil of turpentine placed in 


a jar of o: standing over water and ex to 

rattaty ict ts) ne yields crystals pe gree owide of 
tine (C,,H,,0,,2HO), which are deposited on sides of the 

vessel ; it is soluble in alcohol, ether, and boiling-water, Strong nitric 


acid acts very violently upon oil of turpentine, the eg es fre- 
uenitly ssing high sine to cause inflammation of the mixture, 
hen diluted, however, ¢ acid merely resinifies the oil, and pto- 
vices eyny other substances, terebie acid, which will tly be 
described in detail in connection with resin ; terephthalic acld (Cc 11,04) 

isomeric with phthalic acid [Napatiatic Group]; terebencte 
(C,,H,0,!), fusible at 886° Fahr., and sublimable like benzoic acid ; and 
terechrysie acid (C,,H,O,), of golden yellow colour, unctystallisable, and 
very soluble in water. 7 
e chief Fores of the non-volatile or resinous constituentsa— 

the resin—of turpentine have already been described. [Restns. 


it 
now therefore remains only to notice the relations of the peat ‘ 


individually, and shortly describe their derivatives. 
Turpentine Resin, a8 & whole, is acid, and has the composition 
(HO, sollag0,). In reality, however, it contains three distinct acids 
nerie with each other, but having dissimilar physical properties ; 
their names are pimaric, sylvic, and pinic acids. The two latter are, 
no doubt, mere modifications of the first, and probably owe their dis- 
eat. Pimaric acid is best obtained 
the white hae ped pw okie Bordeaux tine, The resin is pow- 
dered, in & mixture of six parts of cold alcohol and one of 
ether, which ites matters other pimaric acid, and the residue 
is finally boiled with aloohol. On standing for a few days, me solution 
deposits crystalline tufts of the acid under consideration. It is very 
soluble in ether and hot alcohol, less so in cold alcohol. It at 
257° Fahr., but does not re-solidify till cooled down to 154° Fahr. 
fused acid is clear and transparent as glass; when powdered it may be 
perfectly dissolved in its own yor of alcohol, but. in a few minutes 


the solution 8 to deposi pie Ae bce Me like the n 
fased acid, fed ten times th weg alcohol ‘or solution. 
distillation in vacuo ie acid 


Ivie acid, at first tho 
acid, Sylvie acid may be obtaine 
from powdered resin. latter is well washed with cold alcohol to 


é acid, 


tion of sylvic acid ;_b; 
tS ator nee, colophatte acid, 


-_o a > 
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hprormebaes resinein or colophen and tereben already 
t a higher heat it gives a liquid hydrocarbon containing 
toluen (cw (Tonventc Grovur]; refinyl (C,.H,,), 


¢ of 
Fabr, fotinal ip peo 0! 
sulphurous 


t are monobasic, difficult to obtain in a definite 
ine state, are mostly insoluble in water, and soluble in ether. 
e resinates are of course true soaps, but are inferior in 

ent qualities to the stearates, oleates, and margarates. _ ; 
ebullition with strong nitric acid, turpentine resin 
Azomaric Actp and terebic or terebilic acid (CrsthieO,)- The 


an 


B 

= 
F 
5 
i 
: 
i 
iS 


es 
and -point 392° Fabr, : 

MANUFACTURE OF. The common turpentine 
; pacer aaeceted Frown Amnariag. (5. levers a0 Perk, 
[Turrentive.] It is yery few purposes in state in whic 
it isimported. The process of distillation is in most cases resorted’to, 
as a means of separating it into solid resin and liquid oil or essence of 
turpentine, Turpentine-works, where this distillation is carried on, are 
managed with much caution on account of the inflammable nature of 
the substance on, The yiscid tupensive is put into a still 
and exposed to heat; it melts into a liquid, gives off its essential or 
oily portion in the form of a vapour, and there remains a liquid resin 
in the still. The vapour, on leaving the still, passes through a refrige- 
rator or cooling vessel, and is collected as a clear and limpid oil or 
pid -0f ferpentine. The residue is taken from the still as resin, 

Becpee wpeatting sap: Sind, Sarpentinn whieh tas been 
em, 

patent was taken out in America a few years ago, for making soa 

istilling turpenti . i 4 


used 


5 
3 
5 


turpentine, or fwrps, is an important substance. Chevreuil has ted 
out three kinds of service which turpentine renders to cee It 


facilitates the application, by di the viscidity of the oily 
mixture ; it allows the painter greatly to modify the appearance of his 
work, by varying the degree of gloss or of dullness; and it prevents 
the appearance of cracks which would otherwise be visible when 
the work is varnished. As, however, the durability of the work de- 
pends chiefly on the oil, the best mode is found to to use as little 

ine as possible when the work is neither to be dead nor var- 


Common or crude to the extent of about a 
fagved of a million ewts, annually (246,458 cwts, in 1858, and 256,663 
1859). A small import duty, imposed many years ago, has been 


ine is imported 


1. Oleum 


binthinz, obtained by the distillation of the liquid ; 2. Resina, 
or simply resin or rosin, which is resin with a yi ini 
after nearly all the oil bas ‘been distilled off: but. if the process f 
distillation be carried as far as possible without new combina+ 
tions of the elements,’ all the water is driven off, the residuum 
Se  esaiens we re pe erat rosin, 

18 resin ; merely to cerates, ointments, plasters, 
which are more or less stimulant. 
| As.tarpentines have a very, disagreeable taste, it is customary to 


form them into pills or boluses; but since this is rather difficult, it is 
well to be aware that magnesia affords a convenient means of accom- 
‘the ‘case of the vleo-resin of eopaiba, The kind of 


vary with the age of the turpentine, more being required when it is 
very fresh than when the turpentine is old cobeeen can The dura- 
bility of the mass also varies with the proportion of used, + 
One ounce of Venice turpentine united with one ounce of h 
carbonate of magnesia formed a mass which was slow’ of conso a 
and the pills soon lost their form: but three ounces of 
magnesia formed a persistent mass, One ounce of turpentine and 
one ounce of Bordeaux turpentine, with six drachms one le of 


carbonate of furnished a slowly hardening mass, which at 
last resolved into ; while one ounce of the same turpen- 
tine with eight grains of magnesia formed a soft mass, which, after 


thirty-six hours, was sufficiently consistent to form pills! Some days’ 


afterwards it became harder, and did not-for a long space become 


friable. With a yet smaller quantity ‘of magnesia these changes take: 


the | from the Pistachia terebinthus, 4 native of Barbary 


place more slowly, so that it is requisite in magistral formule never to 
order less magnesia than the one-fiftieth part of the turpentine. Tuis 
proportion forms in a few minutes a transparent pill-mass with a 
yitreous fracture, But the finer sorts of turpentine may be adminis- 
tered in the liquid form; the coarser must be in pills, 

Oleum Terebinthinz, Oil or Spirits of Turpentine, as it occurs in 
commerce is never pure, but contains more or less resin formed by the 
action of the air; and to obtain it pure, it is ordered to be distilled a 
second time, and then called Oleum Terebenthine purificatum, and 
sometimes Oleum Pini purissimum., The commercial oil of turpentine 
has an acid reaction, the purified has not, 

Oil of turpentine is one of the most energetic of the volatile oils: 
the vapour is quickly destructive to ts, and in large doses it acts 
as a poison to both yertebrate and invertebrate animals. Like all 
volatile oils it acts powerfully on insects which respire by the whole 
surface, hence it instantly kills wasps, lice, fleas, and worms, It has 
@ more potent action on the lower animals than on man, both exter. 
nally and internally, Applied to the skin of horses, it blisters it more 
rapidly than the skin of man; and two drachms administered toa 
dog (Schubart, in Christison) caused death in three minutes, while 
human beings have taken three ounces without any serious con- 
ig vapeee Indeed Dr, Christison states that he is not aware that 
it ever proved fatal, Horses also haye taken for some days as 
much as ten or twelve ounces, 

In moderate doses it acts as a stimulant to the stomach and whole 
intestinal canal; manifested by a grateful feeling of warmth, with 
roster activity in the mucous membrane of the intestines, and of the 

ver. The increasing secretions of these organs, particularly of the 
bile, causes more frequent evacuations; further, it promotes the 
secretion of the kidneys, and likewise, but less evidently, of the skin, 
the pulmonary surface, and also of the uterus. It communicates the 
terebinthaceous odour to the cutaneous perspiration, and sometimes 
even causes an eruption on the skin, 

Its effect on the vascular system is equally stimulant; Dr. Copland 
made many experiments on himself, when in health, and found that 
his pulse became more frequent, small, and contracted; with feelings 
of intoxication, anxiety, shiverings, a sensation as if the intestines 
were drawn towards the vertebral column, unpleasant eructations, 
thirst, and a sharp hunger; sensations which food caused gradually to 
subside, without vomiting or diarrhwa. Very large doses often pro- 
duce temporary intoxication, and sometimes a kind of trance, lasting 
twenty-four hours, without any subsequent bad effect, 

Implicit reliance is placed on oil of turpentine against the tape-worm. 
It is in general recommended to be given in large frequently-repeated 
doses, mixed with mucilage, syrup, and cinnamon-water, and is thought 
to directly kill the worm, rather than destroy it by removing the 
means of its further nourishment.. But this mode’ of administration 
is by no means so eligible as that of small doses (3j to 3ij)'per.diem 
for a continuance, a recommended by Vogt (‘P. vol, 
ii., p. 163), and proved by Dr. Graves to be effectual; “ Turpentine 
is of value im ing‘ to the expulsion of flukes. (distomahepaticum 
[Worms ; also Borry.irpa, in Nat. Hist. Drv.] of sheep, or the rot), 
and is one of our most valuable anthelmintics.” Professor Simonds’ 
ag =p to the Royal Veterinary College, Dec. 14, 1860. 

n chronie affections of the liver, obstructions from gall-stones, &c., 
if no inflammatory state be present or approaching, oil of turpentine 
with twice ita weight of spirit. ether. sulphur. in the dose of from 
10 to 20 drops, in yolk of egg, is often very useful; in melena and 
obstructions of the liver, and véna porta, &c, ‘It is most likely, from 
its action on the liver, that it proves serviceable in chroni¢ rheitmatism. 
In sciatica, Dr, Cheyne recommends it in small dosé8/' It is useful in 
atony of the’ intestines, lacteals, particularly’ of old and-phlegmatic 

, especially of the lower orders. Even typhus fever, if’ there’ be’ 

a tympanitic of the abdomen, is benefited by it, and Dr. Chap- 
man has found it valuable in the yellow fever of Philadelphia: Dose’ 
from 1 to 2 drachms per-diem. In cholera asiati¢a, with spirits of 
ammonia. In obstinate constipation, in large doses. ‘ In scarlet-fever, 
when the eruption'does not come freely out, 10 to 60 drops'in one'to 
three tea-spoonsful of castor-bil. ' (Dr. Delany, of Georgia, U.S.) In: 
chroni¢ cramps, ¢onvulsions, and epilepsy (with only temporary benefit). 
Im atony of the kidneys and bladder.’ In eatarrhus vesicai,’ gleet, 
| sagameis 20 and leucorrhoa, it may often be advantageously substituted’ 
copaiba.’’ In: atonie’ hemo it is very useful, In puerperal 

‘tonitis, applied externally, it is of great utility. Externally in 

arns, the linimentum terebinthinw, or hot dressing, is, useful,» In 
peritonitis with a tympanitie condition of the abdomen it is very 
excellent, The vapour of oil of turpentine can be used as an anws- 
thetic, and as a substitute for chloroform, 

Chian or Cypris Turpentine, called also true turpentine, is obtained 
, Syria, the south of; 
France, and, above all, of the Grecian Archipelago. Eight or ten 
ounces are the ntmost obtained froin one tree; hence it is very dear.’ 
It is of the consistence of new honey; tenacious, pellucid, of a light 
yellowish-green colour. The odour is pentrating and peculiar. Tt has 
ety bitter taste’; but when adulterated with any of the coniferous 
\kinds, its odour is strong. ity taste acrid, and of &' sensible degree of 
‘bitterness. It consists of a volatile oil and resin, and when by time 
the’ former is dissipated or oxidised, it becomes hard and preci Spear 
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This article is scarce in @ (pare state, 1 Maley sleet Se 
Venice turpentine, and indeed in many instances altogether —— 
by that article. It was greatly esteemed by Hippocrates ; in the 
present day is chewed by the inhabitants of Turkey, Persia, &c., as 
mastic is, to sweeten the breath. But it likewise improves the 
digestion, having a very beneficial influence on the secretions of 
relaxed mucous membranes. Hence it is useful in chronic catarrh, 
both of the lungs and genito-urinary organs, For the latter it is 
penn enn combined with sulphate of zinc, 

TURPETH MINERAL. [Meroury. Bisulphate of mercury.) 

TUSCAN ORDER. [Cotumn; Roman Ancarrecture.] 

TUSCAN SCHOOL OF PAINTING. [Parytrine.] 

TUSSILAGO FARFARA (Coltsfoot), a t belonging to 
the order of compound plants, common in damp, clayey fields, road- 
sides, and the of rivers, the yellow flowers of which are seen in 
spring the nearly h , smooth-toothed leaves, which, 
from their resemblance to a young horse’s hoof, have received the 
pene name of coltsfoot. The whole plant is nearly devoid of odour. 

root has a styptic bitter taste; the leaves and flowers are bitter 
and mucilaginous, The chief constituents are mucilage, bitter extrac- 
tive, tannic acid, colouring-matter, salts, and woody fibre. The watery 
infusion becomes of a dark green and turbid appearance on the addition, 
of a solution of uichloride of iron. Its properties may a be 
inferred from the ve statement; they are demulcent, slightly 
astringent, tonic, and expectorant, Its name both in Greek (8nxuor) 
and in Latin proves the estimation in which it was held as a means of 
relieving —a reputation which it does not maintain in modern 
times among professional observers, except a very few; but with the 
vulgar it is still in great esteem, The young leaves make a wholesome 
salad in early spring. The ancients smoked it rather than used it in 
any other form; and in the north of Europe, and even with our own 
vulgar, this mode is employed, what is sold under the name of British 
Herb Tobacco being chiefly coltsfoot. This at least is harmless; not 
so the nostrum called Essence of Coltsfoot, which is a combination of 
balsam of tolu, compound tincture of benzoin, with a large quantity of 
rectified spirit of wine, and not a particle of the substance from which 
it takes its name. In chronic coughs accompanied by much local or 
irritation, still more in genuine tubercular consumption, such 
ing ingredients must be very hurtful ; though a plain decoction of 
real coltsfoot would be unobjectionable, and might be beneficial. The 
leaves of coltsfoot form, when moistened with warm water, an excellent 
emollient poultice, 

TUTANIA, [Brrrannta Metat.] 

TUTELA. [Tvror.] 

TUTENAG, an alloy used in China in the manufacture of the gong. 
It is white, resembling silver in a , and is very sonorous when 
struck. Its specific gravity’ was found by Dr. Fyfe to be 8°432 ; it is 
susceptible of a fine polish, and does not readily tarnish ; at common 
temperatures, and even at a red heat, it is malleable, but when heated 
to whiteness it is rendered brittle.: 

Tt has been analysed by Dr. Fyfe, who found it to consist of— 


Copper. . . > . . . + 40°4 
Zine, . . . . * ° 25°4 
Nickel ° ° ° . ’ . . » 316 
Iron. . . . . . . ee ae 


100° 


It may therefore be regarded as a kind of German silver. 

TUTOR. By the Roman law a male under the age of fourteen, and 
a female under thé age of twelve, were called Impuberes., A male who 
‘was impubes was incapable of doing any legal act by which he might 
be injured; his property was under the care’ of a tutor, who was so 
called from his office of defending or ohare ih a tice ag 
in the transactions which were necessary for the administration of his 
Popete The office of the tutor was tutela; and the impubes, who 
with respect to his tutor was called pupillus, was said to be in tutela, 
in tutelage. The tutor’s business was to. manage the of his 
pupillus, and to add to his acts the legal sanction (auctoritas),. ‘The 
tutor’s office as tutor was confined to the property of his pupillus, who,. 
as to his , was under the care (custodia) of his mother, if he 
had one; if not, we must suppose that the tutor would sometimes 
pe _ ana ey a ae also. piss Sat tata attained the age. 

pu ‘) capacity of contracting iage, and of doing 
other | acts, and was freed from the control of hie tutor. » But 
though the law gave full legal capacity to the pupillus on his 

y, it still gave him some further protection until he was twenty- 
ve years of age. [Curator.] 

A father could appoint by testament a tutor for his male children 
who were beres and ia his power; he could also appoint a tutor 
for females were in his power, even if they had attained puberty. 
He could also appoint a tutor for the wife of a son, who was in his 
power, and for grandchildren, unless by his death they should 
come into the power of their father. A man could alo appoint a tutor 
for his wife, who was in manu, for she stood to him in the legal 
relation of a daughter; and he could also give her the power of 
choosing a tutor. The origin of this testamentary power was probably 
immemorial custom, which was confirmed by Twelve Tables, 


Tutors thus appointed were called dativi: those who were chosen 
wife under a power given by the husband were tutores optivi. 
Gbisaber apeakaten 4p balet, she bassin won given to the nearest 
by the Twelve Tables: such tutores were legitimi. If were 
agnati, the tutela belonged to the Gentiles su long as that part of 
law (Jus Gentilitium) remained in force, When there was no 
appointed tutor, and no legitimus tutor existed, a tutor was a) 
for persons at Rome wi the provisions of a Lex A 

: in the provinces under the provisions of a 
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pupillus had also an action against him for mismanage- 
ment of his property. The tutor was allowed all proper costs and 
expenses incurred by him in the ent of the affairs of the 
pepe: and he could recover them by action. Security was required 
y the praetor from a tutor for the due management of the affairs of a 
pupillus, unless he was a testamentary tutor, for such tutor was 


chosen by the testator, and, generally, unless he was appointed by 
he had been vy 


a magistratus, for in such case 
pethe t tela of hi beres peculiar Roman 
The tu of women who were was a i I 
institution, founded on the maxim Maks onan could do nothing 
without the auctoritas of a tutor. But there was this difference 
between the tutela of pupilli and of women who were puberes: in the 
case of  amaeg sraereber peed rancor gunna ts 
the pupillus was infans, and gave his auctoritas; in the case of women 

who were puberes, the tutor only gave his auctoritas, 

The Vestal virgins, in virtue of their office, were exempted from 
tutela, Both libertine ingenue were exem from it by 
acquiring the Jus Liberorum, which was conferred by the Lex Julia et 
Papia Poppea on women who had a certain number of children. The 
tutela of a woman was i on her marriage, by which she came 
in manum viri; and also by other means. 

A woman had no right of action against her-tutor as such, for he did 


selected as a proper 


- [Zrxe. 

TWELVE es The Roman writers of the Twelve 
Tables under various names: they call them Decemvirales, 
Leges XII. Tabularum, sometimes simply Lex, the Law, as being pre- 
eminently the foundation of Roman Law ; and by other names. After 
some struggle between the patricians and the plebs, the story runs 
that a plebiscitum was passed (B.c. 454) with the assent of the senate, 
in pursuance of which three commissioners were sent to Athens and 
other Greek states to inquire about their legislation, that the commis- 
sioners returned in B.C, 452, and that in the following year ten patricians 
(Decemviri) were Bg to draw up a code of laws, whence the 
name Leges Decemvirales; The Decemviri, at the head of whom was 
Appius Claudius, formed a code of ‘Ten Tables, which were approved 
= bag senate, and received the final sanction of the Comitia Curiata. 
The code being considered defective, Decemviri were again elected 
(B.c. 450), and two more tables were added, whence the name Twelve 
Tables. | The laws were cut on tablets of bronze and set up in’a public 
place: they were not promulgated till B.c, 449, after the overthrow of 
the Deceniviri, who had attempted to perpetuate their power against 
the terms of their appointment. onyur 

It is impossible to ascertain from the scanty of the Decem- 
viral legislation how far the story of this mission to Greece is true, 
eat doubtful restr Yemen: ee ee 

Roman attempt to form a system of law, but it safely 
be assumed that the basis of the Decemviral code rasthdone Tien: 
and that except in those a 


another, the Roman Decemviral code is éne and distinct.’ It is said 

that the T'welve ‘Tables perished in the destruction of the city by the 

Gauls, but there appears to have been no difficulty in reconstruct- 

a Sede age, No Roman writer suggests any doubt of: their 
The Twelve Tables are called by Li 

privatique juris "—the source of Pu 

to a division of the matter of law which was familiar to the Romans, 
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tables became obscure, and this, with the great change of circumstances» 
must have rendered many of their provisions inapplicable. In the 
later times of the republic, Cicero observes that since his boyhood the 
practice of learning the Twelve Tables had been superseded by the 
growing importance of the Edict. : 

The Roman jurists made commentaries on the Twelve Tables. Six 
books of a commentary by Gaius are mentioned, which shows that at 
least as late as the time of Antoninus Pius the decemviral law was in 
substance still in force, that is, that the fundamental principles of 
Roman law (the Jus Privatum) were still to be sought in the then 
antiquated language of the Decemviri. 

Much has been written on the subject of the Twelve Tables. The 
last and most complete history of the labours of modern critics on the 
Twelve Tables is by Dirksen, in his ‘Uebersicht der bisherigen Ver- 
suche zur Kritik und Herstellung des Textes der Zwolf-tafel Frag- 
mente,’ Leipzig, 1824. The fragments of the Twelve Tables appear in 
the several parts of the work, and are also collected at the end. ; 

For an excellent dissertation upon the Twelve Tables as illustrative 
of the archaic form of the Latin language, the reader is referred to an 
able article in the late Dr. Donaldson’s ‘ Varronianus.’ 

TWILIGHT, the name given to the light which remains after the 
sun has set, or which is seen immediately before it rises. The reason 
of this appearance is explained in Sun (col. 915), being the effect of the 
light which is reflected from the higher strata of the atmosphere, in a 
manner which will be understood from the diagram in the column 
cited, 


In our latitudes, at the summer solstice, a portion of the twilight 
continues from the setting of the sun to its rising, circling, as the 
hours of night and morning from the western horizon through 
the north, to the east; which is the cause of there being scarcely any 
true night at that period of the year. ‘ 

J. H. Lambert endeavoured to distingui Pervert owl 
twilight, a secondary and even a ternary twilight, ing 
caused by the successive reflection, by the clouds and the air, of light 
already reflected from other regions of the atmosphere, their clouds, 
ke. 4 conformity with these views, Sir John F. W. Herschel has 
attributed to such a cause the phenomenon, seen in the clear atmo- 
sphere of the Nubian deserts, which has been described by travellers 


under the name of the “ low.” To a corresponding cause must 
be ascribed the illumination of the summits of high 


mountains after sunset (often witnessed of those of Mont Blanc and 
Monte Rosa), but in these cases the reflected light is coloured by its 
traversing tracts of the air of which the vapour is in an opalescent 
state, imparting to it various hues of red and orange. [Vapour.] 

‘The astronomer last named, always careful to explain the a Gems 
processes which are operative in the production of astronomical pheno- 
mena, in addition to the mathematical principles on which they depend, 
has poi out that a portion of the light of the sun and moon reaches 
us they are set, by means of the atmosphere, “ by reflection upon 
{and fun} the vapowws and minute solid i which float in it, 
and, also on the actual material atoms of the air itself.” (See 
< of Astronomy.’ ed. 1858, par. 44, 45.) 

The observations which have been made during the last two or three 
total solar eclipses are very instructive, in two respects, concerning the 
light ordinarily received by the earth, including that of twilight. The 
character of the darkness, while the totality continues, so much more 
intense than that of night caused by the mere aversion of the hemi- 
sphere from the sun, evinces how intrinsically dependent upon that 
luminary for light the earth really is; while the amount and pecu- 
liarity of the illumination actually existing at the same time, shows in 
how great a degree we are indebted to the reflective and refractive 


powers of the atmosphere, and to the reflection by the floating 
alluded to, by aqueous ur becoming Sinible Dut not yet cloud, by 
the clouds themselves, by the earth, reciprocally and unitedly, for 


the light we enjoy after the commencement and during the progress of 
MBut all Una is, of course, affected rangparency of 

ut is is, of course, the degree of t cy 0: 
the atmosphere and its difference at cuferent altitudes, the less trans- 
parent, in the mass, so far as we know, being thoge nearest the earth ; 
while there are facts which indicate that air perfectly free from aqueous 
vapour, such as we must conclude it to be above a certain height, is 
less transparent, or more absorptive of light, than the mingled atmo- 
sphere of air and aqueous ur incumbent on the earth’s surface, 
when the temperature is such as to sustain the latter in a perfectly 
gaseous condition. When the sky is thus free from visible vapour 
and cloud, howéver, the transparency of the atmosphere is almost 
invariable, as Professor Seidel has shown. 
Another consideration affecting this subject relates tothe probable 
nature of the highest regions of the atmosphere, on which the amount 
of reflected light causative of twilight must be greatly d it" TE, 
as inferred by Graham and Poisson (Surracer or THE Kartu, col. 932], 
the terminal stratum be solid—air-ice—the reflection from its inferior 
surface, and from’ the inferior surfaces of the comparatively dense 
strata i ely below it, must be more powerful than that from 
the rare, purely aériform strata (of which alone the highest regions are 
commonly supposed to consist), and hence may exert a marked effect 
in prolonging the twilight, as well as in lessening the darkness during 
the entire time when sun is below the horizon, It may be that 


this reflection is the principal agent in producing the remarkable 
amount of light still remaining during a total eclipse of the sun, as 
noticed above.~ What may be the bearing upon this subject of the 
observed polarising power of the sky during such eclipses has not 
been investigated, though the materials for such an inquiry, we believe, 
have been obtained, especially from the eclipse of July 18th, 1860. It 
seems probable that, the polariscope would furnish the means of 
determining whether such reflection does in reality take place, and also, 
if taken in conjunction with the atmospheric refraction of the heavenly 
bodies, of determining what the structure and constitution of the 
upper regions of the atmosphere really are. 

Intimately connected with this particular subject is the application 
of the phenomena of twilight, or rather of the amount of depression of 
the sun at the close of twilight, to determine the height of the atmo- 
sphere, first proposed by Kepler, and which, in fact, gives a height ~ 
nearly agreeing with that inferred from the law of elasticity of the 
air, of between forty and forty-five miles. But the argument from the 
observed depression of the sun is inconclusive, because we do not 
know when twilight has ceased, nor, indeed, whether it ever 
According to Leslie, admitting, from the fact that in clear weather in 
no climate is there total darkness, even at midnight, “that the body of 
air extends to such an altitude, as to receive the most dilute glimmer, 
after the sun has attained his utmost obliquity, and sunk ninety 
degrees below the horizon,” the elevation of the atmosphere must be 

ual at least to 1638 miles. In this reasoning, however, no account is 

en of the necessary limitation of the atmosphere by the cold of 
interplanetary space, which must have effect at a point greatly nearer 
the earth. On the other hand, the actual demonstration of the ex- 
istence of a solid or liquid stratum at the summit of the atmosphere, 
by the means suggested above, would probably involve also, the deter- 
mination of its altitude, and, conversely would enable us to fix, 
definitively, the extent of twilight upon the earth’s surface, [ATMo- 
SPHERE; METEOROLOGY. ]} 

A question here arises as to the photographic intensity and proper- 
ties of the reflected light from which the phenomenon of twilight 
proceeds, as com with those of the direct sun-light itself. But 
this comparison does not appear to have been made in any express 
manner. According to the photo-chemical researches of Bunsen and 
Roscoe (‘ Phil. Trans.’ 1859, p. 898), the chemical illumination, that is, 
the affection by the chemical rays, of the earth’s surface, is merely a 
function of the sun’s zenith-distance; all the elements of the sun’s 
radiation (so to call them), light, heat, and chemical action, diminishing 
equally with his altitude. As the diffused light of day is all, in its 
immediate origin, reflected, and as it, in common with that reflected 
from the clouds, normal chemical action, differing only in its 
intensity from that of the direct light of the sun, we may infer that 
a similar difference only exists in the case of twilight. 

TWINKLING OF STARS, or SCINTILLATION (scintilla, “a 
spark of fire”). This term is applied to a phenomenon which has 
attracted the attention of astronomers and scientific men in all ages, 
It consists in rapid variations in the brightness of a fixed star when 
observed with the naked eye, and is often accompanied by changes in 
the colour, and alterations in the apparent diameter of the star or in 
the length of the diverging rays which appear to dart from its centre 
in different directions. It is commonly stated that the twinkling 

i when the star is viewed through a telescope; such, however, 
is not the case, although under such circumstances the phenomena are 
modified. 

This subject occupied but a very small space in scientific works, if 
indeed it was to be found at all in them, until M. Arago devoted one 
of his searching scientific notices to the subject in the ‘ Annuaire pour 
YAn 1852, publié par le Bureau des Longitudes;’ nevertheless the 
importance of the subject has never been forgotten, and Kepler even 
invited scientific men toa conference on the subject, and appointed 
Frankfort as the place of rendezvous, F 

The changes in colour which accompany scintillation, and form one 
of its most important features, were noticed by early observers. Indeed 
the name given by the Arabs to Sirius refers to this fact ; they call it 

, or “ the thousand-coloured star.” Tycho, writing in 1572, 
respecting the new star of that year, compares it to the reflections of a 
cut diamond moving in the presence of light. Kepler also refers to 
the Dog Star as presenting by turns all the colours of the rainbow. 
Hooke, in his ‘ Mi phia,’ refers to the various colours which 
accompany the scintillation of stars, appearing red at one moment, 
yellow at another, and blue at a third. Forster (‘ Phil. Mag.,’ 1824) 
remarks that sometimes the intensely red light appears after two 
dilatations of the star, under other circumstances after three, but 
often without any apparently regular law. Several observers notice 
the scintillation of the planets; but no astronomer refers to their 
change of colour, Scintillation in their case is a simple change in the 
intensity of the light. 

The scintillation of astar, when viewed through a telescope, was 
first described by Simon Marius, who recommends that the eyepiece 
be removed from the telescope, and the eye be substituted for it, at a 
time when the sky is very clear and the air tranquil. The scintillation 
will then appear like a fulmination or ebullition of the substance of 
the star, and certain determinate and distinct colours will appear in 
greater or less: abundance according to the: stars observed, Thus 
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Sirius presents green, yellow, red, and blue repeatedly following in the 
same ix Nicholson also in 1813 remarks that the ciroular disc of 
a star vacillates in such a manner as to give the idea of a number of 
discs passing in succession before each other, These discs are of 
different colours; the light appeared to come from different sides, and 
the most frequent colours were blue, steel-blue, pene brilliant 
copper, red, and white, The same observer viewing Sirius ange 
an achromatic by Ramsden, magnifying twenty-four times, and the 
eye-piece adjusted for distinct vision, the o er struck lightly 
on the tube a series of rapid blows with his fingers, so as to make. 
the image of the star describe a Juminous line, every part of which 
displayed the most lively colours, and it was calculated that the light 
of Sirius changed in colour before arriving at the eye at least thirty 
times in a second, 

Scintillation presents phenomena too remarkable to have been allowed 
to remain without attempts, at least, at explanation, Aristotle, who 
noticed the scintillation of the fixed stars, and the steady light of 
the planets, speaks of a want of fixity in our sight for such distant 
objects, while the planets being comparatively near can be viewed 
with a steadier gaze. Ptolemy also refers to the trepidation of the 
y\ combi sight, and the consequent trembling of the heavenly body. 

m and Vitellion refer the twinkling of stars to the effects of 
refraction which the stellar rays experience in our atmosphere, Aguil- 
lonius explains it by the rapid movement of rotation of the stars, 
Tycho adopts such an explanation as when a diamond cut into facets 
rotates, but the planets do not scintillate because he imagined them 
not to rotate. Cardan adopts Aristotle's explanation. Scaliger, 
among other attempts at explanation, refers to the intermittent light 
of an incandescent body, and to the changes in the intensities of the 
stellar light produced by vapours floating in the atmosphere, _ Galileo's 
i assumes a vibration which stars impress upon their own 
light. Kepler compares the stars to diamonds cut into facets so that 
the least movement produces iridescent colours, or in other words 
he supposed a star to contain angular surfaces unequally luminous. 
Scheiner imagines scintillation to be an optical illusion. Descartes 

ins the phenomenon by means of his favourite vortices or tour- 
illons, which he supposed to surround all celestial bodies, Huyghens 
explains scintillation by means of the vapours of the earth; and 
Gassendi attributes it to a vibratory motion in the eye, Riccioli calls 
in the aid of atmospheric vapours, and imagines also that particles of 
dust and opaque filaments floating in the air influence the phenomenon, 
Hooke mee! it by the irregular refractions of the stellar rays in our 
atmosphere, arising from the unequal distribution of heat. Sir Isaac 
Newton refers to the refractive power of the humours of the eye, and 
also of the atmosphere, and speaks of a trembling movement in the 
latter. Jurin endeavours to explain scintillation by means of Newton's 
theory of fits of easy transmission and reflection. Cassini explains it 


by supposing a sort of luminous coma to surround the stars, and to | col! 


undergo refraction and reflection in our atmosphere, but that these 
scattered rays being united through the intervention of a telescope the 
twinkling is less apparent. Long explains twinkling as the momentary 
disappearance of the , in consequence of the interposition of 
motes floating in the air. Mairan refers it to an undulatory move- 
ment like that of the horizon seen over a vast plain illuminated by 
the sun. Michell’s explanation is based on the corpuscular theory of 
light. Lalande refers to the agitation of the air, and to motes float- 
ing in it, forgetting, as Long had done, that these motes must be at 
least equal to the diameter of the pupil of the eye. Muschenbroeck 
refers to the vivacity of light and to the activity with which it acts 
on our organ of sight. Darwin explains twinkling means of the 
th of accidental colours which was much di in his day, and 
explains it by the law of contrast. Saussure speaks of the tion 
of the luminous rays produced by the alternate condensations and 
dilatations of certain of the atmosphere. Dr, Thomas Yo 
says,— The cause of the twinkling of the stars isnot full sealant ; 
but it is referred, with some probability, to changes which are per- 
petually taking place in the atmosphere, and which affect its refractive 
density, It is said that in some climates, where the air is remarkably 
serene, the stars have scarcely any appearance of twinkling.” 
remarks on the singularity of the fact, that the author of the doctrine 
of interference of light, and indeed “ of the only realiy pares 
ment which has been made on scintillation from the time of Aristotle 
to our own day, should not hesitate in facing the difficulties of the 
problem to say,‘I do not know.’ There is more true merit in this 
 candour than in the former unsatisfactory attempts at explanation,” 
Nicholson, however, was equally candid, for he professed his inability 
to find in any of the known properties of light the cause of the phe- 
nomena of eer pes A Biot in his ‘ Astronomie’ bases his explanation 
on the unequal refraction of the rays by our atmosphere, | Forster 
imagines that the changes in colour which accompany twinkling must 
be due to some change in the star itself, or that our atmosphere ‘acta 
like a prism on the rays of light. Capocci refers the phonomena to 
our eye afd not to any changes in the star, while Kiimtz, in his 
‘ Meteorologie,’ refers to a lation ‘of the star as a mere 
point of light about its mean position, while a planet having an apparent 
diameter of from 30 to 40 seconds, it is more difficult to appreciate its 


et nee io ee i ' 
ly we come to the ‘explanation of Arago himself. That keen 


-only three or four centimdtres in 


observed Sirius 


observer was very much struck with the experiment 
by tapping on the ae 


t 
to 
trace of colour was observed with a star of the seventh. 


method of studying scintillation is to direct an 

Teian.® brllions sar aad to ppl aed 
e image then es an 

and of a diameter greater or ing to the iti 

piece, The disc oscillates as though a number of. 


On viewing the 
hol erty M. Arago had 
ole, @ opaque screen la 


focus was round and precise, 


in the centre. A 
surro’ by 


, and this agai 
these phenomena plainly 
the interference of light. [InTERFERENCE.] Luminous rays proceed- 
from a point, such as a fixed star, and i ) 
re, subject as it is to great variations in moisture, 
density, must have very unequal velocities ; if such rays be brought 
toa focus by means of a as they are by the lens of the eye, the 
effect of their reaching us with different veeciaes ‘il balan te Y 


alternate brigh and darkening of the image in such focus, by 
known laws of interference. If, however, the rays proceed not from a 
point, but from a disc, such as a planet, the effects would so far dis. 


turb each other as to preven’ 


t screen 
before the object-glass, on directing it to the stars named in the first 
following table horizon 
indicated in the second column, the central t became luminous, in 
the ee of five minutes, the number of chase mentioned in the 
third column ;— 


January 14, 1851, 


Sete ie ea ee eee 40 
Rigel . . . . Aerie bd 17 
Aldebaran . ‘ . # + 57° 18 
La Chévre . . . ee ORR 8 


Hy obeervaticos @ thi Bind We, drago ) 
what are the climates, the seasons, the elevations, and other circum- 
stances, under which scintillation entirely disap 
While writing this article, we haye received = M. Andrés Poey, 
Director of the Physico-Meteorological Observai of Havannah, a 
Memoir entitled ‘Loi de la Coloration et de la ration des 
Etoiles, du Soleil, et des Plandtes,’ reprinted from the ‘ Annuaire’ of the 
Meteorological Roolety of France, vol. viii, 1861, Our s will not 
allow us to do more point out one remarkable result obtained by 
M, Poey, namely, that when, in viewing a fixed star through a telesco) 
the eye-piece is drawn out the series of rings obtained are pans 
entary in colour to those seen when the eye-piece is pushed in 
j a wand . 


thinks it possible to decide 
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towards the object-glass, Ans 
TYCHE, in the Greek mythology, one of the goddesses of De 
with the Romans Fortuna was nearly the correspondent 
uniting in herself the attributes of the goddesses 
on the whole of a somewhat sterner character, .. 
daughter of Zeus the liberator. She. was the guider 
the world, the bestower of good fortune, the impersonation 
uncertainty, and transitoriness, In art, on gefs, coins, 
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and ; 
the right hand, and ears of wheat and 
bestower of gifts; as the good-fortune o' 
richly draped with a crown of towers, a cornucopia and oth 
staibuten of prosperity.. Tyche had aeniples devoted to her one 
at Smyrna, at Pharae in Messania, at A2gi te Oe 
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elsewhere. ( . ‘Tyche und: Nemesis ;’, Miiller, ‘Aa der 
Kunst,’ and ¢ D: er-Alten: Kungt.’) 1 .fitht aul Gtpewinny oe 
TYPE-FOUNDING. | [Privtixc.] \y cause Bible Bes? och 
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TYPE METAL. The alloy formerly used for printers’ types con- 
sisted of lead and antimony in about the following proportions :— 
Lead . . . . . . . - 75 
Antimony. . . . . . oe « (95 


- . 100 
Recently, however, a harder description of metal has been fourid neces- 


, especially for the smaller letters, and the n quality has 
een attained 7% the partial or even total substitution of tin for lead 
in the above com The alloy of this description most commonly 
used is the follo i 
Lead . . ‘ ‘ ‘ ‘ ry s 50 
Tin « . ‘ . . . . a 25 
Antimony . ‘ ° a . i « 25 
100 
Another alloy known as Didot’s metal consists of— 
Tead . . . : ° - 30 
Tin. ; é Ps ; . 3. 380 
Antimony . e . . « 30 
Copper « . : . . ‘ + « 10 
100 
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] 
tyrant and come réspectively from 
the Greek tyrannos, tyrannis (rbpavvos, tupavvls), through the Latin. 
The earliest instance of the word tyrantius is perhaps in the Homeric 
to Ares (Mars). It is used by the earliest extant Greek historians, 

jotus and Thucydides, to signify a person who sovere 

and owed it to usurpation, or who derived it a person w 
obtained such power = usurpation, aid who iaintained it by 
ple of a is Pisistratus, wlio usurped the 
(Ngee gry wg , and was sticceeded in it by his 
: son A Greek tyrant who obtained sovereign power 
‘was @ monarch endl es ghee Ae that term. [Mowarcn.] If he 
acquired a power w ‘was somewhat less than sov , he was not 
ph game ie either case he would si be _ us ai 

accordingly the word does not express with accuracy the degree 
political power which an individual acquired, but it rather expresses 
the mode of acquisition, or refers to its originally illegal origin. Still 
the term , a8 used am the Greeks, always indicates that the 
person so called was at the head of the state, and possessed at least 
more power than any other individual or any number of individuals in 
word, as used by the older Greek writers, did not carry with 
it any notion of blame : it simply denoted a person of such 
litical power as above mentioned, whether he used it well or ill. 
se so-called tyrants were popular with the mass of the community, 
and were men of letters, and patrons of literature and art. They might 
iately be called kings or princes in the modern acceptation of 
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su 

a of any modern name inaj . 
mh ni ~iech- alt ot peed vi. 23, &e.; vii. 165) 
ie monare tyrant are a8 synonymes to express an 
RAiaAl whe ponsunes screceiqn power) 44 ‘si olin tietaher WM iinet 
king (SacAets) and monarch 
7), after stating that a polity or 
one or of a few, or of the 


a motiarchy which has 
z all members of the eaten kingship (aia 
and that a monarchy which has regard only to the of the 
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monarch is a tyranny. In the case of Miltiades, who became tyrant of 
the Thracian Chersonesus, Nepos (‘ Miltiad.’) remarks that “all persons 
are considered and called tyranni who enjoy lasting power in a state 
which has once been free.” This definition seems to express pretty 
clearly the old Greek notion of a tyrant, but it leaves out of con- 
sideration the mode in which the power was acquired. Nepos remarks 
that Militiades was called “ Tyrannus sed justus,” “tyrant, but tyrant 
in constitutional form” (not just), for he had been elected by the 
edt Accordingly, he says in another place, he had the dignity or 
rank of king without the name. This is consistent with Herodotus 
(vi. 36), who says that the people made Miltiades tyrant (répavvov 
KaTeoThgavro). 

Among the Roman writers tyrannus is often used as simply equiva- 
lent to king, especially by the poets. Cicero couples dominus and 
tyrannus, thereby intending to use tyrannus in a bad sense, which was 
itr the more common acceptation of the word among the Romans 

his time and subsequently. Seneca seems to refer to the original 
sense of tyrainus when he says, “ A tyrant is to be distinguished from 
aking (rex) by his conduct, and not by the name: for Dionysius the 
elder (who was called a tyrant) was a better man than many ; 
and Lucius Sulla may be appropriately called a tyrant, for he only 
ceased from slaughter when he had no more enemies to kill.” (Facciol., 
* Lex—Tyrathus.’) According to this,a man might be called tyrant 
without being a cruel governor, for there were instances of persons so 
called who had tsed their power with moderation ; and yet a man who 
had not the title of tyrant might be called tyrant on account of his 
cruelty. It seems as if Seneca was trying to distinguish the popular 
use of tyrant in his time from its earlier historical signification. 
Tribellius Pollio has written the ‘ History of the Thirty Tyrants’ who 
rung up in the Roman empire in the time of Gallienus and Valerian. 
These so-called tyrants were not more tyrannical, in the modern sense 
of the term, than many Ruman emperors. 

The tise of the modern words tyrant, tyranny, tyrannical, has been 
as Vague as that of most other political terms. The term tyrant is 

ly limited to the government of one man who is sovereign, and ” 

e popular application of the term expresses disapprobation of his 
condtct, Aristotle's definition of tyrariny would apply well enough to 
a modern tyrant: he is a sovereign who looks only to his own interest, 
or what he considers his owt interest, and cates not what he does in 
order to accomplish his objects. But if he were 4 wise sovereign, and 
administered the state solely with a view to his real interest, that 
would be found in the main to ¢oincide with the interest of the 
people, and he would not be called a tyrant, though perhaps he would 
come within Aristotle's definition, But Aristotle's language, though 
ert precise, is not so, and he means by a tyrant administerin 

« state for his own interest, that he also administers it to the detri- 
ment of the people. The word tyrannical is now often applied to acts 
of governments which are not monarchies ; but this is an improper use 
of the word. We may say that the laws enacted by the sovereign 
2 dnd in Great Britain are sometimes impolitic, unwise, or injurious 

the state generally ; they may also be sometimes called oppressive; 
but they cannot with propriety be called tyrannical, though such an 
expression may be and ofteti is used in the vulgar sense of character- 
ising Ms law which for some reason the person who uses the term does 
not like. 


Confusion in the use of political terms, which is an index of con- 
fusion of thought, leads to absurdity in conduct. It is therefore a 
tmatter of some moment to clear up such confusion, which all ple 
should try to do who presume to speak or write on matters political. 
A careful perusal of the following articles in this work, even if they 
should not be quite free from error, will put a man in the way of 
cotning to right notions as to the meaning of Artstocracy, Constiru- 
tion, Democracy, Kina, Law, Moyaiton, Repusrtc, Soveretanty, 
TYROSIN (C,,H,,NO,). A coloutless crystalline organic substance 
obtained along with ‘Levers, by the action of potash upon albumen, 
fibrin, casein, horn, hair, feathers, &e. It also exists ready formed in 
cochineal. It possesses neither acid nor alkaline properties, 


” ‘be inferred from their relative 
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U. 
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U is at one extremity of the series of vowel sounds, lying next to the 
vowel o, In the Hebrew alphabet it docs not » and was 
probably originally wanting in that of the Greek tongue. For the 
different forms of the letter see ALPHABET. 

1. The close connection between this vowel and the vowel o might 
ition in the vocal gamut, and 


been already the subject of re under the article O. 


2. # is interchangeable with the diphthongs oc or oi in Latin. Thus | 


ciira, itor, finus, miinio, miirus, often appear in the older dialects of 
that as coira or coera, oitor or oetor, oenus (observe the w 
sound at the beginning of the English word one), moinio or moenio, 
moerus. Hence the verb iro is sromly connected with oestrum, and 
also with aestus, aestas, as well as Vesta, Vesevus. In the same way 
foetus, foecundus, are formed from the old verb fuo, by the addition 
of the common suffixes tus and cundus, which are so often attached to 
verbs. Again the variation in the forms of Poeni and Punicus is an 
example of the same principle. It may be added, that all the words 
munus, munire, communis, immunis, munia, murus, are connected 
both in form and meaning with the Greek words, such as poipa, 


3. u with au, as in the Latin forms claudo and cludo, and the Latin 
mus com: with the maus, a mouse. 

4. A short u with a Thus those who represent the Arabic article 
in English characters are divided between al and ul. 

5. A short w with @ Thus the Greek tongue, or rather pen, prefers 
the syllable el where the Latin writes ul, particularly in the penult 
syllable : as uceAos, Siculus : compare also the cry eAeAeAev with the 
Latin ululare. The Germans again prefer el. Hence the Latin tabula, 
fabula, appear in Gane ma Solel, Sobel The vowel u is also preferred 
by the Romans before n, if a d or t follow. Hence rediens hasa genitive 
redeuntis, and faciundus is as common as faciendus, 

6. A short u withi. See L,s, 2. 

7. For the interchange of du with 4 and v, see B, D. 

8. For the interchange of / with u, see L. 

9. Ow not unfrequently results from on, particularly in the Greek 

, a8 odous for odovs ; TumTove: for TruwTovT:; and the accusative 

ural of the second declension, o:xous, is a corruption of o«oys, being 

iormed from the singular o«oy by the addition of the affix for 

plurality. Mr. Payne Knight appears to be wrong in inserting a 
i in this form. 

10. For the loss of an initial c before u,see C. In confirmation of 
what is there stated, it may be observed that uter ap in an 
inscription which is determined by its contents to belong to the 
Augustan wra,in the form cuter, at least neuter is written necuter. 
The scandalised at such a form, altered it into nec vero, to the 
utter annihilation of the sense, until Marini again restored the true 


2 He, Sayed stone, 
11. insertion of a y sound before u is not limited to an initial 
u, a8 in union, university; but occurs in the middle of words, Thus, 
in Norfolk “true” is sometimes pronounced “tryoo.” It is probably 
in this ts aoe the English have adopted the orthography ew in so 
many wi , a8 new, few. 
12. For the intimate connection of u with V and W, see those letters. 
UDAL TENURE. The Norwegian term “ Udal,” or “ odel,” ap 
to be the same as the German “adel,” or “noble.” Tenure is an 
improper name as applied to Udal land, for the land so called in 
Norway is not held by any tenure, but is free from all services. 
There is neither superior nor vassal, nor any of the consequences of 
such feudal relation as exists in many countries in Europe. (Laing’s 


Norway.) 

ULCER. INFLAMMATION. } 

ULEMA ema), the collective name of the body of learned men 
in Turkey, is the plural of the Arabic “’Alim,” “ wise,” 
originally “the wise men.” The learned men in Turk 

which received its organisation from Mahmud Pasha, pa 
vizir of Mohammed II., the conqueror of Constantinople, the 
meaning, the ulema consists of three classes, the mollahs 


m i, the mudaris, and the moultazims, From the first two classes 
are the in of the laws, the principal mollahs, cadis, 
nazibs, muftis, sheikhs; from the third, the lower cadis and 
khatibs. The 


imams and the inferior ministers of worship are not 
metabers of the ulema. The mufti, or Sheikh-ul-Islam, is the president 
of the ulema, and formerly had great political influence. No one can 
become a “ muderri” (professor) or “ kadi” (judge) except a member 
of the ulema, nor can any one be appointed chief ju or mufti 
without having on Pereinad a subordinate place as judge or 

. An individ ng to the ulema is called by the 
general name “‘ mollah,” or “a man of the law.” In important cases, 
the mufti assembles the ulema, or as ay of them as he judges con- 

i the subject. 
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when it is old, secrete a liquid which dries as it 
consists principally of mucilagi 


acetate o , and even 


process ;—heat ina silver crucible 
ust, with a little water; the mixture 


eere 


operation oxygen is absorbed 
acid is formed. When cold, 


i 


rree 


It is insoluble in acidulated water or in saline solutions: sulphuric 
acid dissolves it without a) t alteration, and becomes blackish : 
solution. Ulmic acid reddens tincture 


| 


ves, 
y digesting them in a weak solution of potash : 
by this a brown-coloured solution of ulmate of potash is formed, from 
which acids throw down ulmic acid. 
According to Boullay, ulmin consists of — 


Rydsojet FNS Se ee 


Oxygen . . . . . . . 


Malaguti and Boullay, by ing sugar with dilute sulphuric‘acid, 
obtained two substances, which they supposed to be identical with 
ulmin and ulmic acid ; but, ing to Liebig, they are of a different 
nature, and he has given them the names of sacchulmin and sacchulmic 


acid, 

ULMIN. [Unate Aci. 

ULMUS CAMPESTRIS, Medical ies of. The bark of this ; 
species is officinal ; it should be collected in spring from branches not q 
too old : the outer bark is removed, and the interior, or liber, retained 
for use. When recent it is of a whitish-yellow colour, but when dried " 
it is externally of a cinnamon hue, and curled w ; the inner surface f 
smooth ; it is from a quarter to half a line in thickness, tough, fibrous, 
not easily powdered, devoid of smell, with a mucilaginous, bitterish, ; 

i it taste. 


The cold watery infusion becomes green on the addition of a solution 
of sesquichloride of iron, aes eae is thrown down by a 
solution of gelatine. It por, iar tonic, and astringent pro- 


= = 
period as an astringent, it is little used at the present dey, notwith- 
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severed in for many mon 


the le taste 


id reject less 
— medicines, It is one of the best substitutes for 

t is commonly administered in the form of decoction, but as the bark 
contains much starch, this is objectionable. An infusion made with 
cold water is far preferable. A pint or more of this is to be taken 


daily. 
The Ulmus fulva, tawny-budded or slippery elm bark of America, is 


a very valuable demulcent, tonic, and astringent, and of great utility : 
in the diserhosss aiid dpsenterien of the southern pets af aie/Linied : 


ULTRAMARINE. 
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States. Asan emollient this bark is of great service as an external 
application to wounds, bruises, chilblains, and cutaneous eruptions; 
for these it is made into a poultice. The bark of this tree 
is probably that which is termed cortex unguentarius, which is in high 
repute with the aborigines for the cure of wounds. 

ULTRAMARINE. This beautiful blue pigment was originally 
made from the stone called Japis lazuli; and as the process was a 
tedious one, the price was enormously high. The lapis lazuli was 

by Clement and Desormes; and their is led Guimet 
to the conception of jucing artificial ultramarine. Other chemists, 
including Gmelin and Robiquet, devised other modes of attaining the 
same end; and now artificial ultramarine is a manufacture. 


12 high chimneys, and 12 lines of tram- 
ways. Thé polygon is 136 feet in diameter. In various parts of the 
area are mills, steam-engines, washing apparatus, long ranges of drying 
rooms, and store rooms for 5000 or 6000 cwts. of artificial ultramarine. 
Two hundred persons are employed in this single manufacture. The 
best kinds of artificial ultramarine, used only by artists, pass through 
no less than eighty separate ; but the commoner kinds, 
which are commercially more important, are coming largely into use 
in paper staining, sealing-wax making, calico printing, colour printing, 


and dyeing. 

According to the experiments of Dr. Elsner, ultramarine must con- 
tain sulphuret of iron as well as sulphuret of sodium, and he has given 
the mean of several of artificial ultramarine, of natural lapis 
lazuli, and of an artificial product by Varentrapp :— 

Lapis Artificial, 
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Lazuli. from Meissen, Elsner, 
Potash we te F Aas 1.75 3 
Soda . . . e + 9°09 21°47 40° 
Alumina. . . + 31°67 23°30 29°5 
Silica . . . . 45°50 45°00 40°0 
Gilphuy swe. Oe O85 1°68 40 
Lime . . . « « 852 0°02 as 
Tron . . . . - 0°86 1°06 10 
Chlorine yen, OS. ie, +. 
Sulphuric acid . ° - 5°89 3°83 3-4 
Water . Py . « « O12 oe oe 
UMBER. [Corourtne Marrers.] 


UMBILICUS. This word has sometimes been applied to the focus 
of an ellipse ; but in modern works, it stands for a point of a surface 
through which all its lines of curvature pass. At such a point the 


ed. 

UMBRELLA, a shade carried over the head asa shelter from the 
we. the sun, or from rain and snow. Although the name is appli- 
cable in either soa ee pecans tnocs sedouiy: in the former, the term 
umbrella is ied in this country only to such of these 
i are a protection against rain; while the name 
given to the light kind of umbrella carried by ladies as a 
fro’ of the sun. The French have a better dis- 
between the two kinds of umbrella; using the name parasol 
rays of the sun, and parapluie (from 
ood rain) for those used as a defence against inclement weather. 

mbrellas were introduced into Europe, in comparatively recent times, 
the East, where they have been used for shelter against the sun 
time immemorial. Although pretty well known in London more 
a since, they did not come into 
later. 


Sp 


in the halls of genteel houses, for holding over persons as 
to carriages; and even long after they began to 
pedestrians, they were considered si 

males. Increased attention to co 


> rendered them almost as essential as articles of dress, even to the 
humblest classes, 
The construction of common umbrellas, and the contrivances by 


which they are made to expand or collapse at pleasure, are too 
‘ familiarly known to need description ; and it is unnecessary to do more 

than mention some of the ingenious improvements which have been 
z ARTS AND SCI, DIV, VOL, VIII. 


devised. In umbrellas of the ordinary construction the ends of the 
ribs are connected with the fixed ring upon the end of the stick, and 
the ends of the metallic rods called stretchers are attached to the 
sliding-tube, by rings of wire; so that the axes upon which they turn 
when the umbrella is opened and closed form ares of a circle, instead 
of straight lines, by which excessive friction and destructive wear are 
oceasioned. The outer ends of the stretchers, also, are connected with 
the ribs by means of axes or pins passed through the latter, by which 
they are so weakened that they frequently break. These defects are 
remedied in some modern umbrellas, by the adoption of ingenious 
though simple joints. Another new kind has a joint for connecting 
the stretchers with the ribs, allowing the framework to collapse into 
less than usual, and preventing the fretting or wear of the cover 
at the ends of the stretchers. Very light and compact umbrellas are 
made with ribs of steel instead of whalebone or cane, which latter 
material, stained to resemble whalebone, is used in those of the com- 
moner sort; and some of the best umbrellas and parasols are made 
with hollow or tubular metallic sticks, which combine lightness with 


h. 

In some of the umbrellas of recent invention, the ribs, sticks, strips 
and fillets are made of vulcanised india-rubber, a very tough yet 
elastic material. In Fox’s patent umbrellas the ribs and stretchers are 
made of thin steel bent into the form of a hollow trough, by passing 
strips of metal between suitably shaped rollers, and annealing them 
rie pe the ribs and stretchers are thus made very strong although 
light, their ends are properly shaped between steel dies. By. 
Holland’s patent, the ribs are made of elliptical hollow tubes. Mr. 
‘Pitton makes telescopic handles, and steel ribs with a folding hinge 
or joint. Many firms at Birmingham carry on the manufacture of 
umbrella furniture on a large scale, employing machines for every 
part of the work ; even the little hinges which allow the handles of 
parasols to be folded are made to the extent of severals tons yearly. 

UMBRIAN SCHOOL OF PAINTING. [Parst1xa.] 

UMPIRE. AWARD. The word umpire is sometimes used to 
denote the person who in the first instance decides a controversy ; but 
in its legal sense it means a person named in the Submission, or under 
its authority, by the arbitrators [ArBrrraTion] to decide the matters 
referred, which the arbitrators either cannot or will not decide. 

The rules which govern an arbitrator regulate the conduct of the 
umpire also. If-arbitrators agree upon certain matters referred to 
them, but are unable to agree upon others, the umpire may adopt and 
incorporate in his umpirage the former, and may himself decide upon 
the latter. If again arbitrators are unable to decide upon matters 
concerning which they have heard the evidence, they may report that 
evidence to the umpire, and his award thereon will be , provided 
that before it was delivered neither party required of him to hear the 
evidence afresh. 

UNCIA, the twelfth part of the As. ‘The mathematicians of the 
17th century frequently used this word to signify the numerical co- 
efficient of an algebraical letter. Thus Halley (‘ Phil. Trans.,’ No. 216) 
talks of “that admirable invention of Mr. Newton, whereby he deter- 
mines the Uncie, or numbers prefixed to the members composing 
powers,” meaning to speak of what we should now call the numerical 
coefficients, which enter in any particular case of the binomial 
theorem. 

UNDECAGON, a figure of eleven sides. 

UNDETERMINED (Mathematics), not known, as distinguished 
from indeterminate, which cannot be known. Thus, “ What numbers 
are those whose sum is 100?” is indeterminate: many numbers will 
satisfy the condition, but the problem contains no mode of distinguish- 
ing the answer which is wanted, nor of giving a preference to one 
answer over another. But an undetermined quantity may be deter- 
minate, or capable of being determined. There is, however, fre- 
quently a want of proper distinction in the use of these words, 
(Lxyperermrarte. 

UNDULATORY THEORY OF LIGHT, a theory in which it is 
attempted to explain the phenomena of light by the supposed vibra- 
tions of an ethereal medium. 

Descartes is considered as the first who entertained the opinion that 
vision might be so explained; but that philosopher only states that 
light may be a certain movement or action of the molecules of air and 
other pellucid substances, He supposes that the effects may be 
instantaneously transmitted to the eye; and he compares the appre- 
hension of external objects by vision to that which a blind man obtains 
when, holding a staff at one of its extremities in the hand, the opposite 
extremity comes in contact with an obstacle. (‘ Dioptrices, cap. 1.) 
Mallebranche appears to have conceived that there existed an analogy 
between the phenomena of sound and those of light; ascribing the 
former to vibratory movements of the particles of air, and the 
latter to the like movements of the particles of an ethereal medium 
between the luminous body and the eye. But Huygens (‘Tractatus 
de Lumine’) both advanced the undulatory hypothesis and explained 
by it the laws of reflection and refraction of light not only for ordinary 
media, but also for Iceland spar, which possesses a powerful double 
refraction. Newton, however, adopted the corpuscular theory, having 
been influenced it would seem chiefly by the difficulty of accounting 
for the rectilinear propagation of a pencil of light, and the existence 
of shadows, on the undulatory hypothesis. The great reputation of 

Hu 
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UNDULATORY THEORY OF LIGHT. 


Newton, the simplicity with which the existence of rays fell in with 
the corpuscular compared with the undulatory theory, the want of 
sufficient familiarity with the conception of undulations, and the 
mathematical difficulties inherent in their investigation, ined to 
retard the progress of the undulatory theory, and caused cor- 
puscular theory to be that chiefly in vogue up to the commencement 


FERENCE), and applied it seen to the e 
of thin plates, of the fringes seen in the middle of the shadow of a 
slender opaque body, which latter were proved to be incontestably due to 
interference, since they disappeared when the light which passed, or was 
about to pass by one side of the opaque body was intercepted by a 
sereen, though the light which passed ve the other side remained the 
same as before. The same principle,in the hands of Dr. Young, led to 
an explanation far more complete than any that had hitherto been given 
of various others of the curious phenomena of diffraction (Dirrracrion 
or Liou], and at his suggestion Dr, Wollaston undertook an experi- 
mental investigation of the laws of extraordinary refraction in Iceland 
spar, which ended in a complete verification of the construction which 
Huyghens had given under the guidanve of the theory of undulations,’ 
a construction which was further verified by Malus in France, by 
observations made in a totally different manner, 

Later still, Fresnel, in his celebrated memoir on diffraction, reduced 
the explanation of the phenomena of diffraction to two principles, 
Huyghens’s principle, and the principle of interference, which are neces- 
sary consequences of the most fundamental assumptions of the undu- 
latory theory, and proved by exact measures the accordance of theory 
and observation ; and Fraunhofer, by observations on pure diffraction 
spectra, admitting of almost astronomical precision, verified the formule 
which result for that case from the principle of interference. Mean- 
while a new and splendid class of phenomena, those relating to 
polarisation and the colours of crystalline plates, &c., engaged the 
attention of the most celebrated experimentalists; and though these 
for a time seemed difficult of explanation on any theory, they fell 
naturally into their places when the hypothesis of transverse vibrations 
[Potanisation or Licut]}, which occurred independently to Young 
and Fresnel. was introduced into the undulatory theory. Guided by 
this hypothesis, and by dynamical considerations, Fresnel constructed 
his celebrated theory of double refraction, which, without being, or 
professing to be, a perfectly rigorous mechanical theory, is one of the 
most wonderful scientitic generalisations which the human mind has 
achieved ; and while it explained the previously known laws of double 
refraction. and the polarisation of each of the refracted rays, corrected 
in some respects the laws previously assumed by experimentalists, and 
led to the discovery of new and unexpected phenomena, Thus while 
in the progress of optical science the corpuscular theory remained 
almost entirely barren of results, beyond the explanation of the laws 
of reflection and refraction and of the aberration of light, and even 
appeared to be contradicted by certain phenomena, the theory of 
undulations has continually been acquiring fresh strength, by bringing 
complicated phenomena into harmony with one another, and with the 
fundamental hypotheses of the theory, And within the last few years 
M. Foucault, by proving, by direct experiment, that light travels faster 
in air than in water, has given the coup de yrdce to the corpuscular 
theory. 

The fundamental assumptions of the undulatory theory are these : 
1. That all space to the remotest visible star is filled with a rare and 
elastic medium, or ether, which also penetrates the substance of air, water, 
glass, and bodies in general. 2. That light consists in a succession of 
tremors or undulations propagated in this ether, 3, That self-luminous 
bodies, or rather their ultimate molecules, are in a state of vibratory 
agitation, which they are capable of communicating to the ether, in which 
they are propagated onwards by virtue of its elasticity, just as sonorous 
bodies are in a state of vibration, and com: te their vibrations to 
the surrounding air, by which they are propagated onwards in waves 
of sound. 4, That these ethereal vibrations are capable of affecting 
the nerves of the retina so as to produce the sensation of light, in a 
manner bearing a more or less close analogy to that in which the vibra- 
tions of the air affect the auditory nerves so as to produce the sensation 
of sound. 5. That, as in sound, pitch depends upon the frequency of 
the aérinl vibrations, while for a note of given pitch loudness depends 
on the amplitude of the excursions to and fro. of the particles of air, 
80 in light colour depends on the frequency of the ethereal vibrations, 
while for light of a given kind brightness depends on the amplitude of 
the excursions of the particles of ether. 6, That the ethereal vibra- 
tions within refracting media are affected by the presence of the 
material particles in such a way as to be propagated with leas velocity 
than in vacuo, whether it be from an increase of density of the ether, 
or a diminution of its elasticity, or from the ether having to thread its 
aay. among the material particles, or from some similar cause. 

‘o a reader acquainted with the theory of d the concep of 
an undulation is already familiar; but for the sake of others it may be 
well to use one or two illustrations, Conceive then a long rope to be 
stretched horizontally between a fixed support at one end, and the hand 
of a person holding it at the other, If the person now rapidly move 
his hand laterally and back again, the rope near the operator will be 


at 


thrown into the form of a curve, and this curve will be seen to travel 
the rope towards the fixed end. Yet it is evident that what so 
trayels is not matter, but an affection of matter. The different portions 
of the rope merely move to and fro; what progresses is a 
certain state of things, a state of di t and motion which the 
different portions of the rope assume in succession, Again, if a stone be 
dropped into still water, a series of ciroular waves travel outwards from 
the point of disturbance, but the particles fi Goan ont, wo cea 
cork, but ; 
down, oscillating 


shell immediately outside it, and so on. Thus a wave of 
(immediately followed, in Ec of fact, by a wave of rarefaction) 
propagated outwards from the place of while the particles 
air themselves merely move a little to and fro in the direction of 
pagation, In the first example undulations are propagated along a 


— 


in the second along a surface, in the third in epace, or in three dimen- 


sions; and in this respect the third best illustrates the undu-— 
lations which we contemplate in the of light. ‘ Re 
In all cases of undulation we must y distinguish between the — 


velocity of propagation, or the rate at which a certain form or stateof 
things is propagated, and the velocity of the particles of the medium in- 
which the undulations take place. The former depends only on the 


density and elasticity of the medium. Density we must conceive to he 


be measured by the inertia of the portion of the medium contained it 
a given yolume, and therefore we must attribute inertia to our sup 
posed ether; but whether it possesses weight, whether it is to 
the influence of gravitation, is a question which we need not speculate 
about. By elasticity is merely meant the force whereby the medium 
tends to regain its primitive state, whether by resisting change of 
volume, as in the case of air, or change of figure, as in the case of india- 
rubber, We know that the velocity of ion of sound in air is 
about 1100 feet per second, that of light in vacuo about 192,000 miles 
per second. The velocity of the particles may, however, be as small as 
we please ; and in the theories of sound and light (with the exception, 
at least, of the explanation of certain phenomena relating to vio- 
lent sounds), it is sufficient to treat the motions of the 
indefinitely small, so that we may apply the general dynamical - 
ciple of the superposition of small motions, In other words, if the 
medium (air or ether) would be disturbed in one way by one cause 
acting alone, and in another way by another, the actual disturbance at 
any point when the two causes act together will be got by eompound- 
ing the disturbances (expressed by displacements or velocities, as the 
case may be) due to the two causes taken separately. The actual 
direction of motion of the particles of the medium may be left a per- 
fectly open question so far as relates to the conception of an undula- 
tion and the explanation of phenomena thereby, and by the application 
of the principle of the co-existence of small motions, Thus, in the 
example of the rope, the motion is rectilinear, and perpendicular to the 
direction of propagation ; and if the operator, instead of moving his 
hand backwards and forwards moved it round and round, the path of 
any particle would be a curve lying in a plane perpendicular to the 
direction of propagation. In the example of waves on water, each pa 
ticle moves in a curve lying in a vertical plane passing through the 
direction of propagation; while in the third example the motion is 
simply to and fro in the direction of propagation. 

A single pulsation of air is audible as a noise, though it does not — 
convey the idea of pitch; but even in the most transitory light, such 
as that of the electric spark, the phenomena of dispersion and inter- 
ference indicate that we have to deal with a succession of a great num- 
ber of similar undulations, Returning, for simplicity of conception, to 
the illustration of the rope, let us therefore suppose that the operator 
moves his hand backwards and forwards in a regular periodic manner, 
The rope wil] be thrown into the form of a sinuous curve, which travelg 
along it. The distance from any particle to the next before or behind 
which is in the same state of motion, is called the length of a wave. It 
is evident that a single wave-length comprises two bow: i 
of the curve, the displacements in which are on opposite sides of the 
mean pees and which may be distinguished as positive and negative ; 
and that any two points distant by half a wave's | are in 
exactly opposite states of displacement and motion, at least if we su 
pose the positive and negative portions of the curve exactly alike, 
we reflect on the motion of any particular particle, we shall readily see 
that it goes through its changes once le the wave-form progresses” 
by one wave's length. Hence, if v be the velocity of propagation, A 
the length of a wave, and 7 the periodic time of vibration of a single 
particle, we have the fundamental relation A = v7, which applies to 
undulations in general, since what was said in the case of the rope holds. 
good generally. In the case of light, the absence of prismatic colours 
when a star is displaced by aberration from its mean position, the 
absence of changes of colour when one of Jupiter's satellites enters or 
emerges from his shadow, and the existence of periodic stars, such as 
Algol, which rapidly change in brightness without in colour, 
indicate that the velocity of propagation of light in vacuo is the same 
for all colours, The phenomena of interference furnish us means 
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undulations, which is called Huygens’s ciple. 
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the parts of it arrive in succession at a given 
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the point 
wave thence diverging is 


secondary 
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legitimacy of thus conceiving a wave to be broken up is @ direct 
of the general dynamical principle of the co-existence of 
small motions, The secondary waves 


the 
latter is propagated une & well as forwards. The explanation 


a 


a to the dyna- 


to its application to the demon- 
according to the theory, of the laws of reflection 
We may notice, however, in the mean time some 
propagation of light in a uniform medium. 
then, a surface 
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all 
explained, the secondary waves, which 
will be all of by 


the same magnitude, will by our supposition be spherical ; 
geometry we arrive at the following construction 
of the wave in its onward course. At all 
wave at the time ¢ draw normals, at the side 
which the wave is - in length to of’ ; the locus 
of the extremities of these normals will be the front of the wave at the 
cap anna a the courses pe rays. 
is not arbi osen system of straight 
th Which contain two,arbitrhry rs, that 
system of ; the lines must admit of being 
This geometrical property, 
of undulations, may of course be 
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medium 
be uniform, but differently consti- 
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waves be spherical, and the course of a ray, while 
rectilinear, will no ger be perpendicular to the front of the wave. 
‘We come now to the explanation of ordinary reflection and refraction 
on the theory, according to the principles laid down by 
Huygens. We in the instance, for the sake of simplicity, 
the reflecting surface to be plane, and the incident waves to be 
plane likewiee. Let the of the paper be the plane of incidence, 
and therefore the same time to the reflecting surface 
and to the planes of the Let it cut the reflecting surface along 
AB; and let wy, PQ, RS, lying in the plane of the paper, be three 
incident waves, eee therefore the courses of 
If there were no , the wave at one instant at x 
lapse of time required to describe the perpendicular 
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nam 


|| with the tangent plane 


| 


distance of ts plane from s, comé into the position represented in 
section by Sgn, perpendicular to rs, yQqg, and MN In order to 


examine the effect of the interruption, imagine each portion of the 
Wave as it arrives at Ns to become a centre of disturbance, from 
whence diverge hemispherical waves into the two media respectively, 


these | With the velocity appropriate to each. Consider for the present the 


first medium only. The times which have elapsed since the wave, now 
supposed to be at s, was at the points N, Q,---, are those required to 
describe N n, Qq, ---; and therefore the radii wn’, qq’, ---, of the hemi- 
ical waves which diverged from Nn, Q---, are equal to Nn, Qq ---- 
hrough s draw a plane perpendicular to the plane of the paper, touch- 
ing in »’ the hemi whose centre is at N. It is evident that the 
point ’ will lie in plane of the paper, and that the plane s x’ will 
touch all the secondary waves, and therefore will be the front of the 
reflected wave. Moreover N x’, which is perpendicular to this plane, will 
represent the reflected ray corresponding to the incident ray of MN. 
Hence the reflected ray lies im the plane of incidence ; and on account 
of the equality of the triangles sxx, sNx', the angles SN”, SN7n’; 
which are the complements of the angles of incidence and reflection, 
are equal, and therefore the angles of incidence and reflection are 
themselves equal. 
Consider now the second medium. Everything will be the same as 
before, except that the radii nn’, @q’, of the secondary waves 


diverging front N, Q, instead of being equal, will only be ional, 
to Nn,Q4q, ing to them the ratio of v’ to v, where 7 is the velo- 
city of propagation in the second medium, The semicircles in which 
the hemispheres diverging from the various points of Ns are cut by 
the plane of the paper will form a system of curves for which sis # 
centre of similitude; and it will be readily seen that if through s be 
drawn a plane perpendicular to the plane of the paper, and touching in 
n' the hemisphere diverging from y, it will be the envelope of the 
secondary waves in the second medium, the point »’ will lie in the 
plane of the paper, and wn’ will be the course of the ray refracted at Nn, 
which will therefore lie in the plane of incidence. Also the angles 
Nn, N87’, which are the complements of the angles s Nx, 8 Nw’, are 

ual to the angles of incidence and refraction respectively, and sine 
of incidence : sine of refraction :: Nn=+N8:Nn’+NS::Nn:NM 3: 0:0’, 
a ratio which is constant, that is,independent of the angle of incidence; 
which gives the law of refraction. 

These laws may be easily extended to the general case in which the 
incident waves and the reflecting or refracting surface are of any form. 
For let PQ in either of the above figures represent a ray incident at Q, 
and therefore normal to the incident wave, aud through Q imagine two 
tangent planes drawn, one to the incident wave, and the other to the 
reflecting or refracting surface. Confining our attention to the secondary 
waves which start in either medium from the immediate neighbourhood 
of the point Q, if we suppose them to start when a wave coinciding 
to the wave, instead of the actual wave itself, 
arrives at the surface, and again, if we replace the actual surface by the 
tangent plane to it drawn through Q, we shall only commit an error on 
the position of the centre and magnitude of the radius of a secondary 
wave which is a small quantity of the second order, the distance of its 
centre from the point q being deemed a small quantity of the first 
order. Hence the line of intersection of any two such secondary waves 
will only be rendered erroneous by a small quantity of the first order,, 
which vanishes in the limit, and therefore the point of ultimate inter- 
section of the secondary waves will not be affected. Hence the laws of 
reflection and refraction will remain the same as before, the normal. to 
the surface at the point of incidence taking the place of the perpen- 
dicular to the plane. 
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This mode of conceiving of reflection and refraction shows at once 
that if the point of incidence be slightly varied, and a ray starting from 
& point in the incident, and reaching a point in the reflected or refracted 
ray, be supposed to follow the varied instead of the actual course, tra- 
yelling in each medium with the hires priate to it, the time of 
transit will be ultimately unc! This law may be readily extended 
to any number of reflections refractions. In a great many cases 
the time of passage is less along the actual than along the varied course, 
in which case the proposition becomes equivalent to Fermat's law of 
swiftest propagation. The time may, however, be a maximum in 
place of a minimum, or neither a maximum nora minimum. Thus, if 
a ray emanate from a point a, and after reflection at the point r reach 
the point B, the plane a Pp B will be perpendicular to the tangent plane at 
P, to which ap, BP, will be equally inclined; and if a,B, be made the 
foci of a prolate spheroid of revolution, the magnitude of which is 
increased until it passes through the point Pp, it will there touch the 
reflecting surface. If now this surface touch the spheroid externally 
at the point p, the sum AP + PB will bea minimum when the point 
of incidence is slightly varied along the reflecting surface; but if it 
touch the spheroid internally, the sum will be a maximum; and if it 
both touch and cut the spheroid, so as to be external to it in some 
directions from P and internal in others, the sum will be neither a 
maximum nor a minimum. 

When concentric waves fall on the surface of a concave mirror, the 

ints on the latter which are successively reached by the waves 

me the centres of spherical reflected waves, the directions of whose 
motions tend towards the axis of the mirror; and the surfaces which 
touch all the secondary waves of like phase become those of as many 
general reflected waves of spherical or approximately spherical forms, 
having their convexities towards the mirror. These general waves go on 
contracting till they pass successively through some point in the axis, the 
form of the mirror being such as to permit the directions of the motions 
of the reflected waves to concur ina point; from this point, which is the 
focus of the mirror, they afterwards diverge as from a radiant point. 
It is easy to conceive that the general front of a wave formed bya sur- 
face which touches the secondary waves of like phase refracted 
in a transparent medium (at a convex surface, for example) may be 
oe. and have its convexity towards the refracting surface. 
ese waves will go on contracting, and pass successively through 
some point in the axis, provided the form of the surface of the 
medium be such as to permit the directions to concur in one point. 
This point is the focus, and from it, as froma radiant point, the con- 
centric waves afterwards diverge. 

In order that the relation between the sines of incidence and refrac- 
tion may be conformable to the results of experiment, it is necessary 
to assume that the velocity of the waves is diminished when they enter 
a medium more dense than that in which they previously moved ; and 
in this circumstance the undulatory theory is opposed to the theory of 
emission ; for in the latter the velocity of light is supposed to be 
increased when it passes from any medium into one more dense. This 
led Arago to an apparently crucial experiment, to decide between the 
two theories. Ifa thin plate of mica be interposed in the path of one 
of two streams of light proceeding to interfere, the effect, according to 
the theory of emissions, will be to accelerate, according to that of 
undulations to retard, the stream passing through it. The direction 
in which the fringes are shifted, shows that the effect of the plate is 
the same as that of increasing the length of path of the stream passing 
through it, in accordance with the theory of undulations, and in direct 
contradiction, as it would appear, to the theory of emissions. However, 
as the decision is only arrived at by referring to another optical effect, 
depending for its explanation on the view we take of the nature of 
light, it is satisfactory to be able to refer to Foucault's celebrated 
experiment, mentioned at the commencement of this article, in which 
the same result is obtained by direct experiment. (See ‘ Annales de 
Chimie, tom. 41, 1854, p. 129.) 

From the demonstration of the law of refraction according to the 
undulatory theory, it follows that if « be the refractive index of a sub- 
stance, v:v'::u:1. Now, fora given substance « depends upon the 
kind of light, increasing, though by no great fraction of the whole, in 
a from the red to the violet. According to one of our funda- 
mental suppositions, colour depends on the periodic time of the vibra- 
tions, and therefore we are obliged to suppose that one at least of the 
two velocities of propagation v, v’, changes with the periodic time. 
This has to some appeared a formidable difficulty, inasmuch as theory 
and experiment combine in showing that musical notes of all degrees 
of pitch are propagated, in air with the same velocity, and calculation 
shows that this independence of velocity of propagation and periodic 
time must hold good in any homogeneous elastic medium in which 
undulations are propagated by virtue of the pressures or tensions called 
into play by the relative displacements within an indefinitely small 
element of the medium surrounding the point at which the pressure is 
estimated. To us the objection, even prior to the consideration of the 
mode in which the result may be accounted for, does not appear to be 
at all of this formidable character ; for all the phenomena which bear 
on the subject conspire, as we have seen, to show that the velocity of 
propagation vin vacuo is the same for all colours, and therefore it is 
to a variation in 7 that we are to look to account for the observed 
variation of 4. Now, according to our supposition, light is propagated 


within water, glass, &c., by the vibration of the ether within them. 
But the motion of one of two mutually interpenetrating media is so 
utterly different from anything we have to deal with in the theory of 
sound that we cannot reason from the one case to the other. 

But further, a plausible mode of accounting for dispersion on the 
undulatory oy been suggested, which not only removes the 
objection arising from the existence of a phenomenon which to some 
might appear inexplicable, but has led to the discovery of the approxi- 
mate law of dispersion. Fresnel, in his memoir on double refraction, 
refers to a note, to appear at the end of the memoir, in which he ex- 
plains dispersion by supposing that the forces by which the ethereal 
particles act on one another are sensible to a distance which is not infi- 
nitely small compared with the length of a wave, This appears to be 
by no means a violent supposition to make, when we consider the 
extreme smallness of A. e note appears to have been lost, at least 
it does not accompany the memoir, but the subject was taken up by 
Cauchy, who has thus been led to express the square of the refractive 
index by a series according to inverse even powers of A, the wave- 
length in vacuo. Restricting ourselves to the most important term, 
we thus get, by ordinary algebraic expansion, «= A + BA~*, a and B 
being constants depending on the nature of the medium, according to 
which expression 4 4 ought to vary as AA~*, And that this expression 
is no mere formula of interpolation, but contains a law of nature, any 
one may readily convince himself by taking Fraunhofer’s indices for 
some kind of glass, and the wave-lengths of the fixed lines v,D,#,F,G,H, 
as determined by him by a diamond-ruled grating, and subtracting the 
logarithms of AA-? from those of Ayu, 4 denoting the increments 
belonging to intervals such as c top, p to z, cto B, &c., and then 
comparing the results with those obtained from a formula of int -— 
tion taken at random, such as u'= a + BA-}, or p= A + BA~, similarly 
treated. The constancy of the differences of the logarithms in all the 
less refrangible part of the spectrum when the formula resulting from 
Paso dl theory is used, cannot leave a moment’s hesitation that the 
formula expresses a natural law. But if, accepting the formula asa 
true first approximation, we endeavour to ascend from it to the physical 
circumstances giving rise to it, we see that it merely indicates the 
existence, in the partial differential equation of motion, of a differential 
coefficient of the fourth order, without even completely specifying the 
variable or variables with respect to which the differentiation is taken, 
A result of such generality might well be obtained from a yariety of 
physical hypotheses, so that we must not lay undue stress on the 
experimental verification of Cauchy’s law in considering the evidence 
in favour of the physical theory from which he deduced it. Indeed, 
the fact, as it appears to be, of the absence of a chromatic variation of 
the velocity of propagation in vacuo, would seem to indicate that the 
molecules of ponderable matter play a very direct part in the phe- 
nomenon of dispersion. 

Hitherto we have confined ourselves to the laws of reflection and 
refraction, which were in fact demonstrated by Huygens long before 
the principle of interference was known. Our subject ly leads 
us, in the next place, to interference, to which a special article has 
already been devoted. gin prt In that article the subject 
has been generally explained, and two fundamental experiments, due 
to Fresnel, have fees mentioned, which show that interference is an 
essential property of light. We shall here, therefore, proceed to the 
formula which gives the intensjty of the light conchae from the 
mixture of two interfering streams, 

It will be necessary, in the first place, to express analytically the 
disturbance in a single stream of light. We suppose, for the 
sake of simplicity, that the waves are plane, and that the maximum 
accession of the particles of ether is the same at one point of space as 
another. This will be sufficient in any case, provided we confine our 
attention to a small portion only of the fronts of the waves, and to 
variations of distance in a direction perpendicular to the front, such 
that the change of intensity due to convergence or divergence need not 
be taken into account. Let the ether be referred to the 
axes of x, y, z, being measured in the direction of propagation; let ¢ 
be the time, and v the velocity of propagation. Since the waves are 
supposed plane, the disturbance will be independent of y and z, and 
therefore will depend only on x and ft. Moreover, according to the 
fundamental notion of an undulation, whatever disturbance exists at 
the time ¢ at the distance x from the origin will, after the of the 
time 5¢, be found at a plane further in adyance by 6a, 5n con- 
nected with 6¢ by the relation a= vt, Hence the disturbance 
remains the same, provided the difference between v/ and 2 remains 
unchanged, and therefore for one value of vt — x the disturbance will 
have one value, for another value another, and so on. In other words, 
the disturbance will be some function (vt — x) of vt — x, the direc- 
tion of the motion of the particles being left a perfectly open question. 
The character of the undulations will depend on the form of the func- 
tion y. Now we have seen reason to believe that in light we alwa: 
have to deal with a succession of a great number of similar peri 
disturbances, and, further, that the colour depends upon the Pen on 
time. But in all optical phenomena the effects of lights of di t 
colours are simply su , and therefore as regards the form of y 
we are justified in restricting ourselves to the consideration of a single 
regularly periodic function. Among such functions there is one which 
claims our special attention, namely, that which is expressed by a sine 
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or cosine, or a mixture of the two, that is, c sin mw + 0’ cos mw, 
(w being written for 7t — x), which again may be put under the form 
asin (mw +a). For in the first place, any dynamical system in a 
position of stable equilibrium, and therefore capable, on being dis- 
turbed, of performing small vibrations, has for its most general small 
motion a motion compounded of a finite or infinite number of motions, 
expressed, so far as the time is concerned, by a sine or cosine. If, 
therefore, we oa oy the vibration of the molecules of the self- 
luminous body in the first instance to have been of this character, the 
same would have been impressed on the ether to which these vibra- 
tions were communicated. In the second place, by a known theorem 


posing it merely to be periodic, into such a series of circular functions, 
and consider separately the disturbance due to each. Whether this be 
a judicious as well as a legitimate course to pursue, depends partly on 


of the function ex} 
periods are not, under 


dispersion. That disturbances 
expressed by a sine or cosine, rather than by some other periodic func- 
tion, should be those which are propagated within a ing medium 
with a unique velocity, and should not consequently be separated by 
prismatic refraction, follows from the eral laws regulating the 
small motions of a system slightly dist: from a position of stable 

i We are led, , by the ena with which 
the function y by means of a simple sine 
of a wave, mz must change by 2 * when 


x A, so that m= 2xA-—!, Hence we may take as the 
Gilt exposion for tha Getrtbanse— 
Qn 
asin { = (et 2) +a} 
peace by tome the same part of space is simulta- 


neously agitated a second series of undulations, which came 
orginally from the same source. Suppose the directions of propaga- 
tion to 80 the same that in consi , a8 above, a small 


its as parallel in the two series; and sup the directions of 
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compounding the disturbances belonging to the two series, we 
shall have for the result 
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2 
(acon 4 + b cos 3) sin =" (ot — 2) + (asin a +0 sin 3) cos = (et -- &), 
which may be transformed into 
¢ sin { 2) +0} 
cand o being given by the equations 


(1.) @=a?+0?+2ab cos (a—); (2.) tan o= “— Atbsin B 


a@cosA+b cosB 


from them only in the gs are of the coefficient of vibration, c, an 
vi 


It is with ¢ that we are chiefly concerned ; the value of o does not 
enter into account unless when we have a third stream interfering with 
the two former. Now we see from the formula (1), that according to 
the value of A—B, ¢ varies between two extreme limits, which are the 
sum and the difference of a and b., These are, the one greater, the 
other less, than the greater of the two a, b. Hence we see that 
peak effect lent than alok the poweee reco clone sooneiiietae 

an stream alone, according to 
their difference of phase, 


The question now arises, what precise function of the coefficient of 
vibration ought we to take as a measure of the intensity? Various 
considerations tend independently of each other to the same conclusion, 
—that we must take the square of the coefficient of vibration as a 
measure of the intensity. It will be sufficient here to mention one 
or two. 

Suppose that we have two streams of light just as before, only that 
in this case they come from independent sources. The theoretical 
difference between the present case and the former consists in this, 
that in the former, whatever may affect the constant a equally affects 
B, and therefore leaves the difference a—B unchanged ; and whatever 
affects « affects b in the same proportion, which is not the case when 
the streams are independent. In the case of streams from the same 
source, we may, for example, suppose that the actual disturbance 
consists of a series of regular periodic disturbances followed by a dis- 
tinct series, and that by another, and so on, there being a great number 
of such cl in one second. The mode of interference will not 
thus be affected. But in the case of independent streams, a—B, though 
constant, it may be, during a great number of successive undulations, 
will go thro all sorts of values a great number of times in one 
second, and mean value of the term + 2ab cos. (A—B) in the 
expression for c? will be zero. If now we take the square of the 
coefficient of vibration for the measure of the intensity, we shall have 
for the intensity of the mixture of independent streams the mean 
value of a? +?+ 2ab cos (a—B), or a? +b"; or the intensity will be the 
sum of the intensities of the separate streams, as it ought to be; 
whereas if we were to take some different function as a measure of the 
intensity that would not be the case. Again, all mathematical investi- 
gations relative to the propagation of small vibrations in a medium 
disturbed at one place show that at a great distance from the centre of 
disturbance the coefficient of vibration varies inversely as the distance. 
But experiment shows that the intensity of light varies inversely as 
the square of the distance, and we are thus led in a perfectly inde- 
pendent manner to the same conclusion. 

If the interfering streams are of equal brightness, b=a, and the 
limits of the coefficient of vibration c of the resultant stream are 0 
and 2a,and those of the brightness o and 4a?, that is absolute dark- 
ness, and four times the brightness of either stream alone. 

We shall apply these formule to express the intensity at any point 
of the field of view in the case of the mixture of two streams of light 
coming beicigpren 5 from a luminous point, and afterwards reflected from 
two slightly inclined mirrors. [InTERFERENCE.] Supposing, for sim- 
plicity, the light to be reflected in a plane perpendicular to the line of 
intersection of the planes’ of the mirrors, let a be the distance of the 
luminous point, and therefore that of either virtual image, from that 
line, the distance from the same line to the focus of the lens with 
which the fringes are viewed, d the distance of the two images. Since 
the length of path of either stream is the same as if it had started from 
the virtual instead of the actual image, if we denote these images by 1, 
1’, and the point of the focal plane at which the brightness is sought by 


M, and if we tuke ¢ sin 2% (vt—2) to denote the disturbance coming 
from 1, that coming from 1 must be denoted by esin 27 { yt—2— 


(¢u—rm)}. Let o be the middle point of the line rr’, It will be 


readily seen that the plane drawn through o and through the line of 
intersection of the planes of the mirrors will be perpendicular to r1', 
Let p,q be the co-ordinates of M, measured in the focal plane of the 
eye-lens, the first perpendicular, the second parallel, to the plane 
ough o just mentioned, the origin being at the intersection of that 
plane with a plane through 101 perpendicular to the mirrors. We 
shall suppose, in conformity with the experimental circumstances of 
the case, that d, p, g are small compared with a and b. Let 
a’ = /(a?—}d*) be the distance of o from the intersection of the 
mirrors, Then i M?=(a’ +b)? + (p—hd?+@, VP=(a’ + bP + (p+ hdl + 
¢@, and Vf M—1M = (" M?—1M?)+(! M+1M)=2pd + (a+1m) = PE 
nearly, We have therefore for the intensity (L) of the mixture— 


2epd apd 
L=2c?+2c? cos x@ +b) = 40? cos? xa tb)" 


~ Since i does not involve q, the illumination will be arranged in bars 
parallel to the axis of g, and it will be sufficient to discuss its variation 
along the axis of p. Ata series of equidistant points, for which p=o 


or a multiple of Mer, L is a maximum, and equal to 4c, At points 


midway between these, where therefore p is an odd multiple of half 
that quantity, L vanishes altogether. Hence we have a series of 
alternately erg a and dark bars, extending on each side of the central 
plane, or that bisecting 11’ at right angles, which is in the middle of a 
bright bar, The ie of the system is found to depend upon the 
colour, decreasing from the red to the violet, from whence we infer 
that the wave length also decreases from the red to the violet. The 
obliteration of the bars at a moderate distance from the centre when 
white light is used has already been explained, [InTERFERENCE.] 
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From the expression for L we see that the mean illumination, or the 
* value of (p’ +p")—! if Ldp for a large value of p' +p”, is 2¢, which 


would be the uniform illumination, if the streams mixed without 
interfering. This isa particular example of a general principle from 
which inferences have already been drawn [Ansoxprion], that when 
two or more distinct streams of light interfere, no light is destroyed b; 
interference, which merely causes a different distribution of the 

illumination, 
If 8 be the breadth of a fringe, which may be measured by a micro- 
Ao +>) whence a= aS. The distances a, b, to the 

a 


former of which a’ may be deemed equal, are not small, and can be 
measured without difficulty. The distance @ was measured by Fresnel 
by placing a screen with a small round hole at a known distance from 
the mirrors, so that a slender beam of light from each of the images 
1,1’ passed through the hole, and measuring by a micrometer the 
distance between the centres of the beams at a known distance on the 
other side of the hole whence d is obtained from the measured 
distance by similar triangles. This is one method of measuring the 
lh of a wave of light. 

© excessive smallness of A, indicated by this or any similar pheno- 
menon of interference, leads to a complete explanation of one of the 
oldest difficulties belonging to the undulatory theory, the existence of 
rays and shadows. Conceive a broad beam of light to fall perpen- 
dicularly on a screen containing a moderately small aperture, and let 
us examine the disturbance produced at a point M, situated at a con- 
siderable distance on the other side of the screen. For greater 
simplicity we shall suppose the incident beam to come from @ very 
distant point, so that the incident waves may be regarded as plane. 
By Huygens's principle each element of the front of a wave, as it 
arrives at the plane of the aperture, may be considered as the centre of 
an elementary disturbance which diverges into the space behind the 
screen, and in due time reaches m. But the disturbance at m will be 
by no means proportional to the size of the apérture, since the various 
secondary waves which at a given instant reach m, and which arise 
froma incident waves which reach in suecession the plane of the aperture, 
are in a condition to interfere, First, suppose m situated at some 
distance outside the geometrical projection of the re. Make x 
the centre of a number of spheres with radii inereasing by $A, and of 
which as many are drawn as cut the aperture. These spheres will cut 
the aperture into numerous narrow slips, of the form of portions of 
circular annuli, having for their common centre the projection n of 
the point on the plane of the aperture. It will be reudhe seen that 
the aggregate effect of the secondary waves starting from the various 
elements of one slip will be as nearly as possible neutralised by that of 
the waves coming from the next slip. For the squares of the radii of 
the annuli increase in arithmetical progression, and therefore the areas 
of consecutive slips are equal, except as to the trifling difference due to 


meter, 8 = 


Y | applied. As, however, the whole subject has been referred to 


tle | 


it, the determination of the disturbance at mw becomes a more 
problem, and belongs to diffraction. The explanation of the 
ence of rays and shadows when the light is divergent, or the 
cepting screen is not perpendicular to its course, is nearly the 
as before, 

We come now to the colours of thin one of the 
nomena to the explanation of which the principle of interference 


Fe 
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present article, we shall commence with a description of 
menon itself, and of its laws, as discovered by Newton. 
of thin transparent lamina had previously been studied to a certain 
extent, by Boyle and by Hooke, and the latter of ee 
produced ye og in the instructi 7 shane in = ee 
have since been ied, namely, by ing two object-glasses in 
contact, It was in this form chiefly that they were studied by Newton, 
and from him the coloured rings pasehry Beene glasses have been 
called Newton's rings, 

In order to observe these rings conveniently, Newton placed two 
convex lenses of long foei (14 and 50 feet) in contact with each other 
at their vertices, keeping them together by 
intervals on their circumferences, so that there was between them a 
very thin plate of air, concave on its upper and lower sides. —— 

the 


i 


ing the pair of lenses to an open window, and receiving the 
light from the sky by reflection from them, there were 

plates being gently pressed er, seven series of coloured 
bands about a black spot in centre; beyond the seventh the 
colours could scarcely be distinguished. The diameters of the bands 
being measured, where the colour im each was the brightest, 

found that those diameters were proportional to the square roots 
the series of odd numbers 1, 3, 5, 7, &c.; at the places where the 
colours were the least bright, the diameters were found to be propor- 
tional to the square roots of the series of even numbers } 
The radii of curvature of the lenses being known, Newton com- 
puted the thicknesses of the plate of air 
which the colours of the bands had the greatest and 
brightness ; and he found (‘ Optices,’ lib. ii.) that, atthe most) 
part of the ring nearest to the centre, the thickness 
yresoo Inch ; the thickness at the most obscure eran di 
equal to yrdy, inch. Hence, from the law ve the 
thicknesses of the air at.the most and least luminous parts of the suc- 
ceeding rings may be obtained; those thicknesses being considered as 
proportional to the squares of the semidiameters of the rings, 

If lenses whose surfaces have different curvatures are employed, it is 
always found that like tints are produced in the circumferences of 
circles at places where the intervals between the surfaces are equal,. 
the eye being similarly situated, or a line supposed to be drawn to it 
from the centre making equal angles with a plane passing thro 
the rings; and this circumstance serves to show that the tints 
wholly on the distances between the lenses, i te agin SEs ae 
eg drawn to the eye be diminished, the diameters. o' i 
iner 


| 


rings will 


the change in the angle subtended at x, Neglecting for the t 
this small change, we readily see that to each element of the first slip 
corresponds an equal element of the second, at a distance from M 
different from that of the former element by ja, and therefore the 
secondary waves belonging to these two elements will, as nearly as 
possible, neutralise each other's effect. Hence the joint effect of two 
consecutive slips as compared with that of either of them is a small 
quantity of the order A, that is the ratio of A to the other quantities 
involved, such as the difference of distance from m of opposite sides of 
the aperture. But as the number of slips is a large quantity of the 
order A~', it might be supposed that the total effect was comparable 
with that of one slip. This however is not thecase. For the effect. of 
any slip taken along with half the effects of the two adjacent slips isa 
small quantity of the order A*, and the sum of all such, when we group 
the slips so as to take every alternate slip along with half the effect of 
its two neighbours, is only a small quantity of the order A, unless it 
be in consequence of the want of compensation at the beginning and 
end of the series. But at the two ends, that is at the parts of the 
aperture nearest to and farthest from the point n, the length of the 
slips dwindles down to zero. The peculiar case in which a part of the 
boundary of the aperture is exactly circular, having its centre in y, 
which attaches itself to the theory of the bright point in the centre of 
the shadow of a circular disc, is supposed to be excluded from con- 
sideration. We infer therefore that the disturbance at a point M, 
situated as above deacribed, is insensible. 

Next suppose m to lie at some distance inside the geomeirical pro- 
jection of the boundary of the aperture, Imagine a series of spheres 
drawn as before around m, beginning with that which touches the 
plane of the aperture in the point x, The aperture will now be cut 
up as before, only that now for some distance round wn the annuli will 
be complete, after which they will become incomplete, and will finally 
dwindle away to nothing. The neutralisation will in this case take 
place just as before, except as regards half the effect of the first 
annulas, or central circle of the system, and the disturBance will 
therefore be sensibly the eame as if the ecreen were removed. 

If the point m be situated near the geometrical projection of the 
boundary of the aperture, whether inside or outside, or if the aper- 
ture be so small that a few only of the spheres above mentioned cut 


d, the tints remaining the same. Newton found 
moderate obliquities the same ring was formed where the distance 
between the lenses, or the thickness of the interposed plate of air, 
varied as the secant of the angle of incidence on the first surface of 
the lens, which in estimating this angle may be deemed a re bounded 
by parallel surfaces. To include great obliquities he given an 
empirical rule not sensibly differing from the simple rule of the secant 
except at great obliquities; It has since, however, been found by 
careful measures of the diameters of the rings at great obliquities, that 
the thickness where a given ring is formed is regulated by the simple 
law of the secant, and not by the more complicated formula given by 
Newton. 

When the rings are formed by homogeneous light they are found to 
be more numerousthan wher the light is mixed, indeed ‘dayne almost 
countless when the homogeneity is sufficiently perfect ; they are also 
of the same colour as the light, and are separated from one another by 
narrow spaces which are quite black. The diameters of the rings in 
the corresponding bands, at the places where the colours are the 
brightest, are different when the bands are formed by homogeneous 
lights of different colours, being least when the light is violet, and 
greatest when red; and Newton computed, from the measured 
diameters of the rings of different colours, the intervals between 
the lenses at the places where the brightest parts of the first rings 
from the centre are formed: these distances are found to be equal _ 
to syh:5 inch for extreme red rays, and inch for extreme violet 
rays, which it may be observed are half the of an undulation 
for those kinds of light. 

The order and the dimensions of the coloured rings are the same, 
whether air occupy the space between the lenses or whether the latter 
be in the exhausted receiver of an air-pump: but when a transparent 
medium, as water, of greater refractive power than air, is in’ 
between them, the tints are fainter and the diameters of the rings are 
less ; or smaller distances between the lenses are requisite in to 
produce the same tints; it is ascertained that, with different media, 
these distances, in the case of a perpendicular incident ray, are inversely 
proportional to the refractive indices, 

Corresponding rings of colour were observed by Newton in thin 
plates surrounded by media less dense than the plates; thus a bubble 
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of soap-water exhibits, 
colour brrsig Soirey to those between glass lenses; and, before 
the bubble a dark i 


bul 
Ni also examined and described the phenomena of the coloured 
rings or bands between lenses when the light is transmitted through 
the latter. These rings are less!bright than those which are formed by 
reflection; but when the obliquity of the transmitted rays to the 


the Band. Tints. Tints, Air, Water. Glass. 
I, Very black +e 3 a HW 
Black White 1 3 3 
Nearly black ar 2 1} 1} 
Blue -Yellowish red 2 1t 14 
White Black 5} 33 32 
Yellow Violet % 5k 43 
Orange “ 8 6 5h 
Rea Blue - 9 62 bt 
II. Violet White 11} 8} Th 
Indigo on 128 98 83; 
Blue Yellow 14 10} 9 
Green Red by Ni 9§ 
Yellow Violet 16% 12} 103 
Orange oe 173 13 ll} 
Bright red Blue 1y> lsk ag 
Scarlet 19g 4s 


This table, extended so as to include the seventh band of reflected 
tints, constitutes that which is called Newton’s Scale of Colours. 

It was to explain the phenomena of these coloured rings that Newton 
proposed the hypothesis of ‘ Fits of easy Reflection and Transmission,’ 
which in many respects explains the laws of the phenomenon. But 
besides gi no indication beforehand of what ought to be the 
variation of diameter of a ring with the refractive index of the 
interposed medium, or with the obliquity of incidence, it tends to at 
least one result at variance with observation. gee dee the h 
thesis of fits, the central black spot, as well as the dark parts of the 


igs seen with homogeneous light, it to be of half the brightness 
dy dada parts; according to theory of undulations, they 
ought to be ectly black, Observation shows, that at least the 
central (which is most easily observed, and does not require homo- 
i of the 
two plates or 

tan : 
spherical lenses, which we may su; lano-convex (though all that 
is essential is, that the more curv Tatiataee 
convex), in contact with each other at 2; and let a B be the direction of 


a pencil, or of a wave of light incident upon the first or upper plate : 
this will be refracted in some direction as B 0, and at the point oc part 
of the il will emerge and fall on the other plate in some point x, 
where it will be partly transmitted through that in the direction 
ER, and reflected in the direction £ F. ther part of the 
refracted BO will be reflected at cin the direction oD, some of it 
ree ro being selieated back into the plate. The 
Seater ee Oey 2 pert, tranecniited Saeed the upper 

plate in some direction as PG, and, in part, reflected in the direction 
FH; at the point H a portion will be transmitted in the direction ns, 
while another is reflected in the direction HK, and soon. The two 
i reflected pencils are those of which the courses are AB 6D and 
ABCEFG; and these being each once reflected will be of nearly equal 
ity. The other in the general reflected beam, having been 
8, 5, 7, &e. will be comparatively weak, except at very 


great incidences. The two principal transmitted pencils, Bc ER and 
ABCEFHS will be of very unequal intensity, the latter having been 
twice reflected, and the former not reflected at all. These will be 
accompanied by pencils reflected 4, 6, 8, &c. times, which will be com- 
paratively insignificant. 

Supposing, therefore, for the sake of simplicity, that the light is 
incident perpendicularly, restricting ourselves to the two most im- 
portant pencils, and considering first the reflected light, we see that 
the light reflected from the under surface of the thin plate of air has 
had to travel a distance 2p in air more than the other stream, p being 
the distance between the lenses at the point under consideration, or 
the thickness of the plate of air. We might, therefore, perhaps, 
expect that the vibrations in the two streams would be in perfect 
accordance when D was equal to zero, or a multiple of 4A, and in 
opposition when D was an odd multiple of A. This would give cor- 
rectly the law of the variation of the radii of the rings, since p varies 
as the square of the radius drawn from the point of contact of the 
lenses, with the single but important exception, that the places of the 
bright and dark rings are interchanged. But we must remark, that the 
two reflections take place under opposite circumstances, one at the 
surface of a rarer, the other at the surface of a denser medium. Various 
dynamical analogies, such as the reflection of sound from the end of a 
tube, according as it is closed or open, the reflection of sound at 
the common surface of two exer which are supposed not to mix, 
would make it more probable the contrary supposition that in one 
of these two reflections there should be a change of sign, in the other 
not. A change of sign is equivalent to a change in the length of the 
path of one of the streams amounting to half an undulation. This 
change being admitted, theory assigns correctly the law of the variation 
of the radii of the bright and dark rings. And not only the law of 
variation, but the absolute magnitude of the rings may be assigned 
4 priori, since the length of a wave of light is known by other observa- 
tions ; and the magnitude so assigned is in conformity with experiment, 
The explanation of the variation of the scale of the rings with the 
colour, and of the obliteration of the rings beyond the seventh or 
thereabouts by overlapping, when the incident light is white, is the same 
as in other cases of interference. Moreover, if a liquid such as water 
be interposed between the lenses in place of air, since light travels 
more slowly in water than in air, in the proportion of 1 to yu, the same 
kind of ring which with air is found at a spot where the distance 
between the lenses is p, is found with water where it is only pu—, 
which explains the law of variation of the radii of the rings with the 
refractive index of the interposed medium, 

The explanation of the transmitted rings is perfectly similar, the 
chief differences being, first, that as the interfering streams have been 
refracted alike, and one of them in addition twice reflected, there is 
no change of sign, or the interference is determined simply by the 
difference of path, without the addition of the half undulation ; and 
secondly, that the interfering streams are very unequal in intensity, 
and therefore with homogeneous light the minima are very far from 
being absolutely black, Thus when light is incident perpendicularly, 
whether externally or internally, at the common surface of crown 
glass and air, only about the 4th part of the incident light is reflected, 
the remaining };ths being transmitted. Hence by two such reflections 
the intensity is redu in the oy Gp of 625 to 1; and if we 
represent by unity the intensity of the light transmitted across the 
thin plate without reflection, the intensity of the twice reflected light 
must be represented by jy. The question may naturally be asked, 
How ean such feeble — y interfering with the former give rise to’ 
any sensible rings ? e explanation of this paradox is derived from 
the consideration that in interference we must compound not inten- 
sities but vibrations, and thence deduce the intensity by taking the 
square of the coefficient of vibration. Thus, taking the above numbers 
as correct, we learn that the coeflicient of vibration will be reduced 
by one reflection in the proportion of 5 to 1 only, and by two in the 
proportion of 25 to 1. Hence if we take the coefficient of vibration 
in the simply transmitted stream as unity, that in the twice reflected 
stream will be 4, and therefore that in the resultant stream will vary 
between the limits 1-+ 4, and the intensity will vary between the 
limits (1 + 4)*, or 1 + #, nearly; so that the difference between the 
limits is as much as ths, or nearly jth of the mean intensity, 

Next, suppose the light incident obliquely. If 8 be the angle of 
incidence on the first surface of the upper lens, or which is the same 
(the lens for this being treated as a plate bounded by parallel 
surfaces), the por of refraction into the thin plate of air, it may be 
shown, as in Airy’s ‘Tracts’ (‘ Undulatory Theory,’ art. 64), or still 
more simply referring everything to sections of the fronts of the 
waves Ke the p! of incidence instead of to rays, that the retardation 
due to the double transit across the plate is 2p cos 8, in place of 2p, 
as at a dicular incidence, This explains the law of the variation 
of the rings with the obliquity. 

From the explanation hitherto given it might seem that in the case 
of the reflected rings the minima, though nearly, ought not to be 

ectly black. For the stream reflected at the second surface of the 

i oe has to undergo two more refractions than that reflected at 
the first surface, and at each refraction a small portion of the incident 
light would be lost to it by reflection. Fresnel first showed (‘ Annales 
de Chimie,’ tom. 28, p. 129), by taking account of the infinite number 
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of reflections, as Poisson had previ: done in the case of a perpen- 
dicular incidence, that the minima in the reflected rings ought at any 
incidence to be perfectly black, and that, without assuming anything 
relative to the law of intensity in reflection beyond a law discov: 
experimentally by Arago, that at any ae, light is reflected in 
the same proportion at the first and second surfaces of a 
. For a very simple demonstration at the same time of Arago’s 

w, and of the loss 7 a half a penptyadae the a wegred 
that the forces acting depend on the tions of the particles, the 
reader is referred to a paper in the ‘ Cambridge and Dublin Mathe- 
matical Journal’ (vol. iv. p. 1). A complete investigation of the 
intensities of the reflected and transmitted rings, in which account is 
taken of the infinite number of reflections, will be found in Airy’s 
‘Tract, arts. 64-67. The result is— 


4a'e sin? v 


’ 
(1-@)9+4¢ sin? = y 


a (1—e*? 
For the transmitted system —————" 
(1—é)? + 4e* sin? 5 v 


For the reflected system 


, 


where a denotes the coefficient of vibration for the incident light, 
v the retardation, 2 pcos 8, and 1: ¢ the ratio in which the coefficient 
of vibration is altered by one reflection. The sum of the two expres- 
sions is always equal to a®, which shows that the reflected and refracted 
systems are complementary to each other, conformably to observation. 

Sir Isaac Newton also discovered that when the sun’s light is 

reflected into a darkened room, and allowed to fall on a screen with a 
moderately small hole, and the beam so passing is received ndicu- 
larly on a concave mirror, made of glass quicksilvered at the back, 
which is placed at such a distance from the screen that the hole coin- 
cides with the centre of curvature of its surfaces, so that the r ly 
reflected light goes back through the same small hole by which it 
entered, a system of coloured rings is seen depicted on the screen, on 
the face towards the mirror, surrounding the hole. The order of 
colours, and the law of the diameters of the rings, agree with the 
transmitted system of the rings formed between two object-glasses, 
A metallic speculum exhibits no such rings. If the amalgam be 
removed from a mirror of quicksilvered glass, the rings are seen as 
before, but much fainter. With different mirrors the diameter of a 
given ring varies directly as the radius of curvature of the surfaces, 
and inversely as the square root of the thickness of the glass. 

Although Newton expressly refers to the defect of polish of the first 
surface in relation to thaws rings, he does not seem to have purposely 
tarnished his mirrors. In repeating Newton’s experiments, the Duke 

de Chaulnes observed that the brilliancy of the rings was very great] 
increased by tarnishing the surface, for which milk much diluted wii 
water is very convenient, It is advantageous to form a diverging beam 
by transmitting a beam of sunlight through a pretty large lens, at the 
focus of which is to be p the hole of the screen. In this 
way of operating the a mga is one of remarkable beauty. On 
slightly inclining the , the phenomenon changes in a very 
remarkable way, a set of coloured rings continually opening out from a 
point midway Petweon the luminous point, or image of the sun in the 
focus of the lens, and its image formed by regular reflection. The 
experiment may be varied in a very beautiful way by dispensing with 
sereen and sunlight, and simply clang a small taper-flame in front of 
the tarnished mirror, in such a position as to coincide with its inverted 
image. On viewing the coincident flame and image, they are seen 
surrounded by a splendid series of coloured rings, which appear to 
have a determinate position in the air like an actual object. 

These phenomena are known as the colours of thick plates. They 
have been shown to arise from the interference of two streams of 
light, whereof one is scattered on entering the glass, and then regu- 
larly reflected at the back and refracted out; and the other enters the 
glass by regular refraction, and after lar reflection at the back is 
scattered in ing. Ata point coinciding with the luminous point 
and its image, the two scattered streams follow the course of the 
regular light, and therefore their difference of path is nothing, and the 
difference of path of the two scattered streams, which reach a point at 
no t distance from the former, will accordingly be sufficiently 
Geil $0 allow the streams to manifest the ordinary phenomena of 
interference. The theory of the for the most important case, 
that in which the luminous point is in the centre of curvature of the 
mirror, is given in Sir John Herschel’s ‘Treatise on Light,’ arta. 
679, &e, 

OTe init aml 0. Qrusteles observed a ayitems of coloured bende 
which are seen when the flame of a candle held near the eye is viewed 
by reflection in a common looking-glass, several feet off, with a tar- 
nished surface. To see them distinctly, the image of the flame must 
be seen distinctly, so that an eye-glass must be used if required. They 
change with every change of position of the candle or of the eye, and 
with both eyes a double system is seen, one with each eye. Their 
explanation depends on the same principles as that of the rings formed 
by concave mirrors of quicksilvered glass, and the theory of both kinds 


will be found treated with great detail in a paper published in the 
* Cambridge Phil Transections;’ vol. ix. part 4 p, 147. ; 
subject of has been already briefly considered in 


lanation as 

to attract little notice, but which presents a serious difficulty on the 
th of undulations. To account for it, it has eegereee re by 
Dr. Young and others, that the earth in its motion sun 
through the ether without disturbing it, allowing it to pass 


its own particles like the wind a grove of trees, 
Startling as this hypothesis is, we ought not to reject it on the strength 
merely of previous notions respecting such a ly subtle 
edium as the luminiferous ether, if we were led to it. But 


y' lynamics, (See ‘ Philosophical Magazine,’ vol. 
(1845), p. 9, and several rea articles, 

In the explanation of the phenomena which we have hitherto con- 
sidered, nothing depends upon the direction of vibration of the particles 
of ether which transmit the waves, but the phenomena of tion 
lead us to suppose that the vibrations are transverse to the di of 
propagation. [PoLartsaTion or Lieut.) This supposition 
admitted, the curious and complicated 
polarised light are explained with beautiful simplicity. 
this article to consider how far the same 
vibrations helps us towards an explanation of double refraction. 

We shall commence by briefly adverting to the facts of double 
refraction, and to its laws so : Rage were ascertained before 
Fresnel’s researches on the subject. It was in Iceland spar that the 
phenomenon was first discovered, and this crystal, from the Regs tery 
of its double refraction was well suited fora study of subject, 
especially at a time when the instrumental means of examination were 
far inferior to what we at present Of the two rays into 
which Iceland spar divides in general a single ray incident upon it, the 
more refracted was found to obey the ordinary law of refraction, but 
the less refracted was found to obey a more complicated law, not even 
lying in the plane of incidence, except in i cases. On 
measuring the refractive index of the spar with respect to the latter or 
extraordinary ray by methods applicable to ordinary media, different 
values were obtained, varying from a maximum equal to the refractive 
index for the ordinary ray, and obtained when the course of the ray 
within the crystal was parallel to the axis, toa minimum, which was 
obtained in any direction icular to the axis, around which 
evi ing relating to the optical properties was ical, Since 
there are here two rays, we must, if we adopt the undulatory theory 
at all, assume that a disturbance excited at any point of the 
would give rise not to one wave, but to two waves, diverging 
that point, or what comes to the same, to a wave Bh, fhe cca bya 
surface of two sheets. As the more refracted ray in I 1 spar obeys 
the ordinary law of refraction, the inner sheet of this surface must 
supposed to be a sphere, The facts which have been mentioned 
respecting the refraction of the extraordinary ray, show that the outer 
sheet must be a surface of revolution around the axis of the crystal, 
along which it touches the inner sheet, and must be most protuberant 
at the equator. Ap tly as being iiext in simplicity to a sphere, 
Huygens assumed Sita’ suatios or sheet to be an oblate spheroid of 
revolution, and found the caleulations thence resulting as to the 
course of the extraordinary ray confirmed by the result of his 
ex) ents. 

e demonstration of the laws of reflection and refraction in the case 


of ordinary media, require but a slight modification to them to — 


the case of a crystal for which we are supposed to know the form of 
the wave surface, In fact, if we Suppose, for simplicity, the incident 
waves and the surface of the crystal to be both plane, we have only to 
replace the hemispheres within the media by the ing wave 
surfaces, which will form a system of similar and ly situated 
curved surfaces with two plane envelopes, one for each sheet. Hence 
results the following construction, Draw a line to the 
incident waves in air, and therefore representing the course of an inci- 
dent ray. With the point of incidence for centre, describe a sphere 

ting the velocity of propagation in air, and likewise within the 
re ing medium draw the wave surface on a corresponding scale, so 
that its radius in any direction represents the velocity of a ray propa- 
gated in that direction. Produce the incident ray to meet the gree 
within the refracting medium which is a continuation of the - 
sphere described in air, and at the point of meeting draw a tangent 
plane to the sphere, or, in other words, a plane perpendicular to the 
ray. Through the line of intersection of this tangent plane with the 
plane of the surface, draw tangent planes to the two sheets respectively 
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of the wave surface, and join the point of incidence with the points of 
contact. The two tangent planes will give the directions of the fronts 
of the two refracted waves, while the two -joining-lines will give in 
direction the courses, and in magnitude the velocities, of propagation, 
of the two refracted rays; and if from the point of incidence we let 
fall iculars on two tangent planes, they will represent in 
magnitude and direction the velocities of propagation of the refracted 
waves, estimated in directions perpendicular to their planes. If the 
incident waves and the surface of the medium be curved, the same 


apparatus, a most splendid series of coloured rings make their hee 
dark, the 


the order of the tints, beginning from the centre, with that of 
the reflected gy ewton’s rings. If the analyser be turned 
90°, the 


cross is replaced by white one in the same 
position, and the tints now agree with transmitted system of 
Newton's rings, but are much more vivid. In intermediate positions 
, the rings are less vivid, and are interrupted by a 
double cross containing white light of mean intensity, or, in other 
words, by eight radii, of which every alternate pair are at right angles, 
The arms of the crosses are parallel and dicular to the planes of 

larisation of the polariser and the analyser. Similar rings are seen 

the case of other doubly refracting crystals of the class now known 
as uniaxal ; but sometimes, in consequence of a great chromatic variation 


2 

are seen in polarised light. Such crystals are 
called biazal, and the two directions in question are called the optic 
axes. ee are awe ee. sugar, &c., the optic axes are 
widely separated ; an is case, if a cut perpendicularly to 
either axis be introduced into the ccariniety dark field of a polarisin 
apparatus, a series of nearly circular coloured rings is seen interrup 
by @ single dark brush, in place of the pair of brushes forming a cross 
which are seen in uniaxal crystals. Tiga aii’ be turned rosndxs 
axis coinciding with the optic axis, the black brush turns round in a 
contrary direction at an equal rate relatively to space, or a double rate 
relatively to the crystal, whereas in a uniaxal crystal similarly treated 

lack cross remains stationary. The rings are ordinarily nearly 


Sareea whereas in a uniaxal bo x they obey the law of increase 
Newton's rings, the squares’of their radii increasing in arithmetical 
progression. In other crystals, like nitre, the optic axes are near each 
other, and may be seen together, especially if the plate be cut ina 
direction perpendicular to their middle line. In this case, on intro- 

the crystal into the dark field a set of coloured curves are seen 
resem lemniscates, having the optic axes for poles; and each 
optic axis is traversed by a dark hyperbolic brush; and at certain 
azimuths of the crystal, 90° apart, the two brushes unite and form a 
cross, one arm of which passes through the optic axes. 

Sir David Brewster also discovered the relation between the B Se 
characters of crystals and their crystallographic forms. It was found 
that the system of rectangular axes formed by lines bisecting the acute 
and obtuse angle between the optic axes, and a line perpendicular to 
their plane, were i connected with the crystalline form, so 
that whenever there exi a plane of crystalline symmetry, two of 

these axes lay in if. It is found that crystals of the cubic system 
er ingy refracting, those of the rhombohedral and pyramidal systems 
, and those of the prismatic, oblique, and anorthic systems 

ARTS AND SCL DIV, VOL, VIL 


biaxal. No account is here taken of properties like those of syrup of 
sugar, nor of what Biot has termed lamellar polarisation. 

The explanation of these beautiful coloured rings and curves follows 
at once from combining the observed laws of double refraction, 
ineluding therein the polarisation of the refracted rays, with the laws 
of the interference of polarised light. The latter, as we have seen, 
admit of a perfectly simple explanation on the hypothesis of transverse 
vibrations ; it remains to be seen what account that hypothesis can give 
of the former. 

For some time after the discovery of biaxal crystals, it was supposed 
that one of the refracted rays followed the law of ordinary refraction, 
while the other followed some unknown law more complicated than 
the Huygenian. It was theory which first pointed out to Fresnel, that 
neither ray followed the ordinary law, an anticipation which he found 
to be confirmed by experiment. 

Our limits would not permit us to enter into the theory of double, 
refraction as given by Fresnel; we shall content ourselves with a brief 
notice of the principles of the investigation, and a statement of the 
results to which it conducted him. 

In any theory of double refraction, there are two kinds of laws 
which have to be accounted for; those which regulate the velocity of 
propagation, and those which regulate the state of polarisation. For 
the two are evidently so bound up together, that any true theory 
ought to explain both at the same time. 

With regard to the former, if we only knew the form of the wave- 
surface, all the rest would follow from Huygens’s construction. To 
determine, however, the propagation of a disturbance spreading out 
on all sides, is a problem presenting many difficulties, some of which 
may be evaded by the following consideration. Imagine an infinite 
number of plane waves, the effect of which, severally, is infinitely small, 
to pass initially through the point from which the disturbance is 
supposed to emanate. _ These will serve to represent initially the 
disturbance in the neighbourhood of that point, and their effect will 
elsewhere be insensible. As the time progresses, they will travel 
along with the velocities belonging to plane waves in their respective 
directions, and their effect will be insensible except along the surface 
of their ultimate intersections, which, therefore, will be the wave- 
surface required. Hence, everything is reduced to the determination 
of the mode of propagation of a plane wave in an arbitrary direction. 

This problem Fresnel endeavoured to solve by regarding the ether 
within a crystal as made up of distinct particles acting on one another 
with forces which are functions of the distances, and considering in 
the first instance the motion of a single particle supposed to be alone 
disturbed. The result is, however, meant to be applied to a whole 
plane of particles constituting a wave, and this application is kept in 
view throughout the investigation. The force of restitution called 
into play by the displacement is accordingly resolved in a direction 
parallel and perpendicular to the front of the wave, and it is assumed 
that the latter component produces no effect, because although a single 

icle would be as free to move in that as in any other direction if 
impelled, a plane of particles could not so move without compression, 
whereas vibrations which are strictly transversal take place without 
compression, to which Fresnel supposes the ether would oppose an 
immense resistance. Accordingly account is taken only of that com- 
ponent of the force of restitution which lies in the-plane of the wave, 
and which therefore the particle, considered as one of a plane of 
particles, would be free to o It is shown that for either of two 
r displacements 1 to the front of the wave, the com- 
ponent of the force of restitution which is parallel to the front is also 
in the direction of displacement, but for a given displacement the 
force of restitution is different in these two directions, If now the 
initial displacement be parallel to the front of the wave, but otherwise 
arbitrary, and if it be resolved in these two directions, the components 
will be propagated independently of each other, but with different 
velocities. This accounts both for the double velocity of propagation 
and for the polarisation, in rectangular planes, of the disturbance pro- 
ted with the two velocities respectively. 
hese results were mainly deduced from a consideration of the force 
of restitution called into play by an absolute displacement, whereas it 
belongs to the fundamental conception of the mechanism of an undu- 
lation that it is propagated by orces called into play by relative dis- 
placements. This difficulty by no means escaped Fresnel, who 
endeavoured to show, by probable reasoning, that the general results 
would still be the same. 

The actual results which follow from Fresnel’s theory may be 
enunciated in the following laws :— 

(1.) In every crystal there exists a system of three rectangular axes 
(axes of elasticity), with respect to which the optical phenomena are 
symmetrical. (2.) Let a, b, c, be three parameters belonging to these 
axes respectively, and representing certain velocities of propagation ; 
construct the ellipsoid a*a* +b?7* + c?z*=1, and cut it by a diametral 
plane el to the front of a wave, the reciprocals of the semi-axes of 
the elliptic section will represent the two normal velocities of the 
waves which can travel independently in the given direction, and 
planes perpendicular to the wave front and to the respective semi-axes 
will be the corresponding planes of polarisation. _ ; 

These laws are of a nature to admit of comparison with experiment, 


either directly or by the consequences which mathematically flow from 
II 
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them. The direction of vibration in polarised light is not itself 
cognisable by the senses. In the th from which Fresnel deduced 
the above laws, it is supposed that the of vibration is perpen- 
dicular to the plane of polarisation, 

The deduction of the form of the wave-surface becomes now a meré 
geometrical problem of envelopes. Fresnel did not succeed in solving 
the problem directly on account of the difficulty of the elimination, 
but he gave a very elegant construction by points of a surface which 
he proved to be the waye-surface required, by showing 
it satisfied the requisite condition as to tangent planes, and he thus 
obtained its equation. The construction is as follows. Construct the 
ellipsoid a? 2°+t-*y2+ce~2=1, cut it by a diametral plane, and 
from the centre perpendicular to this plane draw lines equal respectively 
to the semi-axes of the elliptic section: the locus of their extremities 
will be the wave-surface, In the ‘Cambridge Philosophical Trans- 
actions,’ vol. vi, p. 85, Mr. A. Smith has very simply obtained the 

uation of the surface, regarded as an envelope, by direct elimination. 
The equation is— 

aa? 


by? ca 


3a: + poR tT za =% \ 


where P°-=a22+y°+2. It is readily seen that when two of the para- 
meters, a, b, ¢, become equal, the wave-surface of Fresnel becomes 
the sphere and spheroid of Huygens. For an admirable dynamical 
investigation of the problem of double refraction, the reader is referred 
to a paper by Green, in the 7th vol. of the ‘ Cambridge Philosophical 
Transactions,’ 

The length to which this article has already run, compels us to 


omit the subjects of conical refraction, the application of the undulatory | th 
refracted 


theory to the determination of the intensities of reflected and 
polarised light, and of the change of phase which accompanies total 
internal reflection, the properties of metals in relation to the reflection 
of — the optical properties of syrup of sugar and other active 
liquids, and those of transparent stallised media subject to the 
action of a powerful magnet. For these, reference must be made 
either to the original memoirs of those who have investigated these 
subjects, or to some of the extensive treatises which have been written 
on the undu theory. 

UNGUENTS, or ointments, are unctuots substances, for external 
~ rpms and intended to answer a variety of purposes, to 

composition. They are variously designated according to their 
nature and consistence. At one stage of surgery they were of a v 
complicated kind, as may still be seen in the so-called balsams (artificial) 
of the continental pharmacopceias ; but the progress of modern Science 
leading to ter simplicity, their numbers are much reduced, and 
their ingredients fewer. If they are composed chiefly of wax, without 
resin, and of oil, with or without other more active materials, and have 
a consistence nearly as great as that of , they are termed 
cerates ; when fats or resin are used, so that the consistence is scarcely 
ter than that of butter, they are termed ointments; if distilled 
ragrant waters or essential oils are used, they are termed ms, 
or pomades ; and occasionally, if the ap correspond, some are 
termed butters, or pastes, such as almond paste, which, being bland and 
emollient, must be carefylly distinguished from some other compounds 
also called butters [Burrers, in Pharmacy], which are acrid corro- 
sive, euch as butter of antimony, or violent poisons, such as butter of 
arsenic. Most ointments are formed by melting together the ingre- 
dients, and in doing this the heat should never exceed that of the 
boiling-point of water. To ensure uniformity and smoothness, the in- 
gredients should be carefully stirred while on the fire, and strained 
through a cloth while yet in the liquid state: if essential oils are used, 
these must be added afterwards. e are made by merely triturating 
the materials together, as in the case of mercurial ent. No great 
quantity of any ointment should be prepared at one time, as they are 
apt to undergo changes, sometimes very detrimental, either by the 
ingredients acting on each other, or by absorbing oxygen from the air. 
Many should be prepared only when wanted, such as the ointment of 
the nitrate of silver. 

The chief use of ointments is either by their emollient es to 
soften tense or hardened parts, or to sheath excoriated m acrid 
secretions or the irritation of the air. Applied to ulcers, they may, 
according to their nature, besides excluding the air, promote the heal. 
ing, if judiciously used, or hinder it if improperly used. For 

or rough skins, one of the mildest and safest applications is 


m UNG saa Kes hoof of a horse ee like the of a cone”’which 
Separa’ m the part containing the vertex by an oblique e. 
Hence such a solid is called an unguls, and rules tor the Fre ba rn 
of its content are given in books of mensuration. 

UNIAXAL CRYSTALS. [Optic Axis.] 

UNICORN. “Concerning the Unicorn, different opinions prevail 
among , says the author of ‘ Thanmetographla Naturalis’ 
(1683), and he adds that some doubt, others deny, and a third class 
affirm its existence. 

Ctesias, the author Vater e whom Aristotle followed, describes the 
Wild Asses of India (Gvoi &ypioi) a8 equal to the horse in size, and even 
larger, with white bodies, red h bluish eyes, and a horn on the 
forehead a cubit in length. For the space of two palms from the fore- 
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Herodotus (iv. 191) mentions 
(xv., p. 1009, |, folio 
deer, 
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) refers to 


like palms 


black 
its forehead, 

egant be taken alive” 
Hist.,’ viii. 21); and some such excuse may have been 
those days for not producing the living animal upon 
amphitheatre. 

Out of this ee eee Ye 2 
and . But let us pause to scan e body 
Stud bod Of the Gaur taser $0 bs veh ondhbe dhesobaa 
elephant and the tail of a boar point at once to a pachydermatous 
animal ; and the single black horn, allowing for a little exaggeration as 
to its length, well fits the two last-mentioned conditions, and will 
spply 8 one of the species of Rhinoceros. [RutNoceros, in Nat. 

IST. 


Our limits will not permit us to follow out in detail the descriptions 
of the numerous writers who have treated of this subject, among whom 


i 


i 
i 


are lian, Philostratus, and Solinus, A®neas Sylvius, Marco Polo, 
Andreas Andreas 


Gesner, Cardan, Garzias ab Horto, Marinus, 

Bartholinus, Aldrovandus, Jonston, &c. Some, however, of the modern 
descriptions of the Unicorn may be ex Garcias noted down a 
description of this marvellous creature from one who alleged that he 
had seen it. The seer affitmed that it was endowed with a wonderful 


raise, and then 
saw two sent to 


the head of a deer, on which ote horn grows, three cubits in length (a 


at its lowest part an 
thin mane, } 
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“ Meer Wolff,” the latter with his single h 
but with it depressed in the background, 
regaling on ts. Then there are the smooth-horned 
Unicornu, orn,” with the head, mane, and tail of 
bisulcate feet; and another smooth-horned 
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out, 
valiantly in the water in the dis 


head and two rhinoceros-like horns, one on his forehead and the 
on his nose, and a horse's tail, with a collar round his neck ; 
we find the “ Monoceros, seu Unicornu jubatus—Einhorn mit mab 
with a neck entirely shaggy, a horn, anterior bisuleate 
the posterior being webbed, and a deer’s tail ; and at the bottom of 
plate, “ Monoceros, seu Unicornu aliud—Kinhorn mit ‘ 
andr’ art” with a twisted horn, mane, and shaggy gorget, curly 
and camel-like feet. j 

The Unicorn seems to have been a sad puzzle to the hunters, wh 
hardly knew bow to come st 40 valuable s jusseot gal It was how: 
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it was fond of rarities, and particularly 

so con ie aged oi virgin, who 

’ was placed + irer’s way. When the Unicorn 

b spied her, he approached with all reverence, couched beside her, and, 
, laying his head in her lap, fell asleep. The treacherous virgin then 


" ee nn een 0nd copeored the inl’ beet I 
[- Modern zoologists, disgusted, as they well may wi es 
only given a specimen or two, disbelieve generally the 
existence of the Unicorn, such at least as we have above referred to; 
result of M. Guettard’s dissertation is an opinion that some 
terrestrial animal bearing a horn on the anterior part of its head exists 


panel trial if : 
on the forehead of the Giraffe [Gmarreg, in 
it would be presumptuous to deny the 

i uadruped other than the Rhinoceros, it may 
(alan sep aang egihee edgy iemtpsapma? mele em 
of deer-like cranium is as near an impossibility 


horne” in Tradescant’s collection was probably 

for the horn of the Unicorn, namely, 

assert that the Unicorn, when he 
the 
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Narwhal'’: 


. ‘8 

Unicorn’s horn, as represented in the old figures, That in the reposi- 
eee rene: on poenie 

been given to him by , who took him 

out to hunt unicorns, which are frequent in that country. Some have 


wae that this i elephant’s tooth. There is one at 
some seta Sd: dlehes doula legit, tnd heen aot erin in 


tine physician has recorded that a 
in the shops for fifteen hundred and thirty-six crowns, when the same 
in gold would only have brought one hundred and forty-eight 
Unicorn 


is a national — with us, for it is one of the sup- 

the royal arms reat Britain, in that termed by 
‘saillant.” It was introduced as one of the supporters of the 
English arms by James I., who having as king of borne two 
unicorns See See a eee een Wee Teeges Moa e Ws ponent 


Though this word mean nothing more than “ of one 
a signification in mathematics which might be better 
rendered by “of one value” or “ of one degree,” when we speak to the 

mathematical proficient. But it is a convenience, tho 

accidental one, that the word does not imply the idea of value abso- 
j j a circumstanee which may serve us to elucidate a point of great 
____ importance in the differential calculus. The commencement is made 
Da in the present article; the continuation will follow in Vexocrry. 
" Tn order to understand any of 
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a perfect mathematical conception 


ra- 
the nature of magnitude; secondly, that it is of a measurable 
is, of being measured, and can actually have a 
Why do so many persons talk and 
density, acceleration, &c.? Simply 
conversant with the first consideration, and have 
ideas of the second: they feel that they are 
of things which they know may be more or 
familiarity with the precise way of ascer- 

more or the how much less, without which deduc- 
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pendent of value ; for this last term implies 


as our instance, most readers would be 
measurement and yalue established in their 
naga A we therefore prefer to choose 
be quite new as meaning a measurable 
those who have more than an 
which ditingaish peg 
4 es a curve from a 
np aga tae aa peary Ayre; the application of 


the idea of more and less: one eurve may bend more than another, or 
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the first announcement: the next step would be to imagine it 


place than in another. So much every one can be sure | 3 


possible, that one curve might, say at and about a point a, bend 
exactly twice as much as another at and about a point B. But here 
the ordi reader can only imagine a possibility : no distinct criterion 
will at once present itself for determining what proportion the bendings 
or curvatures of two curves are to be stated as having to one another 
at two given points. If two tangents be drawn at the two given points, 
it is obvious that, according as the curve bends more or less, there will 
be more or less deflection from the tangent. Thus the curve aP, at 
the point a, has as much curvature as AQ, or more; certainly not less. 
Now as in other cases, if we measure curvature, it must be by eurva- 
ture, as length by length, weight by weight, &c.; and as a preliminary, 
it will be desirable to have that curve which has everywhere the same 


~ 


curvature. This curve is obviously a circle, which is throughout its 
circumference bent in exactly the same manner. Those who cannot 
imagine how curvatures are to be measured can always see this much, 
that a true mode of measurement will give the same result to what- 
ever point of a given circle it may be applied. A method of deter- 
mining value must be false which gives at one point of the same circle 
a greater curvature than at another. Here we say that any one may 
see that a notion of uniformity has a useful existence previously to 
that of any mode of comparing the values of different cases of this 
uniformity. The circle a may have a radius twice as large as that of 
B: are we then to say that the curvature of Bis double that of a? 
That the smaller e bends most is certain; whence it is equally 
certain that curvature or bending is a magnitude ; it has its more and 
less. Again, it is obvious that the circle B has the same curyature in 
all its parts, and that the circle a has the same ; though the parts of a 
have a curvature which is not the same as that of the parts of B. 
Hence it is certain that uniformity of curvature is perfectly conceivable. 
Now what we have to enforce is, that all this takes place in the mind, 
before any mode can be given of answering the question how much 
the curvature of B exceeds that. of a. The greater the radius the less 
the curvature, and a has twice as great a radius as B, If it be proper 
to say [Vartation] that the curvature varies inversely as the radius, 
then B is twice as much curved as a; but if it be proper to say that 
the curvature varies inversely as the square of the radius, then that of 
B is four times as great as that of a, Here the object of this article 
ends, and we haye referred to VeLocrry the manner of making the next 
step. At the risk of undue repetition, we state again, that a perfect 
idea of a magnitude, as a magnitude, and of its uniformity, or total 
absence of change of value, may exist in cases in which the accurate 
comparison of values, or measurement, is not attained, and may even 
exist in a mind which has not the means of conceiving the possibility 
of such com; m or measurement being accurately made, 

UNIGENITUS, BULL. [Butxs, Papat.] 

U'NISON, in Music, is a sound which is seul the same as another, 
in re; to pitch—that is, to acuteness or gravity. 

UNIT or UNITY, the name given to that magnitude which is to 
be considered or reckoned as one, when other magnitudes of the same 
kind are to be measured. It is not itself one, but is the magnitude 
which one or 1 shall stand for in calculation: it is a length, or a weight, 
or’a time, as the case may be, while 1 is only a numerical symbol, This 
symbol 1 represents the abstract conception of singleness, as distin- 
guished from multitude, and is the unit of abstract arithmetic; but all 
concrete quantities must have units of their own kind. 

Unity, says Euclid (book vii., def. 1), is that according to which each 
of existing things is called one; Movds éor:, Kal’ ty Exacrov tay byte 
& Aégyera:, And, allowing somewhat for idiom, it would not be eas 
to mend this definition, Anything may be unity, for things of i 
own kind. 

The common division of units into abstract and concrete is merely 
the distinction between the unit of numeration and that of measure- 
ment: the former implying that reckoning or computation is to be 
performed, without 5; reference to any particular object of 
reckoning; the latter, that some certain unit of length, of capacity, or 
whatever it may be, is to be signified by 1, On this point the 
learner must take pains to see, that of all the fundamental operations 
of arithmetic, three are wholly independent of this distinction, which 
cannot be said of the fourth. Addition, subtraction, and division can 
be physically performed, and without reference to units: two lines 
may be put together into one line, a line may be cut off from another, 
or a line may be carried along another time after time, until it is seen 
how many times the greater contains the less, But multiplication 
requires that number or magnitude should be taken a number of times, 
and the idea of multiplying a magnitude by a magnitude inyolves an 
absurdity, [Muurrenioation; Rectanciz.} Nevertheless some enter- 
prising writers on arithmetic profess to ealeey nitude by magni- 
tude; and, to make their doings more striking, they often choose 
for their instance to multiply 997. 19s. 11}d. by 99/. 19s. 113d, To 
take a humbler case, let us examine the product of 5 shillings and 

i : beginners educated in the common system of-arithmetic are 
to part with the idea that this must be 16 shillings. 


shillings ;, 
generally loth 
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The common rule of three, as generally stated, and given without 


ness; and for those who cannot see any difference between 5 shillings 
taken 3 times, and 5 shillings multiplied by 3 y 
of a question in this rule will be worth while. Let it be as follows :— 

If 10 apples cost 7 pence, how much will 30 apples cost? The 

computer proceeds in this manner :—As 10 apples are to bigs so are 

30 a Bry to the answer required. According to the rule, he multiplies 

together 7 pence and 30 apples, and produces 210—of what he does 

not say. ey can simple apples, or pence: probably they 

are 210 chemical compounds of an apple anda penny. The result is 

to be divided by the first term, 10 ap feed here 210 divided by 10 

gives 21, and the apples in the divisor decompose this compound, free 

it of all its fruit, es | leave for the final answer 21 pence. The confusion 

which is caused by the improper use of the concrete unit can hardly 

be conceived by any but one who has been used to teaching. 

UNIT JAR. [Execrricrry, Common, col. 801.] 

UNIT OF WORK. [Wonrk, Unrr or.] 

UNITARIAN. This term, in its strict and literal interpretation, 
denotes simply a believer in one God; and, when thus understood, is 
a generic term, applicable to all Christians, for they all profess to, 
receive the unity of the divine nature; and not only so, but to Jews 
and Mohammedans also, and even to those unbelievers commonly called 
Deists, who, on the grounds supplied by natural reason alone, admit 
the existence, providence, and moral government of one Supreme 
Being. But it is more commonly understood as op 
and is accordingly the received denomination of those Christians who 
acknowledge one God in one person, as distinguished from those who 
conceive of him in three persons, characters, or relations, each of which 
they regard as the proper object of a distinct and separate religious 
worship. The Unitarian Christian believes the Father to be the only 
true God, and Jesus his messenger to be the Christ. (John xvii. 3.) 
This is the leading fundamental principle, which constitutes the true 
and complete definition of the term; under which are consequently 
included all those who, receiving the divine authority or commission of 
Jesus Christ, believe him to be a dependent creature, deriving his 
existence from the Father, and therefore as the fit object of all the 
veneration, submission, and obedience which can be offered to a crea- 
ture, but not of religious worship properly so called. Agreeing in this 
great and leading principle, Unitarians differ in their opinions as to the 
origin, nature, and dignity of the author of their religion. Some 
believe him to have been a celestial spirit of great power and dignity, 
existing before all worlds, and employed by the Father as his instru- 
ment or agent in the creation of the universe, or at least of this portion 
of it in which we dwell. These are usually called, and call themselves, 
Arians; though differing in tex ical goer from the distinguishi 
tenets of that celebrated heresiarch. Of this class was the late Dr. 
Price, and many of the principal English Unitarians in the earlier part 
of the last century. Others believe Jesus to have had no existence 
previous to his birth, and to have been simply “a man, approved of 
God by miracles and wonders and signs which God did by him.” 
(Acts ii. 22.) These are not unfrequently styled Socinians: but they 
themselves, almost universally, reject this appellation ; both because it 
is usually given as a term of reproach (though in fact there is no more 
reason why it should be so considered than Lutheran, Calvinist, or 
Arminian), and also because Socinus held certain opinions which they 
disapprove, particularly the duty of praying to t, contrary, as 
many of them think, to his own express injunction, (John xvi. 23.) 
Unitarians believe that in Christ dwelt all the fulness of the Godhead, 
inasinuch as the spirit was not given by measure unto him, and as he 
was invested with full power to make known to the children of men 
the will and intentions of God concerning them; and they require no 
other evid than his authority for receiving all which he delivered 
as coming from God. On this authority they believe that there will 
be a resurrection from the dead, both of the just and of the unjust, 
when all shall be rewarded according to their works, and when Christ 
himself shall come in the glory of his Father to judge the living and 
the dead. They believe tha} the truth of this declaration was ascer- 
tained and exemplified by his own resurrection from the grave. They 
believe that he was sent to include both Jew and Gentile in the terms 
of a new and better covenant : and to admit the whole race of mankind 
to a participation in the privileges of the family of God. For this 
reason it is that the death of Christ is described by himself as the 
blood of the new covenant, shed for many for the remission of sins; 
and hence Unitarians receive him not as God himself, but as the image 
of God (2 Cor. iv. 4), and a ray of his Father's glory—as the one 
Mediator between God and man. 

Unitarians believe in the Atonement; understanding that term in 
the sense in which it is used in the only place where it occurs in the 
New Testament, namely, reconciliation. Men were enemies to God 
wicked works ; they were reconciled by the death of Christ, that is, 
by the new covenant of grace and mercy ratified by his death, in as far 
as they have been reclaimed from sin to a life of righteousness, In 
this sense they think that Christ died for us; not in our stead, but on 
our behalf ; to procure for us the benefit of a new and better dispen- 
sation. Thus the terms or conditions of salvation are “ repentance 
towards God and faith in the Lord Jesus Christ.” And they deny 
that these views are liable to the charge which is sometimes brought 


to Trinitarian, |; because in 
No Unitarian will allow himself to be held responsible for the 
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against them, of underrating the evil of sin; considering that 
repentance is meant not merely sorrow for past sin, but a change of | 
and heart, leading to future amendment, and, when le 
to restitution. 4 an . r 
upon own 
merits, but . They ‘profem to look for ee 
have or can expect to the grace and mercy of God, 
fested in the gospel i this alone, is the 
procuring cause of salvation, of which conversion where necessary, and = 


Seat Snide bie condition; a condition, which they 
men are competent to fulfil, by a diligent and conscientious exercise of 


man inherits at his birth, they believe to be such as his Maker 
intended them to be, not less capable in their own nature of 


= 


religious and moral improvement than those of his first progenitor, — 
when cultivated with due care, exercised under an influential sense of 
the Divine presence, and an habitual application for the Divine pro- 


Restitution ; considering t, both here and hereafter, not as 
the expression of what is called vindictive justice, but as the instra- 
ment of a remedial gry pn destined ere bring back the 
sinner from the error of his ways. But it should be observed that 
this, as on all other points, it is difficult to give any precise statement; 


: 
: 
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maintained by any other, let his talents, eminence, or repul 


what they may. Bien 
Without touching on the controversies which have arisen respecting 
the history of Unitarianism in the primitive church, it may be 
sufficient for our purpose to observe that it quickly made its appear- 
ance among the leading reformers of the 16th century. The fate of 
Servetus, who was burnt at Geneva for the profession of this obnox- 
ious sentiment, is the foulest blot on the character of Calvin. Several 
of the most eminent of the Italian reformers of that period were anti- 
Trinitarians of different degrees, some of whom became disti ( 
lights and founders of Unitarian churches in distant lands, this, 


counter, during the rei of Edward VL. Elizabeth, and James I., 
several persons expiated the offence of this form of heresy at the 
stake ; but the first religious society established in ‘England avowedly 
on this principle was gathered in the time of the Commonwealth by 
Biddle, who may therefore be styled the father of English Uni 


are still known by that name, though no Presbyterian form of church- * 


their predecessors. A smaller body are Baptists 
now Unitarian originally paidaces wholly or partially to the Inde- 

dent denomination, In the proper sense of the word they are all 
reigcdiibivasticia 7 Sitiakigiat Wi vee society is a distinct reli 
community, acknowledging no external control upon earth in tual 
concerns, The census of 1851 gave 229 con; ions in England and _ 
Wales, and 50,061 attendances on Sunday, March 30, 

In the United States of America there are at least four distinct 
religious bodies who profess anti-Trinitarian opinions:—1. A large 
portion of the Congregationalist churches in Massachusetts, with a few 
in the adjoining states of New England, to which may be e 
churches of the same denomination in seyeral of the principal towns in 
other parts of the Union. 2. The Universalists, whose leading . 
is the doctrine of Universal Restitution; but who have in general 
adopted some modification of Unitarianism. 3. A considerable majority 
of the American Quakers, from whom their orthodox brethren ec 
and formed a distinct community, 4, A numerous denomination who 
call themselves Christians by way of distinction, refusing to be en- — 
rolled as the followers of any other body. eB 

At Geneva, once the fountain-head and stronghold of i 
Unitarianism prevails; and in Transylvania the descendants of the 
followers of Socinus, Davides, and others, in the 16th century, still 
form a numerous community, : 

In this article no attempt has been made to exhibit the scriptural 
proofs on which Unitarians are accustomed to rely; still less to give 
any minute critical examination of the texts usually cited in opposi- 
tion to their doctrines ; but merely to state as concisely and , 
as possible what those doctrines are. Those who wish to obtain — 
further information on the views of Unitarians are referred (among 
other sources) to Lindsey's Apology and Sequel ; Lardner'’s Letter on 
the Logos ; Belsham’s Calm Inquiry; Carpenter's Unitarianism the 
Doctrine of the Gospel ; Yates's ies to Wardlaw ; and the Doctrinal _ 
Discourses of the late Dr. Channing. “2 

UNITED BRETHREN, [Monravians. ’ 

UNITED PRESBYTERIAN CHURCH (OF SCOTLAND). The 
United paca ir and testy ar le E existed _ 
separate organisations for a considerable period, formed a junction 
1847, under the designation of the Uniten Preshyterian Church. The — 
original seceasion from the Scottish establishment, which took place 
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who sympathised with his views. 
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in the year 1733,'was occasioned by two acts of the General Assembly; 
the first, passed in 1730, for A ied an end to the practice of record” 
ing the protests, or reasons 


Seer fener, pronented by Se 
e 


ing as arbi z pon 

rsorcar wubelatlonl od Sian tt which Erskine appealed to the 
General Assembly ; but the sentence was confirmed by that supreme 
court in 1733, and he was rebuked and admonished at the bar of the 
house. He , three other clergymen adhering to him, against 
this decision, and declared he would continue the conduct for-which he 
had been censured ; upon which the Commission of Assembly was 
authorised to against the four protesters, and they were sus- 
ners in August, 1733, and deposed on the 16th of November 

lowing. This sentence of the Commission however was removed by 
the Assembly of 1734, which at the same time repealed both the act 
of 1730 and that of 1732. But in the meantime the deposed 


churches as usual, till the affair was once more brought before the 
Assembly of 1739. Even in that house the motion for proceeding 
to a sentence of deposition was lost; but they were finally deposed, 
and their parishes declared vacant an act of the next Assembly, 
passed 15th May, 1740, by a majority of 140 to 30. 

The Seceders, or Associate Synod, as they called themselves, 
remained a united body till the 9th of April, 1747, when they split 
into two on a quarrel about a clause in the oath required to be taken 

the or freemen of some of the burghs in Scotland, 

of their profession and hearty allowance of “the true 
religion at present professed within the realm, and authorised by the 
laws thereof,” The larger division, who held that the oath might con- 
scientiously be taken by Seceders, kept the name of the Associate 
but were popularly designated Burghers ; while those who held 

it would be wrong to take the oath took the name of the General 
Associate Synod, and were known as Anti-burghers. In 1820 the 
Burghers and Anti-burghers coalesced again into the United Associate 
the Secession Church. In 1847, this body, when it united 
Relief Church, consisted of 24 presbyteries, representing 


of subscribing the Solemn League and Covenant was 
imperative upon all members of the 8 ion by the Associat 
in 1744; but fell into desuetude after a few years. One chief 
of this was the growth among the Seceders of opinions adverse 
the principle of national religious establishments altogether, a 
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Established Church held that principle. The members of these 
sections were known as Old Light Burghers, and Old Light Anti- 
burghers. [SrcepErs.] 

The Relief Church originated in the secession of a clergyman, Mr, 
Gillespie, from the Established Church in 1752, on a question of 
chure . Mr. Gillespie did not, for a considerable time, 
eo to form any separate ecclesiastical organisation, but kept on 
friendly terms with many ministers and members of the establishment 
Others who left the establishment 
for similar reasons erected places of worship, which were known as 
Relief Churches, because affording relief from the grievances of lay 

in the Established Church. From these scattered congrega- 

tions at length arose several Presbyteries, constituting the Relief 

Synod. This body, in 1847, at the time of its junction with the 

nited Secession Synod, comprised nine presbyteries, representing 
114 congregations. 

The United ian Church gai of about 550 con- 

ions, constituting $1 presbyteries. The Synod meets annually in 

, usually at Paine : vi 

UNIVERSAL ; UNIVERSAL AND PARTICULAR. (Logic). By 
a universal, in old logic, is meant a term which stands for more ¢ 
than one: that is, any word which means more than an individ 


? 


which applies to a class of objects. In this manner it was applied to 
the five PrepicaBLEes, which were also called universals, For the 
dispute about the character of universals, see NomINaLists; but this 
dispute belongs to metaphysics, not to logic. 

The distinction of universal and particular, as applied to propositions, 
uses the word universal in a different sense. A proposition is universal 
when it makes its assertion or denial about every one of the things 
spoken of; and particular when it makes such an assertion or denial of 
some as implies that others are, or may be, lef unspoken of. Thus“ all 
men are mortal” is universal, and also “no man is perfect.” But “some 
men are born in England” and “some animals cannot live in this 
climate” are particular. These are the direct logical forms, but it 
happens commonly that the universal and particular characters are ex- 
pressed by a great variety of idiomatic turns, and even that forms of 
expression which, literally speaking, imply universality, are used ina 
particular sense. ‘Thus “men do not willingly abandon life” strictly 
means that all men are unwilling to quit life: nevertheless it would 
be generally understood to speak of most men—all but afew. Except 
when speaking of laws of nature or necessary conditions of the mind, 
few writers have much occasion for universal propositions, and con- 
sequently the forms of speech which belong to al, pass into use when 
the proposition is intended to be predicated only of most. 

The particular proposition, in its pure logical form, is of no very com- 
mon occurrence, The reader must understand that all which is not 
mentioned is, in the science of logic, considered as unspoken of : now the 
particular proposition of common life generally denies of the rest what 
it affirms of some, or affirms of the rest what it denies of some. Thus 
he who should say “ some men are mortal” would be held to utter an 
untruth, because he would be thought to imply that the rest are not ; 
and a naturalist, wishing to state that some species of a certain animal 
have fur, in order to state just what his argument requires, would 
think it necessary to say ‘some at least,’ or to use some other form of 
speech which would signify that, for anything he said to the contrary, 
all the other species might have fur also, But the logical proposition 
is always understood to make all possible admission or allowance as to 
every matter which is not directly spoken of; and “ some men are 
mortal” means that nothing whatever is either said or implied about 
the rest. ’ 

The most common form of speech perhaps is the one compounded 
of the two particular propositions, the affirmative and the negative, of 
which the emphatic part is expressed, and the rest implied. Thus, 
two men going into a company, the first expecting to see all dressed in 
mourning, and the second thinking none would be so, would come 
away expressing the same fact in sentences of very different meaning. 
The first would say ‘‘some were not in mourning,” the second would 
say “some were in mourning,” both meaning to say “‘ some were and 
some were not,” but each giving only that part of the assertion which 
contained the (to him) unexpected fact’ It would be desirable that 
writers on logic should make a closer analysis of the common forms of 
a) and a comparison of them with the strict and true logical 

orms. 

The universal proposition includes all cases in which there is nothing 
left unspoken of, and therefore contains all propositions in which the 
subject is an individual, or cannot be divided into parts. Thus, 
“ Milton was an Englishman” is as much a universal proposition as 
“all men are mortal.” It was at one time a matter of discussion 
whether propositions asserting matter of individuals could be properly 
called universal ; but whether this term were applicable or not, it was 
always seen that the rules of deduction applying to such propositions 
were precisely those which obtain in propositions about the appella- 
tion of which no doubt could exist. But the preceding proposition is 
not universal because it includes al/ Milton, but because it includes all 
Miltons ; that is, all Miltons who can answer to a description which is 
implied in the word as there used. And if, by the closeness of the 
implied definition, and the number of conditions which are to be 
fulfilled, there be left but one of men alive or dead whom it is possible 
to mean, the proposition is not the less true. Thus, when every a is 
shown to be B, and every B to be ©, it follows that every 4 is 0, even 
though the description given of a be so close that there can be found 
but one object answering to it in the world. 

And just in the same manner as all may, logically speaking, be only 
one, so some, or those which are spoken of as some, may be one only, 
or several, or nearly all, or even all, Some as are Bs is logically true 
(such is the convention of the formal part of that science) when there 
is only one A which is B ; and also when every A is B. 

If we look at the specific elements of propositions, we find that, 
while the subject is defined, as to whether it be universal or particular, 
by the express addition of words, or by an implication which has the 
same effect, the character of the predicate follows the nature of the 
proposition, and depends solely upon whether it be affirmative or 
negative. In all affirmative propositions the predicate is spoken of 
particularly ; in all negative propositions, universally. Thus, “ As are 
Bs” in itselt does not describe the manner in which a is used: it may 
be some as or all as; but it does particularise the predicate, B. Here 
4s (so many as are spoken of, be it some or all) are Bs; each one of 
these as is a B, but other ps may or may not exist, about which con- 
sequently nothing is affirmed. “ All horses are animals ;” all the 
horses up as many of the animals as there are horses: under 
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this form the particular character of the predicate is expressed. But 
if we say “sare not Bs,” even though only one A should be here 

en of, yet every B is compared with it and rejected, What is 
meant is, that “ this one ais not any one whatsoever of all possible ns.” 

Formal logic, though an excellent exercise, is in some respects a 
dead letter unless the student take pains to trace the numerous 
idioms of language in which the affirmative or negative proposition is 
conveyed. So very nice are the circumstances, frequently of mere 

ition or of context, by which the universal form is distinguished 
fr the particular, that it would be easy to lay down an isolated 
sentence, of which no one should be able to say which of the two it is, 
For example, “homicides are justifiable which are committed in self- 
defence,” and “ homicides which are committed in self-defence are 
justifiable.” Though probably the leaning of » grammatical critic 
would be to the supposition that the first should stand for “ All 
justifiable homicides are those which are committed in self-defence,” 
and the second for “ Among the justifiable homicides are,” &c., yet no 
would be sure of an author's meaning, whichever of the pre- 

ing forms he might use, until he had examined the context. 

UNIVERSAL DISCHARGER, ([Execrrica, Batreny; Euec- 
Tricity, Common, } 

UNIVERSAL JOINT, [Hooker's Jour. 

UNIVERSE. This name is generally used, as the word world once 
was, to signify the collection of all created things. In modern 

. the world” generally refers to the earth only, and the 
universe to all stars and planets, Before the reception of the Coperni- 
can theory, “the world,” which signifies what we now the 
universe, was naturally a synonyme for “ the earth,” which was sup- 
posed to be the principal part of the universe, all the other celestial 
bodies being only satellites, But since the time when other planets 
have been advanced to the dignity of -being separate “worlds,” the 
term universe has been gradually introduced into common Janguage. 

By the technical term Theory of the Universe is always understood 
what is known of the general arrangement of planets, stars, &c,, and of 
their connection with one another. 

UNIVERSITIES, lay corporations to which, since the 12th 
cat f the charge of educating the members of what are called the 
learned professions has in a great measure been confided throughout 
Europe and the colonies founded by European states. [Unrversiry.] 

The three oldest learned institutions to which the name University 
can with propriety be applied are those of Paris, Bologna and Salerno. 

It is impossible to fix a precise date at which the educational 
institutions of Paris can be said to have assumed the form and name of 
a university, As for the name (universitas), it was not confined in the 
middle ages to scientific bodies; it was used in a sense equivalent to 
our word corporation. There were “universities of tailors” in those 
days. It was long before the name settled down into its present 
aceeptation, The school of Bol was a “universitas scholarium,” 
that of Paris a “ universitas magistrorum,” because the former was a 
corporation of students, the latter of teachers, The oldest printed 
statutes of the university of Bologna are called “ Statuta et privilegia 
almae Universitatis Juristarum Gymnasii Bononiensis;” and in not a 
few universities we find an “universitas juristarum” and an “ uni- 
versitas artistarum” side by side: from this it appears that “ uni- 
versitas” at one time approached nearly to the meaning of our word 
“faculty.” What we now term a university was long designated 
indifferently “schola,” “studium generale,” or “ ium.” The 
occasion of this vacillating nomenclature is explained by the history of 
universities, 

The oldest document in which the designation “ uniyersitas” is 

lied to the university of Paris, is a decretal of Innocent III., about 
ks tasening of the 13th century. But as early as 1180 two decretals 
had been issued by Alexander III., the first of which ordained that in 
France no person should receive money for permission to teach, The 
glossa of Vicentinus says expressly, that this prohibition was directed 

i the chancellor of the university of Paris; and the second 
decretal alluded to exempts the then rector, Petrus Comestor, from the 
operation of the first ; and much earlier than any legislative provisions 
of popes or kings we find the foundations of the university laid. 

To almost every cathedral and monastery of Europe there had been, 
from a very early period, attached a school, in which all aspirants to 
priestly ordination, and such laymen as wished and could afford it, 
were instructed in the 7rivium and Quadrivium, It appears from the 
letters of Abelard (died 1142), and from other contemporary sources, 
that the poorer establishments intrusted the conduct of this school to 
one of their number called the Scholasticus; and that the wealthier 
bodies maintained a Scholasticus to instruct the junior pupils in 
grammar and philosophy, and a Theologus to instruct the more 
advanced in theol About the time of Abelard the great concourse 
of studenta who flocked to the episcopal school of Paris appears to have 
rendered it necessary to assemble the two classes of pupils in different 
localities ; the juniors were sent to the church of St, Julian, while the 
theologians remained in that of Notre Dame. All who bad studied a 
certain time, and certain trials were entitled to be raised by 
the rector of the schools to the grade of teachers. This was done by 
three successive The candidate was first raised to the rank of 
taster, in which he acted for a year as assistant to a doctor (or teacher) ; 
then to the rank of baccalaureus, in which he taught for a year, under 


‘speculative 


grade of independent doctor, The number of 
profession of a teacher at Paris lucrative, and many from all c 
embraced it, According to the custom of those unsettled times, the 
petely formed themselves into a corporation for mutual sup 
he corporation consisted of the teachers of all the three grades, 
stood under a rector elected by themselves, A: i pty Bg 
ment entered into in 1206, the rector was elected by the of 
the four nations—French, English or German, Picards, and Normans, 
Before this time, in 1200, Philip Au had confirmed the exclusive 
control of the rector over all studen local 
tion of the artists from the th 
sequence, but for the rapid progress which the Aristotelian 
made during and immediately after the life of Abelard. ro 
tions into which studious men were led by writings of Aristotle — 
necessarily brought them to deal with topics which had hitherto been con; 
ceived to lie within the exclusive domain of theology, The rep bor. ' 
were frequent and bold attempts by individuals to modify the recei 


doctrines of the church, clamours about heresy, persecutions, and 
bring about a tacit 


the superintendence of his doctor, pupils of his on Ne 
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counter-persecutions. All these contributed to 
compromise between the professional theologians and the admirers of 
ecm : the former were left in possession 

pulpit and chairs of theology; the latter confined themselves 
to literature and philosophy, and sought to avoid occasioning 
by rarely overstepping the bounds of abstract inquiry. The 
of this tacit agreement may be traced in the writings of the 
from the time of Abelard down to that of Erasnius ; under 
a class of literati, who may be called, although many of 
orders, secular scholars. It was the same incompatibilit; 3 
spirit of speculative inquiry with the stability of a dogmatic 
which led to this compromise, that embittered the dispute about 
claim of the mendicant orders to establish chairs of ey 
University of Paris about the middle of the 13th * i 
troversy ended in the secession of the doctors of from 
university, as it had for some time been called, and their i 
themselves into a separate college or faculty, Their example was 
followed not long after by the doctors of canon law and medicine, who 
formed themselves into separate faculties. These faculties consisted 
exclusively of the actually senclitag doctors (doctores regentes) of tl 
three branches of knowledge, The masters and bachelors 
members of the university proper, which, from the secession of 
theologians, canonists, and doctors of medicine, came in ti 
called the Faculty of the Artists, From this period the uni 
consisted of seven bodies or sub-incorporations—the four 
their procurators, and the three faculties under their 
rector was the head of the university; he was elected by 
rators of the old university; no doctor of theology, canon 
medicine could be elected or take in the election. _ 
rector wan chosen by the procurators, but page | by fi 
specially elected by each nation for that purpose, The Prevét of Paris 
{eo long as that officer retained any puthority) 
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royal privileges in the university ; 


i urisdiction, 
the university stood immediately under the king, till a.p, 1200, when 
its members were transferred to the episcopal court of Paris; 
the middle of the 15th century they were transferred to the P, 
ment of Paris. In to civil jurisdiction the University was 
originally under the bishop; in 1340 it was transferred to the court of 
the Prevét of Paris; when the Chatelet succeeded to the judicial 
functions of the prevét, the university was transferred to that court. 
The rector, with the procurators and p Kiang formed a court, which had 
jurisdiction in all complaints A pars teachers for incompetency or 
neglect of duty ; and against students for disobedience to their 
the rector, or the discipline of the university, and in all cases between 
students, lodging-keepers, booksellers, stationers, &. From the 
decisions of the rectorial court there was an appeal to the uniy: y 
and from it to the Parliament of Paris. Each faculty (that of 
artists included), had its own common school. In the 
canonists, there were six professors (or doctores regentes); the number 


By degrees, however, as more numerous and abl 
employed in these colleges, they assumed the character of boarding- 
houses for all classes of students, In the 16th century the students 
who did not reside in any college had come to be regarded as excep- 
tions from the general custom, and were nicknamed “ martinets.” 
The college of the Sorbonne (founded in 1250) was commonly regarded 
as identical with the theological howtir, because the members of the 
one were most frequently members of the other also. The promotions 
however continued to made by the officers of the university, 


although the c es eeeien Nd beee™ig 9 oak eee 
engrossed by the D were conferred in the faculties of 
theology, canon law, and tices, by the deans, with the concurrence 


of the chancellor of the Cathedral of Notre Dame; in the faculty of 
artiste, by the rector, with the concurrence either of the chancellor of 
Notre Dame or the chancellor of St, Genevidve. 
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_ ‘The oldest authentic document bearing upon the University of 
ted by the ye Frederic I., at 


compilations that he was invited by the Countess 

Matilda its doctrines from the professorial chair. Matilda 
died in 1115: between 1113 and 1115 the name of Irnerius appears 
= ee document as se. tence Swe the ate From ‘ty the 
to have been loyed in wei, missions e 

. Henry Vv. Under Ths ethincor Frederic wy the four doctors” 

of were selected to i igate the rights of the crown, in 
order to determine how far those claimed by the Lombard towns were 
usurpations, These circumstances show that the reputation for legal 
knowledge acquired by the law-teachers of Bologna had proved an 
introduction to state employments, honours, and emoluments; and 
this attracted to the city in which they taught a concourse of the 
most intelligent and aspiring minds of Europe. ie on of 
having studied at Bologna was a passport to office throughout Christen- 
dom. The earliest statutes and charters of the University of Bologna 
are compacts entered into by the students for mutual support and 
assistance, and immunities granted them by the popes and emperors. 
The University of Paris was originally an association of teachers: it 
Was a corporation of gtaduates. The University of Bologna was 
y an association of students who had repaired from distant 

lands to avail themselves of the instruction of a few celebrated 
teachers : it was a corporation of students. Disputes between the 
of the city, and between the students and fessors, 
occurred about 1214, are the first occasions on which we lear 
From the history of these controversies it ar that 

had previously been in the habit of electing the rector, 
was confirmed to them for the future. At first 
school of law in Bologna, and the jurists consti- 
university, or rather the two universities of the Citramon- 
Ultramontani. In course of time teachers of philosophy and 
settled in Bologna, and the scholars of each c’ attempted 
university : their Er to do so was successfully contested 
in 1295, bub in 1316 they were allowed to elect a rector 
own. They called themselves ae hi et medici,” or 
.” In 1362 Innocent VI. founded a school of theology at 
From this time therefore there were four universities in 
two of law (which, however, were so intimately connected, 
spoken of as one), one of medicine and philo- 
. Each of these had its own independent 

ie law university is best known, and agrees in 
ith the others. e “ universities” consisted of 
its, who were admitted upon the b's beeen of twelve 
and obliged to renew annually their oath of obedi- 
the statutes of the university. The Bolognese 
scould neither hold offices in the university nor vote in its 
assemblies, The foreign students were divided into Citramontani 
and Ultramontani: the former were divided into seventeen nations, 
into bay ringed The rector was chosen annually from among 
predecessor in office, the rector’s council, and a 

electors chosen by the nations, A rector was taken from 
in rotation. The council consisted of at least one repre- 
each nation : some had two. The university also elected 
act for them in courts of law; a notary ; a mas- 


originally a teacher of philosophy, but to have acquired such a know- 
ledge of Justinian's ae 
to 


: 
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students, to whose body they were reckoned, and all whose privileges 
a enj except a vote at elections. 

ion of the rector, who could fine or 
was conferred by those who had previously obtained it: it was 


In the 13th century the ni ng § began to create doctors 
hilosophy and arts, and even of the 
Any student who studied five years might be 
rector to “peer a single title, or, if he had studied 
six years, to expound a whole book of the Pandects. He was termed 
a licentiate; and after he had performed his task, he was declared a 
baccalaureus. Salaried professors eget in Bologna for the first time 
about 1279. The doctors taught in own houses or in halls hired 
for the : their method of tuition was by lectures, examina- 
tions, and ions, 
The history of the University of Salerno is much more obscure than 


the histories of the Universities of Paris and Bologna. Ordericus 
Vitalis, whose annals close with the year 1141, speaks of Salerno as a 
place long eminent for its- medical schools, Its most celebrated 
teacher, Constantine of Carthage (died 1087), was a privy councillor of 
Louis Guiscard. This school was still flourishing in 1224, when the 
University of Naples was established. All that can be inferred from 
these scanty notices of the school of Salerno is, that the scientific 
study of medicine was making rapid strides about the same time that 
law began to be more systematically studied, and philosophical and: 
literary pursuits to be regarded as the profession of a class whose 
members might or might not be priests. [SaLerNiTANA ScHoLA, in 
Broe. Dtv.] 

A sense of the advantages of general knowledge had led to the 
foundation of cathedral and cloister schools; a sense of the use of 
accomplished professional men led to the encouragement of the philo- 
sophical and theological schools of Paris, the law school of Bologna, 
and the medical school of Salerno, The peculiar constitution of society 
and government at the period led to the peculiar form of incorporation 
adopted by the schools of Paris and Bologna. The same social neces- 
sities were working under the influence of similar social organisation 
in many different places, and must necessarily have led, even without 
communication, to similar results. But quarrels which broke out 

'y between the universities of Paris and Bologna and the civil 
authorities of these cities, induced the teachers and students at 
different times to emigrate in a body and settle in other towns. After 
the breach was healed, they returned; but in some instances celebrated 
teachers preferred remaining in their new place of settlement, and in 
others the government created a new university after their temporary 
visitors left them. Other universities owed their foundation to 
the desire of princes, ecclesiastics, or municipal authorities to dissemi- 
nate learning ; and others to a desire on the part of these authorities 
to procure for their territories a share in the wealth diffused by the 
resort of numerous foreigners to any celebrated school. Under the 
influence of motives so various, the growth of universities throughout 
Europe was rapid. Before the Reformation they were established in 
many of the principal cities of Italy, France, the Gernianic Empire, 
the Peni , Great Britain, and even among the Slavonic nations 
east of the Germans. In Great Britain the dates of foundation 
were :—Oxford, before 1149; Cambridge, uncertain; St. Andrews, 
1412; Glasgow, 1454; Aberdeen, 1494; Edinburgh, 1582; and Dublin, 
1591, are of subsequent foundation. ’ 

In all of these institutions we recognise the leading features of 
Paris or Bologna. All of them, apart from the consideration of 
their academic character, were privileged corporations, with an 
independent jurisdiction more or less limited, and the power of 

ing bye-laws. In most of them the division of the members of 

the corporation into nations prevailed. In all of them the faculties of 
philosophy (or arts), theology, law (civil and canon), and medicine were 
more or less fully developed. Some contained within them all the 
faculties; some only two or more. Almost all had a faculty of arts, 
which, even where it was politically the most powerful (as in the uni- 
versity of Paris), was regarded as in a great measure preparatory to, 
and therefore in its scientific character inferior to the others. In the 
universities of Nene te growth the privilege of conferring degrees 
appears to have claimed only in those faculties which were com- 
pletely organised; in the factitious universities created by govern- 
ments the right of bestowing degrees in all faculties appears to have 
been claimed, even where some of them only were completely 
orgatised. In some of these bodies the students constituted the 
corporation ; in others, the masters or teachers ; the former appear to 
have assimilated themselves to the model-university of Bologna; the 
latter, to that of Paris. The Italian universities, and the greater part, 
if not all, of the French universities, except Paris, were corporations of 
students. _The Parisian institutions were adopted in England, the 
Germanic Empire, and the states on the Baltic. Spanish universities 
have the appearance of being a compromise between the two principles: 
in Salamanca the rector was elected by the scholasticus of the cathe- 
dral from among the students, and the rector appointed the professors 
and fixed their salaries, This division of the old universities into two 
classes appears, like everything about those institutions, to have had 
its origin in the social necessities of the time and countries. The 
legal faculty predominated in the Italian universities, and the French 
universities were called ‘ universités des loix.” The universities of 
this type will be found to predominate in those countries in which the 
Roman law prevailed, as contradistinguished from Teutonic Germany 
and En; nk and the “ pays coutumiers” of France—in the countries 
in which the old Roman civilisation had never been entirely extirpated, 
as contradistinguished from those in which the Teutonic invaders 
formed the majority of the population. In the former there was a 
civilisation apart from the church; in the latter there was no civili- 
sation but what came through the church. In the former a 
and independent spirit prevailed: the universities were 
incorporations of grown men seeking secular learning. In the latter 
a spirit of clerical domination prevailed: the universities were 
corporations of teachers seeking to exercise the functions of 


CB. 
The universities founded after the beginning of the Reformation 
adopted the great outlines of the organisation of their predecessors : 


UNIVERSITY. 


URANIUM. 


the political incorporation, the ype 7 — jon and power of 
m bye-laws, the faculties and modes of conferring degrees which 
custom had established. But the altered circumstances of society 
modified considerably their external relations. The territorial divisions 
of Europe had come to be more ly defined, and the authority of 
the sovereign to be more en enforced by more perfect civil 
and military organisation. The = Gr feudal lords, of municipalities 
and other privileged corporations, each standing upon his or its defence, 
and acknowledging a limited and a hage pa mea to the mg oe 
liege, was past ; the day of great states, of territori its, had 
~ \ ald not be 


component parts of them, as curiw, vici, fora, conciliabula, and . 
From the Roman words universi Ml ty Corp, are Sena red 
spine pes toto ge i 


university, college, or which is not a juristical 
the sense above explain wherever these words are applied to any 
iation of persons not stamped with this mark, it isan abuse of 


come. The same political power could not and wo ded 
to universities that had formerly been given to them. The old were 
restricted in their privileges ; the new never réceived them. The pro- 
tracted strife between the Romish and Protestant churches also had its 
effect: universities, though no longer allowed A § down the law, were 
cherished as advocates of a party. Roman olic and t 
universities were erected to do battle for their respective creeds. 
Lastly, other sciences had had their practical utility recognised, in the 
same way as the sciences of law and medicine had had theirs at an 
earlier period. The application of mathematical science to the pur- 
poses of war and navigation had given an impetus to their cultivation : 
these new practical pursuits never produced a new faculty, but they 
lent greater importance to the miscellaneous faculty known as the 
faculty of arts. 

The number of universities founded in Europe from the time of the 
Reformation down to the French Revolution was considerable, But 
many events occurred during this period to lower universities in the 

blic estimation. The extension of elementary and secon schools 
had raised the standard of education among the classes which did not 
receive a university education. The invention of printing, increasing 
the facilities of private study, had operated in the same direction. 
The diminished privileges and restricted jurisdiction of universities 
- had brouglit them to be regarded merely as schools of a higher order. 
The increasing number of learned societies raised up a body of non- 
academical literati, hostile in many instances to the academical; and 
the public, looking only to the transactions of these societies, forgot 
that their members were indebted for their training to the universities, 
Amateur dabblers in science undervalued these institutions; and, in 
the feverish spirit of innovation which occasioned or accompanied the 
French Revolution, they too were denounced. In France the old 
universities have entirely disappeared. In the rest of Europe, as soon 
as the storms of the Revolution -were passed over, they revived ; and 
adapting themselves more to the social’necessities of the age, have in 
many instances started with increased energy on a fresh career of 
utility. In England two new universities, London and Durham, have 
been constituted, great improvements have been made in those of 
Oxford and Cambridge, and further reforms are about to be introduced, 
as well as into the universities of Scotland. 

In the United States of North America the medical and legal pro- 
fessions are educated principally in distinct schools; and this is in the 


latter country the case also in a great measure with the students of 
theology. e colleges or universities contain therefore in general 
only a faculty of arts. 


UNIVERSITY. This word is the English form of the Latin 
universitas, which is often used by the best Latin writers, The 
adjective “ universus Mle ype the whole of anything, as contrasted 
with its parts ; the pl “universi” also is often used to express an 
entire number of persons or things, as opposed to individual persons 
or things. The bor sg the word universitas may be derived from the 
meaning of univ: The word universitas applies either to a number 
of things, or of persons, or of rights, viewed as a whole. The Roman 
jurists expressed by the term “universitas bonorum” the whole of a 
property as contrasted with the parts (singule res) which coniposed it. 
Such a universitas might be the object of a universal succession, a 
term which signified the immediate passing from one person to 
another of all that could be comprehended w such a universitas of 
prope’ The Roman hereditas is an instance of such universal 
su ion. 

Rights and duties are properly attached to individuals as their sub- 
jects: but a number of individuals may be viewed for certain legal 
purposes as one person or as a unity, us the notion of a number of 
persons forming a juristical person, or a universitas, obtained among 
the Romans, and universitas was a general name for various associa- 
tions of individuals, who were also indicated by the names of collegia 
and corpora. The essential character of these universitates of persons, 
viewed as juristical persons, was the capacity of having and acquiring 
property. The property, when had or acquired, might be applied to 
any purposes which the nature of the association required : but it was 
the capacity of the association to have and acquire, like an individual, 
that was the essential characteristic of the body as a universitas; and 
the purposes for which the property might be had or acquired were no 
more a part of the notion of a universitas, than the purposes for which 
an individual has or acquires property are part of his capacity to have 


or acquire, 

The universities or corporate bodies at Rome were very numerous, 
There were tions of bakers, publicani or farmers of the revenue, 
of scribe, and others. Tho name was also applied in the sense above 
explained to civitates, municipia, and respublicw; and “also to the 


terms which requires no further comment. 4 

The word university, in its modern ion, has often been mis- 
understood. Its proper meaning is explained in this article; and the — 
application of the term to associations of teachers or pupils is explained 
in the article UNtvERsiT1es. ‘a 

UNLAWFUL ASSEMBLY. [Rior.] 

UNLIMITED. This term is frequently used by mathematical 
writers, in the same manner as INDEFINITE, to avoid the entrance of 
the word Ivrryrrz. It is also used to describe a problem which m 
shave an infinite number of answers, and which is called an unlimited } 

UNSTABLE EQUILIBRIUM. [Stasie anv Unstane ;StaBiiry.] — 

UPAS POISON. [Antrarm.] : ie 

URAMIL. [Uric Grovre,] 

URAMILIC ACID. [Unto Grovp.] 

URANIC ACID, [Uranrom.] ro 

URANIUM (U), a metal discovered by Klaproth, in 1789, who — 
named it after the planet Uranus, the discovery of which had occurred 
in 1781: the mineral from which it was first obtained is i 
pechblende, which contains about 80 per cent. of the black oxide < 
uranium (2U0,U,0,). This and other minerals from which 0 
ao e are described in the Narurat. History Drvistoy of this 

0 

M. Péligot obtains this metal by decomposing its chloride by means 
of potassium or sodium, a process which has been successfully ad. 
for comes PNET a magnesium as the metal so 

ly in the state .of a powder, partly agglomerated 
carefully detaching the portions which adhere to the sides 
crucible, plates of a metallic lustre comparable to that of 
obtained ; these are s ible of filed, but possess 
degree of malleability, and have evidently undergo i 
Uranium is very combustible ; at a moderate degree of heat, in 
with the air, it burns with a remarkably white and i 
seg occurs at so low a temperature, that it 
paper without causing it to burn. small particles I 
the filter on which the metal in powder has been collected, portions : 
minute as to be scarcely visible burn with brilliant sparks on coming 
near the flame of a When heated in a capsule, uranium burns 
brilliantly, and is converted into a deep green-coloured oxide, the bulk 
of which is considerably greater than of the metal employed. 

Uranium does not appear to suffer any alteration by exposure to the 
air, nor does it decom: water at common tem res, but when 

* into diluted ge it rg ves <3 them with the evolution of 
rogen gas. It somewhat resembles iron and manganese in its 
c oe var ger é = depen — is 60. : 
ving now descril e properties of uranium we proceed to con- 
sider the —— which it forms with other bodies, j 

Oxygen and Uranium.—According to M. Péligot, there exist, or may 
be formed, three oxides of uranium: the toxide, formerly con- 
sidered as metallic uranium ; that prepared pare te, the nitrate, 
known by the name of deutoxide of uranium, or uranous acid; lastly, 
the peroxide, uranic acid, which enters into the composition of the 
yellow salts, Besides these oxides, it is stated, by the chemist above 
named, that there are two suboxides of uranium uced by the 
decomposition of the subchloride by ammonia, an oxide 
mediate between Se and peroxide of uranium, which is formed 
when the oxide obtained by calcining the nitrate is submitted to the 
action of ox: ; 

Suboxide of Uranium (U,0,). When ammonia is added to a solution 
of subchloride of uranium a brown precipitate is formed, which 
undergoes various changes of colour and composition es ie: 
oxygen. Its éxtreme instability renders its sag 3 t 
decom: water, to combine with its o to form the apple-green 
suboxide, the analysis of which is equally difficult, 

Protoxide of Uranium (U 0), formerly regarded as metallic uranium. 

eral PS wer ; one of the best consists in 
uranium by hydrogen ; the process 
protoxide 
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not pyrophorie ; and when procured by decom 
protoxide is of a maroon colour. When thus pete | omer 
it is not acted upon either by hydrochloric or sulphuric 


Fd 


_ 


have not 


URANUS. 498 


diluted; but dissolves in the latter, when concentrated : nitric acid 
ee es fee oe 
i ined in the moist way, and then it 


adding ammonia to the solution of chloride of uranium ; the 
ae isofa edtek brown colour, which by ebullition becomes 
and dense, probably because it ato It ma — 
procured by putting fragments of marble into the green solution o: 
chloride of uranium. Med 
Black Oxide of Uranium (200, U,0,) is obtained by talcining the 


nitrate at a high temperature. It is not decomposable by heat ; when 


added to acids they do not directly combine with it, but a mixture of 
salts of the protoxide and peroxide is formed. : 
Olive Oxide of Uranium (UO, U,O,)—When any of the preceding 
oxides are submitted at a low red heat to the action of oxygen, the 
olive-coloured oxide is formed. It has a velvety appearance, and 
heated it loses oxygen and is converted into the black 
en acted upon by acids there is formed a mixture of 
Bente nd tae oon cree of the peroxide exist in the 


Peroxide of Uraniwm, or Oxide of the Yelow Salts (U,0,).—This 
oxide, which is of all the most important, is obtained with difficulty in 
a separate state: when nitrate of uranium is decomposed with a 
gentle heat, an orange-coloured subsalt remains, which by the applica- 
tion of a ‘heat becomes olivé and then black oxide; when an 
alkali is po into a saline solution of this oxide, the yellow pre- 
cipitate formed retains alkali in combination ; even uranate of ammonia 
resists the prolonged action of boiling water and also of a vacuum; by 
heat the ammonia and water are not expelled till peroxide itself under- 
goes decom: i 


eee focy sas cosnetees in the cool of the tube in 
very regular octohedrons of a metallic lustre, and of a black-or green 
colour according to their size. 

Chloride of uranium is volatile, and attracts water so strongly that 
it very soon becomes fluid by exposure to the air, the moisture of 
which also decomposes it. 

Subchloride of Uraniwm (U,Cl,)—This compound is obtained by 
passing a current of dry hydrogen over the chloride of uranium 

heated in a glass tube. The residue of this operation is of 

a deep brown colour, in fine filaments which are but tly volatile 
at the temperature at which it is formed: it is very soluble in water; 
the solution is le at first, but in a few seconds it becomes green ; 
it gives out hydrogen gas, and at the same time deposits a red powder, 
ode? probably oxide of uranium, yielded in consequence of the 

Sulphide of Dineiurs of binek saree oy obasinnd by adding 

rarium of a colour may be o! ry 
the alkaline ides to solutions of uranium, or by passing the 
of sulphide of carbon over the oxide at a high temperature. 
e shall now briefly notice some of the oxysalts of uranium. 
Sulphate of Protoise of Uraninm.—This salt is obtained by adding 


sulphuric acid to the oride of uranium, and heating the mix- 
ture, by which ic acid is expelled, and sulphate of uranium 
remains; by dissolving the residue in water, and evaporating the 
pig nye green prismatic of the a are ers 
uently pens the cry: possess a silky lustre, are 
and it ehenuy soluble in water; in this ‘ 


greenish, 


case they contain 
excess of base. This salt yielded by analysis :— 


Sulphuric acid . . . ? ° . + 28°0 

Protoxide of uranium . . ‘ ‘ « « 461 

Water . . . . . ‘ ° « 25°89 
100° 


Oxalate of Protoxide of Uranium.—This salt is of a greenish-white 
colour, and very slightly soluble in water either cold or hot. It may 
be prepared by mixing solutions of oxalic acid and chloride of ura- 
nium ; the precipitate formed is to be re ly washed with boiling 
water, in order to dissolve the yellow te of the xide, which is 
more soluble, and which is first precipitated. The } protoxalate of 
uranium, after being dried, may be exposed to the air without under- 


perceptible change. 
Aor Peroxide of Uranium (U,0,,NO,+6Aq.).—This salt is 
easily o' in fine regular crystals. It is of a yellowish colour, 
effloresces in vacuo, and loses half its water of crystallisation. 

Uranium forms a considerable number of double salts, which we 
t it requisite to describe. 

Peroxide of uranium is employed in colouring glass, to which it 
im; a fine lemon ye an 

RANUS, the next planet beyond Saturn, counting outwards from 

the sun. This im member of the planetary system was dis- 
covered by Sir William Herschel in the year 1781. On the evening of 
the 13th of March of that year, while examining certain small stars in 
the constellation Gemini, the attention of the astronomer was drawn to 
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a small star which appeared sensibly larger than those in its vicinity. 
With the view of testing the object he applied different magnifying 
powers to his telescope, whereupon he found that the apparent magni- 
tude of the star in question varied in the direct ratio of the magnifying 
power, while the stars around it when similarly surveyed by him 
exhibited only a slightly perceptible change of apparent diameter. 
Suspecting from this circumstance that the object was a comet, he 
proceeded to make careful observations of its position by measuring its 
distance from the stars near to it. A few nights only elapsed before 
he obtained undoubted evidence of the star being in a state of motion. 
It appeared to be travelling slowly in the order of the signs, in an orbit 
inclined at a small angle to the plane of the ecliptic, Having con- 
tinued his observations down to the 19th of April, he then drew up an 
account of them, and communicated it to the Royal Society in a paper 
which was read before that body on the 26th of the same month. He 
appears to have been under the impression that the object discovered 
by him was no other than a comet. 

Attempts were made by various astronomers on the Continent to 
determine the orbit of the supposed comet, on the hypothesis of its 
revolving in a parabola with a comparatively small perihelion distance ; 
but it was found impossible to represent the observed motion of the 
body im this manner, except for a very small arc of the orbit. At length 
Lexell, in a paper which he communicated to the Academy of Sciences 
of St. Petersburg, announced certain facts, which seemed to indicate 
that the object discovered by Herschel was in reality a planet. In the 
first place, it differed from a comet in being well defined. On the other 
hand, it did not exhibit the bright piercing light of the fixed stars, 
But while thus unlike a comet or a star, it exhibited several features 
which tended to support the idea of its being a planet. It was to be 
remarked that, like all the planets, it travelled in the celestial sphere in 
the order of the signs. Again, while it was actually situate near the 
ecliptic, its motion in latitude was exceedingly small, a circumstance 
which seemed to indicate that like the planets it revolved in an orbit, 
confined within the limits of the zodiac, But Lexell obtained still more 
convincing evidence in support of his suspicion that the object was a 
planet. Taking two extreme observations of its position, one of them 
by Herschel, dated March 17, 1781, and the other by Maskelyne, dated 

y 11, of the same year, he found that they might be well repre- 
sented by supposing the body to revolve in a circular orbit, the radius 
of which amounted to 18°93, the radius of the earth’s orbit being 
assumed equal to unity. Astronomers henceforward agreed in sup- 
posing that the object discovered by Herschel was in reality a planet 
revolving around the sun in the region beyond Saturn. It was soon 
found, however, that a circular orbit was incapable of satisfying the 
observations, and that the real orbit must be an ellipse of slight 
excentricity. Laplace, in 1783, first determined the elliptic elements 
of the planet’s orbit, which he communicated to the Academy of 
Sciences in the same year. 

The right of naming the new planet belonged to the discoverer, who 
proposed to call it the Georgium Sidus, as a mark of gratitude to his 
munificent patron George III., under whose auspices he was enabled 
to prosecute his astronomical labours. This designation, however, was 
at variance with the nomenclature hitherto employed in the planctary 

stem, and the name of Uranus, suggested by the German astronomer, 

le, is that by which it is usually designated. 

Herschel found by micrometric measures that the apparent diameter 
of the new planet, when viewed at its mean distance from the earth, 
amounted to 8”91. This gave 34,217 miles for the value of its 
absolute diameter. It was, therefore, after Jupiter and Saturn, by far 
the most considerable of the planetary bodies hitherto recognised as 
revolving around the sun. 

It appeared from an examination of the recorded observations of 
Flamsteed and several succeeding astronomers, that Uranus had been 
observed on several occasions, previous to its actual discovery as a 
planet in 1751, under the impression of its being a fixed star. These 
early positions proved exceedingly valuable in enabling astronomers 
speedily to determine the elements of the orbit with a degree of pre- 
cision which, from the slow motion of the planet, could otherwise have 
been expected to result only after the lapse of a considerable number 
of years. In 1790 Delambre obtained the prize of the Academy of 
Sciences of Paris for the construction of tables of the planet. These 
tables were founded on the observations made subsequently to the 
discovery of the planet in 1781, and on certain earlier determinations 
of its position. For several years they sufficed to represent the 
observed motion of the planet with tolerable precision, but eventually 
discordances became apparent, which continued to increase in magni- 
tude from year to year. In 1821 Bouvard published new tables of the 
planet. They were based exclusively on the observations made after 
the discovery of the — by Herschel, their author having found it 
impossible to satisfy by means of the same orbit both the earlier and 
the more modern observations. These tables continued for a few years 
to represent the motion of the planet with all desirable precision ; but 
they, in their turn, soon began to deviate from the results of observa- 
tion, and the discordances continued steadily to increase in magnitude. 
The reader is aware that the study of: these irregularities led to the 


ery of a new et beyond Uranus. In a preceding article 
(Nerrune] a detach acvoush has been given of the circumstances 
connected with this memorable triumph of science, 

KK 


400 URANUS, SATELLITES OF, UREA. 
The following are the elements of the orbit of Uranus :— In 1828, Sir John Herschel, having directed one of his 
Mean longitude, Jan. 1, 1800 © ale gw: CO? SORES reflectors towards Uranus, succeeded in a view of the two 
Longitude of the perihelion eS ete ate satellites distovered by his father. Having subsequently 
Longitude of the ascending node. . . 72°59' 21" executed a series of micrometric measures of their observed positions, 
Excentricity of theorbit . + . » «+ 0,0466704 * | he instituted a comparison bpeurons Siam sail the corveaeeee a 
Inclination of the orbit to the ecliptic + 46°28” of his father’s observations, and in this way he was to deduce 
Mean distance fromthesun . . « «. 19°18239 new values of the periodic times of the two satellites. He found the 
Time of a sidereal revolution =. - semeome ported ff the neous sstaiiip Sp Ue #1 16a 310%, snd WAN ot tae 
Mass in terms of the sun's mass asthe unit =. =. ‘ourth to be 13¢ 11 7" 126%, It will be seen that these results do 
There existe some uncertainty with respect to the muss of the | Herschel derived. Yom his researches, Mt, Lamont, Director. of the 
planet. The value was deduced by Bouvard from the | Munich 0! , having in the year 1837 made a series of observa- 
observed ons of Saturn, Lamont, from the observed elon- | tions of the same satellites with a refractor of 11 


gationg of the satellites, has determined the value of the mass to be 
sos No tables of Uranus have been published subsequently to the 
discovery of Neptune in 1846. A correct theory of the planet, with 
tables founded thereon, is still a desideratum in astronomy. 

be presumed that M. Le Verrier, who is at present in a syste- 
matic investigation of the theory of the various bodies of the planetary 
system, will in due time accomplish this important object. 

URANUS, SATELLITES OF. In the beginning of the year 1787 
Sir William Herschel discovered two satellites around Uranus. Having 
made a series of careful observations of their position with res: to 
the primary, he next proceeded to determine the elements of their 
orbits. The results of this pda eae are contained in a paper which 
he communicated to the iety in the following year. He 
— for the times of revolution of the two satellites these 

ues i— 


It is to 


Period of first satellite . . ° 
Period of second satellite . P 


He also determined the apparent distance of the second satellite 
from the centre of the planet to be 4423. The first satellite, that is, 
the satellite next to the , Was an object of such faintness that he 
was unable to arrive at a definite conclusion with to the a) 
rent distance. He however deduced the value of this element 

the periodic times of the two satellites, and the apparent distance of 
the second, by the aid of Kepler’s third law. In this way he found 
the apparent di of the satellite to be 33°09. In a paper which 
he communicated to the Royal Society in the year 1797, he announced 
two in ing facts with respect to the movements of those minute 
bodies. The was that their motions are retrograde, or, in other 
words, that their revolutions are effected in a direction contrary to the 
order of the signs ; the second consisted in this, that the orbits of the 
satellites are nearly dicular to the plane of the ecliptic. 

In the same paper Herschel announced his discovery of four addi- 
tional satellites around the planet. This made the number 
of satellites revolving around the planet to amount to six. The follow- 
ing values of the periodic time and distance of each satellite were 
Se ee The distances are expressed in terms of the semi- 

of the planet :— 


Order of Distance from Periodic time, Distance from 
the Planet. a. h. m. the Planet. 
lst satellite . : - § 21 25 13°120 


ET eo te Mar Le Ute | 
- 1023 4 
. 13211 5 
Ms : . 38 149 45°507 
set) Mg Sg at ee ae 91°008 


It will be seen from this table that the two satellites originally dis- 
covered by Herschel-are the second and fourth, counting in the order 
of distance from the primary. The periodic times and distances of 
these satellites were satisfactorily determined by an investigati 
founded on their observed positions, The case, however, was. it 
with respect to the other satellites. The distance of the first satellite 
was indeed the result of micrometrical measures, but the distances of 
the other satellites were mere estithations. The orbit of the third 

to bisect the linear interval between the second 
ites; the fifth satellite was supposed to be twice as 
as the fourth ; and the sixth satellite to be 

ic times of the four satel- 
the elements of the second and 


Society in the 


of Uranus, It appeared from his observations that the planet passed 
through the common ascending node of the satellites on the 12th of 
March, 1798. He hence determined the longitude of the node to be 
165° 30’. He also obtained 78° 58’ for the inclination of the orbits of 
the satellites to the ecliptic. On the same occasion he determined 
anew the synodic revolutions of the second and fourth satellites, which 
he found to be 84 16" 56" 5°2*, and 134 11" 8" 59* ively. He 
retained his belief with itional 


17°022 
19°845 
22°752 


i 
/ 


panko’ by 0 cme Ee iam neaing vapacah 
erschels, values 6 times very closely 
deduced by Sir John Herschel, Seabee! 
Recently, Mr. Lassell has discovered two satellites revolving 
the orbit of Herschel’s second satellite, but neither of-which 
to coincide with Herschel’s first satellite. He has 

i at the same 


i 


ib 


ea! except 
ollowing synopsis may be useful :— 
Order of Distance Name of Time of Revolution, 
from Primary. Satellite. ah. m 8 
1 . . » Ariel . . « 212 28 48 
2. . . Umbriel . « « 4 327 22 
8 . . + Titania . + 8 16 56 81 
4. . + » Oberon . » «11 718 
URATES. [Unie Grovr.] = 
UREA (C,H,N,0,). The essential solid constituent of urine. Con- 
taining nearly half its weight of nitrogen, it forms the chief vehicle for 
the final concentration and elimination of that element from the animal 


organism. Produced in the blood by the oxidising action of 
air on albumen and other nitrogenous forms of assimilated Pres etc 
exhausted tissue, it is removed from the blood by the kidneys, and is 


finally excreted in the urine. 
Urea was first from urine in 1773, by Rouelle; in 1779, 
Though now 


syrupy consistence, and about an 
strong nitric acid added to it, The mass of 
urea, thus obtained, are 
frees them from mother 


or alloxan ; on treating f mercury or silver with sulphu- 
retted h ; from ammonia and carbonic ether, or ammonia 
oxychloride of carbon. A method of greater interest than any of the 


oxidising action of a solution of permanganate of potash at a tempera- 
ture of 176° Fahr. 

But the most convenient and economical process for producing urea 
artificially, is that in which an aqueous solution of of ammonia 
has simply to be heated to near the boiling point, when transformation 
into urea at once occurs :— 


NH,O,NC,O = (,H,N,O, 
Cyanate of ammonia, Urea. 


This close relationship of cyanate of ammonia to urea was first noticed 
by Wohler and Liebig in a research on the cyanates. ramteeie 
ats the details of the proces i Sa ene 

ultimately urea, is obtained. ype rand ogy of well-dried ferro- 
cyanide of potassium and fourteen of binoxide of manganese are finely 
powdered and intimately incorporated ; the mixture is then spread out 
on an iron plate, and exposed over a furnace containing a dull red fire. 
The mass soon und a smouldering combustion, a oxygen 
from the binoxide and, especially if frequently stirred, from the air. 
When combustion has ceased the mixture is removed, allowed to be- 
come quite cold, is then treated with cold water, filtered, and the 
residue washed, To the washings twent, and a halt parte of wulphato 
of ammonia are added, and the first filtrate then in. 


ssl ee ce ame 
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operation; the cyanogen of the ferrocyanide was, however, 
ss ound a the ee Une andy the ne mea io ean el 
vapor 


dry urea, which is 
digesting in hot alcoho coool sligesteng to 10 or 15 per cent. of 
water. 
to the extent of 33 per cent. of the ferrocyanide of potassium 
Should the solution of sulphate of potash have a yellow colour, 
be due to undecomposed oath ieee of . In that 
of iron must be added prussian blue no longer pre- 
en be tates tate Resin gredbee ge 7 


bal 
aut 


tre urea in colourless, inodorous, transparent, four- 
sided prisms. It has a saline taste somewhat like that of nitrate of 
potash. It is soluble in its own weight of water, and requires five 


Falsohok but only one part of boiling alcohol, to dissolve 

ess soluble in ether, and insoluble in oil of turpentine. 
the air it becomes somewhat moist; melts when heated to 
250° Fahr., and at higher tem: yields ammonia, carbonate 
of ammonia, BIvRET and Metanuric Act. J Solution of urea is stable 


ce 
a 
ack: 


C,H,N,0, + 4HO0 = 2(NH,O, CO,) 
jE Fee 


Urea, Carbonate of ammonia. 


nitrate of we Ss '.N,0,, HO, NO,) has already been described ; it 
transparent rhombic Peeillorete or leaflets, only slightly 
iitia fa weber, dieckal, te witrio ace. ‘ydrochlorate of una (C,H, 
8 N. M04 HCl) is a deliquescent unstable salt, formed when hydrochloric 
+ is passed into urea. A subhydrochlorate (2C,H,N,0,, HCl) crys- 
t sallieoe in long transparent blades from a solution containing the pro 
uivalents of each compound. Oxalate of wrea (C,H,N,O,, HO, C,0,) 
falls as a crystalline, almost insoluble, precipitate when excess of strong 
solution of oxalic acid is added to solution of urea ; it may be obtained 
prisms. it is probable that 


C.H,N, 
mercuric oxide 
mai Preciiate Arab ‘when solution of mereurie' chloride is le is 
to soluti nular 


Bee, tee cases coon: on ths 


used instead of chloride. 
with metallic salts. Solutions of urea and 
“4 Se raining Cho NO, OHN.O) over sulphuric acid, 
Pi ral containing AgO, NO,, C,H,N,O,) and ( (2 Mg, NO,), 
Li cos it dds ce nics teas ot mercuric nitrate added to 
ion of urea, gives a granular precipitate containing (4HgO, 
C,H,N,0,); if the mercuric nitrate be added in excess, and the 
mie maintained at a tem: ranging from 104° to 122° Fahr., 
os gle, occurs in six-sided prisms, and the composition 
(ig0, es he sae N,0,); if the mercuric nitrate be acidulated with 
of nitrate of urea be added until a precipitate 
pag toe solution —— shining rectangular tables of 
(2 Het Hig0, NO,. CH O,). Double nitrates of urea and soda, baryta, 
lime, and mages ve also been obtained. 
As already indicated, urea is formed by combina- 
tion of ammonia (NH,) and cyanic acid (C,H.N 0,):— 


NH, + C,(H)NO, = C,(H,)N,O, 
Sah BA), 
Ammonia. Cyanic acid Urea (ordinary). 
(cyanate of hydrogen), 


the place of cyanic acid—or cyanate of hydr as, for the sake 
a analogy, it may be more conveniently tetas Ser oohente of some 
other than hydrogen, be taken, an urea will be obtained con- 
cea aiet "the cyanate used, in the place of one of the four 
of hydrogen in common urea. Thus :— 
= Cs(CaHs, Hy)Ny0, 


NH, + ©,(C,H;)NO, 


Cyanate of methyl, Methyl-urea. 
NH, * C,(C,H,)NOs = C,(C,H;, Hy)N,0, 
& a / & comet 
Cyanate of allyl. Allyl-urea. 
NH; + Cx(Ci2Hs)NO, ie C,(C, pe H,)N20, 
- Cyanate of phenyl. Bhonyl-aren 
carbanilamide), 


4 a sulphocyanate be used, a sulpho-urea will of course be pro- 
iuced :— 


NH; + C,(CoH,)NS, = C(CoHs, H;)Na8s 
“Wr 
Sulphocyanate Sulphallyl-urea 
of allyl. (thiosinnamine). 
NH, + C,(C,,H;)NS, = C,(C,,H;, Hs)NoS2 
Nt vv i & v a 
Sulphocyanate Sulpho-phenyl-urea, 
of phenyl, 


And if now in the place of ammonia itself, a derivative of ammonia 
(monamines, &c.) be acted upon by the cyanate, ureas are formed in 
which two, three, or even the four equivalents of hydrogen in common 


urea, are replaced by compound radicals. Thus :— 
NH,, C,H, + C,(C,H;)NO, = C,(2C,H;, H,)N,0, 
ue —Y cL “7 7) L “7 J, 
Ethylamine. Cyanate of ethyl. Diethyl-urea, 
NH,,C,.H, + ©,(C,,H;)NO, = C,(2C,,H;, H,)N,0, 

, SESE ~ 4 & vv e Xv \y J 
Phenylamine, Cyanate of phenyl. Diphenyl-urea (flavin). 
NH,, C,H, + C,(C,H,)NO, = C,(C,H;, C,H, H,)N,0, 
— & - , & <—— eS 

Methylamine. Cyanate of ethyl, Metbyl-ethyl-urea, 
NH,, C,H, + C.(C,H;)NO, —- C,(C,H;, C,H,, H.)N,0, 
eee heenemip B ue os v) 
Ethylamine, Cyanate of allyl. Ethyl-allyl-urea, 

NH,,C,),.H; + C,(CyH;)NO, = Cs(CoH,, C,H;, Hy)N202 

Sa / & — J 

Phenylamine. Cyanate of ethyl. Phenyl-ethyl-urea, 


Os(CoHs)NS 


C,(C,Hs, CoH;, H)N 28a 


NH,,CjH, + 
a 


yg oe A 
Ethylamine. Sulphocyanate Sulphethylallyl-urea, 
of allyl, 
NH, CjsH; + Cy(CgH;)NS, = C,(C,H;, C,.H;, Hy)N.S, 
ee rears. gueave xt 7 af = a * 
Phenylami Sulphocyanat Sulphallyl-phenyl-urea. 
of allyl. 
NH, C,H, 9” + C,(C,H,)NO, = C,(C,H,, C, oH, 0” H)N,O, 
u ey 7) v yd v 7 2 
Piperidine. Cyanate of ethyl. Ethyl-piperyl-urea. 
N(C,Hs)5 + C,(C,H;)NO, = C,(C,H;),N.0, 
eee aed Cees p y) Ne “Y st 
Triethylamine. Cyanate of ethyl. Tetrethyl-urea. 


Compound ureas are also prepared by the action of water on cyanates 
of radicals, Thus :— 
2C,(C,H,)NO, + 2HO = 2C0,° + 


€,(2C,H5, Hy)N,0 
—_ 


Ka— aT) 
Water. Carbonic acid. 
+ 2HO = 2C0, + 


u—.-—_— 
Cyanate of methyl. 
2C,(C,H,)NO, 


Dimethyl-urea, 
Cy (2C,H,, Hy) N20, 
ye ee) 


Cyanate of allyl. Diallyl-urea (sinapoline). 


The hydrogen in urea, at least one equivalent of it, may also be 
replaced by negative radicals. The general method of formation of 
these wreides, so called in allusion to their amidic analogy, is the reac- 
tion of urea on the chloride of the negative radical, hydrochloric acid 
being eliminated. Thus are obtained :— 


Acetyl-urea or acetureide . 
Butyryl-urea or butyrureide 

Valeryl-urea or valerureide . 
Benzoyl-urea or benzureide + + C,(C,,H,0,, H3)N,0, 


Constitution of urea, Urea is now generally considered to be a 
diamine ; that is, diammonia, in which two equivalents of hydrogen 
are replaced by the diatomic radical carbonyl (C,0,") :— 

F C,0,” 
Hy 
2 


Obyiously,,any of the compounds already erat 9 in this article 
could be formulated on the typical diagram N, it %, R being any 


radical ; the formula of several ureas will, in fact, be found so written 
in the article Oncanto Bass. 

Estimation of wea, The amount of urea in a specimen of urine is 
often required to be known by the physiologist and pathologist. It 
was ly determined in the state of nitrate or oxalate, a known 
quantity of urine being taken and tréated in the manner already indi- 
cated ; results so obtained, however, have been shown to be very 
inaccurate. Ragsky and Heintz proposed to take advantage of the 
facts, that urea is decomposed into ammonia and carbonic acid when 
boiled with strong acids, and that ammonia may be ‘estimated by bichlo- 
ride of platinum, the weight of which would indicate the urea present 
in the quantity of urine acted upon; this method, however, is not 
Ghtvenally applicable. Bunsen takes a weighed quantity of urine, 
mixes it with an ammoniacal solution of chloride of barium, seals it 


od C,(C,H,0,, H;)N,0, 
C,(C,H,0,, H,)N,0, 
+ Cy(C, 9H,O2, Hy)N,0, 


C,H,N,O, = | 


w 


_ 


_ of known strength. 


> 

; 
a 
4 
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memreeeetz in » glans tabs, gud heats it to a temperature of from 
250° to 460° Fahr. for several hours; carbonate of baryta is thus pro- 
duced, the weight of which indicates the amount of urea ori 

t, inasmuch as urea is under these circumstances always split up 
into ammonia and carbonic acid: this gives accurate results, 
but requires too much chemical skill experience to be very gene- 
rally applicable. Liebig’s process for the estimation of urea (and 
chloride of sodium) in urine is the one now always used. It is a 
volumetric method, and depends upon the facts ly mentioned 
concerning the combinations of urea with nitrate of peroxide of 


mercury. 

From the following details it will be found that certain standard 
solutions have to be made ; these require time and care, but, when once 
obtained, the actual analytical operation is one requiring a few minutes 
only and is very easy of execution. Solution of mercuric nitrate 
occasions a white precipitate in pure solutions of urea, but not in such 
impure solutions as urine ; this is because chloride of sodium is present 
in the urine, and the chlorides of the metals of either the first or second 
groups decompose mercuric nitrate, mercuric chloride, which does not 
precipitate urea, being formed. But on adding mercuric nitrate to urine 
until the whole of the chloride of sodium is converted into nitrate of 
soda, further addition will cause a precipitate because nitrate instead of 
chloride of mercury will then come in contact with the urea. Obviously 
now if the strength of the mercuric nitrate solution—which may be 
distinguished as No. 1—be known, the amount of chloride of sodium in 
the urine will be at once indicated. The means by which the No. 1 
solution is standardised will be given presently. It might be thought 
that the further addition of the same mercuric nitrate until no more 
precipitate falls, a point easily ascertained, would afford the means of 
determining the amount of urea present; but it is not so, probably 
because the mercuric chloride formed would keep some of the urea in 
olution, a definite compound of the two having, in fact, been pro- 
duced. The exact amount of chlorine in the urine therefore having 
‘been thus determined, it must now be got rid of by adding to a fresh 
portion of urine the requisite quantity of a solution of nitrate of silver 

“the chloride of silver having been separated by 
filtration, the filtrate is treated with mercuric nitrate solution (No. 2) 
until the whole of the urea is precipitated, a point that is ascertained 
by the yellow colour produced, on putting a drop of the mixture con- 
taining the precipitate on to a drop of carbonate of soda solution placed 
on a white plate; the yellow colour (mercuric oxide) simply showing 
that mercuric nitrate is then in solution, a state of things that ob- 
viously cannot occur so long as urea exists in the liquid. 

The only remaining fact to be noticed in connection with this pro- 
cess, before describing the method of preparation of the standard 
solutions, is that phosphoric acid and phosphates must be removed 
from the urine before commencing the analysis; this is readily accom- 
plished by adding to any portion of the urine half its bulk of a mixture 
of two parts of cold saturated baryta water, and one part of cold 
saturated aqueous solution of nitrate of baryta, and filtering; remem- 
bering, of course, that only two-thirds of the filtrate is urine. The 
filtrate will probably be alkaline from excess of baryta, if so, nitric acid 
must be added till it is exactly neutral to-test paper, and the determi- 
nation of chloride of sodium and urea then proceeded with. The 

uantity of the filtrate most convenient for manipulation is. 225 grains 

=150 grains of urine) for determining the chloride of sodium ; and 
450 grains (=300 grains of urine) for determining the urea, The 
indicated number of grains of nitrate of silver solution having been 
added to the 450 grains just mentioned, exactly one-half of the filtered 
product (=150 grains of urine), is the quantity recommended to be 
used for estimating the urea by the No. 2 mercuric nitrate solution. 

Solution of mercuric nitrate is obtained on dissolving pure mercury 
in nitric acid, and boiling until the solution gives no indication of mer- 
eurous nitrate on the addition of alkaline chloride. It is then evapo- 
rated to dryness over a water-bath and redissolved in seven or eight 
times its bulk of water. For the No. 1 solution above described, the 
strong liquid just mentioned is standardised by pure chloride of 
sodium; and for No.2 by pure urea. Pure chloride of sodium solu- 
tion is procured by digesting excess of pure rock-salt in distilled water 
for one or two days, the whole bein oceasionally well agitated : 
100 water grain measures of such a solution contain, at all ordinary 
tem ures, 31°84 grains of chloride of sodium: 150 frain measures 
of this solution of salt are mixed with 45 grain measures of a solution 
of pure urea containing about 4 per cent. of that substance, and also 
ith 75 grain measures of a cold saturated solution of pure sulphate of 
soda; the solution of mercuric nitrate is then to be added to the mix- 
tare until a distinct permanent precipitate is formed, The number of 
grain measures of mercuric nitrate solution added corresponds, of 
course, to 4776 grains of chloride of sodium: it must then be so 
diluted that 100 water grain measures may correspond to one grain of 
“chloride of sodium, the resulting liquid being mercuric nitrate solution 

No.1. The No, 2 solution is prepared by adding the strong mercuric 
nitrate solution to 150 grain measures of distilled water contai 
exactly 2 per cent, ged urea until a yellow colour is produced, wit! 
carbonate of soda in the manner already indicated ; the strong solution 
must then be diluted until 100 water grain measures exactly correspond 
to one grain of urea. , the nitrate of silver solution, employed 
for removing the chlorine of the chloride of sodium in urine after the 


dissolving 174°36 grains of fused nitrate of silver in wate 


ly ed dieting til the whole amounts to 6000 grain measures; 100 water _ 
See mevensres 0b She rene tieg tae will coneaien Pine 1 of, 


um, 
UREA, ESTIMATION OF, [Uneza.] 
UREAS. [Urza, 


URETHANE. [Carpamio Actp.] 
URETHRA. LADDER, DiskaSES OF THE. } 
URETHY E. [(Carsamic Acip.] 


or 
ers of uric acid, Next to uric acid itself the products of its 
artificial i uch as 


of the human frame prior to their elimination as urea. Thus uric 
plus moisture and oxygen yields urea and a 


acid contains no nitrogen, the latter element having thus 
been thrown out from uric acid as urea, It is 
c or a similar one, occurs naturally in animals; for although 


: 


spleen, of the dog; and Professor Haughton, who has paid considerable 
attention to the physiology of this body, says that “no uric acid what- 
ever should occur in the urine of man in 
nitrogen of the urine should pass off in 
highly oxidated product than uric acid.” 

e following list includes nearly all the members of the uric group. 


e form of urea,—a more 


to be simplified by assuming that body to contain the ’ 
(uryl) or cyanoxalic acid (C,N,0,=C,0,Cy,) ; that is, oxalic 


anhydride, 

ratio pal daa Saree in Mie pile ping et 
but uril has not been isolated, and its usef ess is very slight. 

Uric (lithic) acid 2... 
Uroxanic acid. . 


. 2HO, C, HN, 0, 
. + 2HO, C, H,N,0,, 


Alloxan . Sei: . . - C,H,N,O,, 2 aq. 

Dialuric acid. . + « HO,C,H,N,0,; ~ 

Uramilic acid . . . + Cy gH, oN,0,5 

Alloxantin , . * a + « CysH,N,Og+C,H,N,0,, 549. 
Alliturie acid. . sie + C.HyN,O, 


Diliturie acid. . . +. 
Amalic acid (dimethyl-alloxantin) . C,,(C,H ;),N,0,, 


Alloxanie acid . . . . 2HO, CgsH,N,O, 
Leucoturic acid . . : - » CyHsN,0,?t 
Difluan . . . - . . CoH,N,O, ? 
Mycomelic acid . . « + +» HO, CyH,N,Oz, aq. 
Mesoxalic acid b ri ‘ « 2HO, C04 
Parabanic acid. ‘ * . .» 2HO, C,N,0, 


Oxaluric acid . : . 
Uranil (murexan or dialuramide) . 
Thionuric acid « + «+ +» 2HO, C,H,N,O,, 280, 
Murexid (purpurate of ammonia). . Cy,H,_N, 0, 
Allantoin > aac) 44a + CgH,N,O, 


. HO, C,H,N,0, 
H,N, C,H,N30, 


Hidantoicacid . . «. « « HO, C,H,N,O, 
Allanturic acid . HO, C, ,H,N,0, 
Lantanurie acid... . .« HO, C,H,N,O, 
Xanthic (uric) oxide or urous acid . C,,»H,N,O, 
Hypoxanthin . . +. « «+ CygH,N,O, 
Guanine 5  . + «6 » « CypHsN,O, 
Cystin «© «© « + +» « C,H,NO,8, 


Uric Acid (2HO,C,,H,N,O,).—This substance, sometimes called 
lithic acid, was discovered by Scheele ; Vauquelin afterwards found it 
in the excrements of serpents, Brugnatelli in that of silkworms, and 
Roubiquet in cantharides, ; 

Uric acid is secreted by carnivorous animals, birds, and by several 
insects. When in excess, it is deposited from human urine as a 
brownish-yellow powder, which is usually a compound of uric acid and 
ammonia. It occurs, in combination with soda or ammonia, in those 
gouty concretions commonly called chalk-stones, and it tutes the 
principal portion of the calculi deposited in the human bladder, The 
semi-solid urine of ie oy and birds is chiefly composed of urate of 
ammonia; and guano, decomposed 
which is imported from some islands in the Sou’ 
used as a manure, contains a large quan 

This acid is ° 
serpentsa—the boa 


Sea and extensively 
tity of urate of ammonia. 
btained by dissolving the excrement of 
r, for example—in a solution of potash, 
ani decomp ea e clear solution by the addition of 

acid. It may be obtained from the excrement of pigeons and 
other birds the same process. According to Liebig, it is better to 
employ borax as a solvent than a caustic alkali, it ving leas of 
the animal matter. On the large scale, as a source of murexia as a 


amount ofthe latter has been indicated by the No, 1 elution, de pre | 
” 


Alloxan plus moisture furnishes urea and mesoxalic acid; and mesoxalic — 
that this 


in the” 


ect health, but all the 
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popes aquatic birds, and — 


1. 


= 


‘ee 


aa 
: 


a ee 


. 
5 
oa 


an 


_ when cold, and 
reddens 


hy 


URIC GROUP. 


URIC GROUP. 506 


ent, uric acid is obtained from guano, which is treated first with 

ydrochloric acid to remove carbonates and phosphates of lime, mag- 

then with boiling caustic soda, which dissolves 

gypsum, &c. ; and the alkaline solution 

finally treated with hydrochloric acid, which precipitates the uric 
} rt for conversion into murexia. 


inodorous and insi) 


than water. 
Uric acid, when submitted to destructive distillation, yields the 
, cyamelide, cyanie acid, cyanuric acid, 
little carbonate of ammonia, and a brown carbon- 
much nitrogen. In this decomposition the 
ydrated eyanic acid and ammonia combine in the neck of the retort 
and formurea. Thecyamelide dissolvesin potash, and yields cyanurate 
of h. 
uric acid is heated with a little water to 392° Fahr. ina 
closed tube, it is converted, without any disengagement of gas, into a 
yellow transparent liquor, which becomes a yellow gelatinous mass 
when it cools; this is soluble both in cold and hot water: the alkalies 
evolve ammonia from it, and with the acids it produces gelatinous 
precipitates; with hot nitric acid it effervesces, and the solution by 
vaporation yields a reddish yellow mass, which ammonia renders 


Hydrate of potash when fused with uric acid produces carbonate of 
potash, cyanate of potash, and cyanide of potassium, When boiled in 
water with peroxide of lead, it is converted into allantoin and oxalic 
acid, urea being set free. 

Saline combinations of Uric Acid.—Uric acid is dibasic, and forms 
neutral and acid urates. The urates of the alkaline metals and of the 
alkaline earths are but slightly soluble in cold water, but very soluble 
in boiling water; an excess of alkali increases the solubility; the 
urates are generally colourless, and are all decomposed by acids, even 
by the acetic acid ; the uric acid, which is set free, is at first gelatinous, 
but soon assumes the form of fine brilliant lamin. 

Urate of Ammonia (NH,O, HO, C,,H,N,O,).—The acid salt is the 
only one known. Urinary calculi i 


(Caxcutt.] 
Urates of Potash.—The neutral salt (2KO, C,oH,N,0,) is 


by the excrements of serpents in a weak boiling solution of 
potash; the insoluble portion being separated by filtration, urate of 
potash is obtained as a w ine mass by evaporating and 


cooling the solution; this, after washing with cold water, is converted 
ing into a brilliant powder, composed of very fine needles. 
salt is very slightly soluble in cold water; the solution has an 
alkaline reaction. ing carbonic acid through its solution, acid 
urate of potash (KO, HO, C,,H,N,0O,) is deposited. 

Urates of Soda—According to Dr. Wollaston, gouty concretions 
consist principally of these salts. They may be prepared in the same 
way as the urates of potash ; the reactions are similar. Urate of soda 
formed when uric acid is boiled with borax. 

Urowanic acid (2HO,C,,H,N,O,,). When uric acid is boiled for a 
long time with caustic asmall quantity of it, by assimilation of 
six equivalents f pete’ va - OHNO, into ie new acid termed uroxanic. 

roxante i +6 Aq.) is very soluble in water, 
may be obftined in rhombie tables; from its solution hydrochloric 


but 
acid precipitates uroxanic acid in microscopic 3 boili 
water decomposes it, carbonic acid Teng evolved. on 
Alloxan (C,H,N,O,+2 and 8 Aq.) This is the chief product of the 
iy cold nitric on uric pore hry Ses ee is added to the former 
in quantities at a time, car! id and nitrogen escape, pro- 
ducing brisk effervescence, heat is evolved, so that it is st 
to artificially prevent undue elevation of temperature, 120° 
Fahr. being the maximum point to which the mixture should rise. 
After a time crystals begin to form in the liquid and, on repose, octo- 
alloxan separate out. They contain two equivalents of water, 
but from resolution in water crystallise in prisms containing eight 
equivalents of water. 


C,H5N,0, + 2H8 = C,H,N,O, + Se 
henteia ymin evel 


ee, 
Alloxan, Dialurie acid. 


occasionally consist of this com- |~ 


The dialuric acid is crystalline, and forms crystallisable salts. 
Gregory’s wramilic acid (C,,H,,N,0,,) seems to be the bidialurate of 
ammonia. 

Alloxantin (C,,H,N,O,,+6 Aq.) is formed on adding together 
solutions of equivalent proportions of alloxan and dialuric acid, and 
would seem to be a compound of those substances. It may also be 
formed by the action of several reducing agents on alloxan. It occurs 
in small colourless rhomboidal prisms, slightly soluble in cold water, 
rather more so in boiling water; oxidising agents reconvert it into 
alloxan. Boiled with hydrochloric acid it yields white, pulverulent, 
alliturie acid (C,H,N,O,) and diliturie acid, which has not been full 
examined. The dimethyl derivative of alloxantin is identical with 
amalic acid. [CAFFEINE.] 

Alloxanic Acid (C,H,N,O,,) may be considered as alloxan plus two 
equivalents of water. It is a product of the action of bases upon 
alloxan, and may be isolated on treating an alloxanate with a stronger 
acid. By evaporation it is obtained as a semi-crystalline mass, of 
unstable character. Its aqueous solution, by ebullition and evapora- 
tion to near dryness, splits up into leucotwric acid (C,H,N,0, ?) which 
dissolves on rediluting with water, and a white, insoluble, slightly acid 
powder termed difluan. Some of the alloxanates crystallise readily. 

Mycomelic Acid (HO,C,H,N,O,, Aq.), or alloxanamide,“is formed 
when a solution of alloxan in ammonia is boiled and cooled slowly. 


C,H,N,O, +~ 2NH, HO,C,H,N,O, + 4HO 
ue-_ ——ae 


Alloxan, 


Mesoxalic Acid (2HO,C,0,). Where solutions of alloxanates are 
boiled for some time, they break up into urea and mesoxalic acid :— 


2Ba0, C,H,N,O, + 2HO 2Ba0,C,0, + CyH,No0, 
" u~$_— 


Mycomelic acid, 


bears RET ES 
Alloxanate of baryta, Mesoxalate of baryta. Urea, 


Mesoxalic acid may be isolated from the baryta salt by sulphuric acid 
or from the lead salt by sulphuretted hydrogen. It is very soluble in 
water, but may be obtained in crystals. The silver salt is decomposed 
when heated, brisk effervescence of carbonic acid and carbonic oxide 


occurring. 

Parabanic Acid (C,H,N,O,) may be obtained in flat colourless 

— on evaporating the nitric acid with mother liquor of alloxan. 

t is permanent itself, but forms unstable compounds with bases. The 
parabanate of ammonia, for example, decomposes during evaporation 
the ammonia salt of oxaluric acid (NH,O,C,H,N,O,) being formed. 
The latter occurs in brilliant crystals, and is interesting from the fact 
that dumb-bell erystals of oxaluric acid—at first mistaken for oxalate 
of lime—are sometimes met with in urinary deposits. 

Phenyl-oxaluramide or oxaluranilide, (C,,H,N,0,) is a white crystal- 
line powder. 2 
Thionuric Acid (2HO,C,H,N,0,,2S0,). Solutions of alloxan, 
sulphite of ammonia, and ammonia, combine together when boiled, 
thionurate of ammonia crystallising out on cooling in brilliant leaflets. 
The lead salt decomposed by sulphide of hydrogen furnishes an acicular 
mass of thionuric acid. 

Uramil (NH,,C,H,N,0,) murevan or dialuramide. When a hot 
saturated solution of thionurate of ammonia is treated with hydro- 
chloric acid in excess, the mixture is converted into a semifluid mass, 
The uramil thus obtained is in the form of plumose acicular crystals, 
which are ent in the air, and become of a pink colour when 
heated ; they are insoluble in cold and but slightly soluble in boiling 
water. The alkalies dissolve uramil, and acids precipitate it from them 
unchanged. The solutions in ammonia and potash become of a purple 
colour by exposure to the air, and bo pre green acicular crystals of a 
brilliant metallic lustre. If the po solution be boiled, ammonia is 
evolved and uramilie acid is formed; dilute acids produce similar 
decomposition. It is soluble in concentrated sulphuric acid, and is 
precipitated from it by water ; by concentrated nitric acid it is resolved 
into alloxan, with the evolution of hyponitrous acid, and the formation 
of nitrate of ammonia. 5 
 Murexid (C.,H,.N 109 ?), purpurate of ammonia of Dr. Prout, This 
substance may be obtained by several processes, The least operose is 
probably that of dissolving uric acid in dilute nitric acid, evaporating 
the solution till it assumes a reddish colour; after the liquor has 
cooled to 158° Fahr., add excess of ammonia; then dilute it with half 
its volume of boiling water, and allow it to cool. Care must be taken 
not to employ too much or too little nitric acid. Whilst ammonia 
continues to give a red precipitate, when added to small portions, the 
nitric acid is insufficient. If, on the con , ammonia produces a 
glairy yellow precipitate, murexide cannot be obtained without passing 
a current of hydrosulphuric acid into the liquor. 

Murexide crystallises in short four-sided prisms, which exhibit a 
green metallic reflection, They are garnet-red by transmitted light. 
Itis very little soluble in cold water, and gives it a magnificent purp ish 
red colour. It dissolves readily in water at 158°, and crystallises from 
the solution unaltered. It is insoluble in alcohol and in ether, It is 
insoluble also in solution of carbonate of ammonia, but dissolves in a 
solution of potash, producing a superb indigo-blue colour, which 

isappears by heat, with the evolution of ammonia, 
urate of Potash.—According to Fritzche, this is best obtained 


“ee 
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decomposing a boiling solution of purpurate of ammonia by means 
excess of nitrate of potash. This consists of very small 


reddish-brown ; it may however obtained in large 

which have Kecerreatt and lustre of the ammoniacal one 
difficultly soluble in water, and much less so in saline solutions, and 
hence the advantage of using excess of nitre in preparing it. It 


The purpurates of lime, baryta, and strontia are still less soluble than 
those above described; they are of a deep 

dissolved in water they impart a purple colour to it. There are two 
salts of lime ; pened By ab al et crystalline 

other, which is greenish-black, appears to be a subsalt. The purpurate 
of magnesia is very soluble. 

When of ammonia is added to a solution of metallic salts, 
the effects produced are as follows :—Cobalt, a granular reddish 
precipitate ; rn fine yellow; tin, a oom precipitate ; ee 

ts, a le precipitate ; persalts, a pale rose precipitate ; silver, 
adeep ae the ailant lead, iron, nickel, and copper, the chlorides 
of and platina, alter their colour by the addition of purpurate of 
ammonia, but are not precipitated by it. The pink sediment which 
generally appears in the urine of those labouring under febrile affec- 
tions, appears to owe its colour to the purpurate of ammonia. 

Allantoin (C,H,N,O,) ; allantoic or anniotic acid. A product of the 
oxidation of uric acid by peroxide of lead in a boiling solution ; the hot 
filtered solution deposits colourless brilliant crystals of allantoin. 
Allantoin also occurs in the urine of the foetal calf, and in the allantoic 
fluid of the cow. It is a neutral body, tasteless, inodorous, tolerably 
soluble in boiling water, but only slightly so in cold water. Left in 
contact with strong caustic for a few days it appears to assimi- 
late two equivalents of water and become hydantoic acid (C,H,N,O,). 
Solution of allantoin, heated in a closed tube to 280° Fahr., gives white 
deliquescent allanturic acid (HO,C,,H,N,O,) insoluble in alcohol. 
Lantanuric acid, a product of the action of ferrocyanide of potassium 
upon uric acid, is probably identical with allanturic acid. 

‘anthic, or uric oxide (C,,H,N,O,) or urous acid, forms the chief 
constituent of a rare form of urinary calculus. It is also contained in 
the intestinal concretions of animals or Brzoars. Itis soluble in 
alkalies, but is reprecipitated as a white powder by acids, and is 
insoluble in water, alcohol, or ether. 

Hypoxantuty, GUANINE, and CrstTrIn are treated of in separatearticles. 

URIC OXIDE. [Uric Grovp. ‘ 

URIC SERIES. [Uric Grovr. 

URIL, [Uric Grovp.] 

URINARY CALCULI [Catcutr.]} 

URINE, PATHOLOGY OF, AND MORBID STATES OF. The 
normal constituents of urine are treated of in the article Urmys, in the 


first, into those substances 


are thrown down as sediments. 
1, Substances which are dissolved in the urine, or precipitated only 


vlood pi in th in 

- ent, appears e urine two states, 
either in the blood-oells or ind t of them. When the latter 
brown or black colour, Such a 
condition does not indicate the rupture of blood-vessels, but a state of 
the blood produced by such diseases as typhus fever, yellow fever, 


LS enghegpe to arlppagge oh ee ee Se 
added e urine containing en, a precipitate 

formed, which we cannot re-dissolve by an excess of the acid, but 
which is readily dissolved by the addition of a sufficient q' of 


alkali. Heat, from its y of quickly coagulating albumen, is an 

ictioad taut hor aideieteiog this geindishe ant ben e advantage of 
Oey Ryertireethcper ghana Al 

a < ut 150°, becomes opaque, and 

deposits the principle in a Gr nosand state, ‘The precipitate varies 

considerably in appearance in different instances, being sometimes firm 


FE 


to be derived ; while at other times it is deli- 
somewhat resembling curd, when it may be supposed 


to be of chylous origin. 
indicative of disease of the kidneys. [Krpneys, 
This of disease may come on in many diseases, 


mation of the lungs, 
heart. 


buminous urine, on | also discov 


formed by the serum of the blood, from which it 


reap dew de a pees toaer 
as . Parkes found, on examining cases 
adunitaed Onder hale ene, that shout 25 per couk hak sien a 
urine, and that of these 12 per cent. were temporary, and 13 per cent. 
In some cases the albumen in the urine is of a modified character, 


visa albuminous food, such 


acid will cause a tate when it is heated. 

acres a er was ean ager Dr, Marcet, and subse- 
quently Stromeyer. It Liebig to differ from 
pings: fy one of oxygen. The characters 
of urine containing sw are not known, as the urine of the 


deposit of this is 
hydrochloric acid it is not rendered clear ; on the application of heat, 
wly dissolves. $ 
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the urine, the most frequent and 


interesting is the salt of lime with ;:— 
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exceeds the average density of 
urine, but sometimes is below it, varying from 1°016 to 17029. 

An is frequently present, so that when the urine is 
above the meme of 1:020, it crystallises very quickly after the addi- 
When 


. 
i 
i 


the urine contains no 


| bulk of nitric acid. 


is generally nearly imperceptible ; but on decanting the 
superabundant fluid, after a few hours’ repose, and placing a few drops 
et © emmle, £ © crystalline sediment is 


Scope, presents a very beautiful 
forms, octahedra, wl 
disc-like bodies sometimes round but more frequently elongated, which 
beginning of the dumb-bell crystals. The octahedral 


the most common. Bird and others have attributed a 


traced between the symptoms described and the ce of 
oxalate VSuch a view i lao supported by tos 
writers who maintain that the oxalic acid is not formed in the blood at 
ail, but is the result of changes in other constituents of the urine after 


ee ee 
ic Acid ; pores © sane Cnthonta acid was long ago 
pss oor ped Comoe alas ag though its existence in this fluid is 
dow by Berzelius. Dr. ut says that he has “re met 
m the 


uently exists in larger quantities than natural, and is 
then prec in the urine, either with or without bases,’ When 

with bases it forms what is called the “ calculous sediment” 
of urine, The exact composition of the sediments of uric acid with 
bases has been the cause of much dispute. At one time all uric acid 
; Were considered as combinations of the acid with ammonia, 
ju 


analysis has shown that urate of soda is a very common 
These deposits occur either directly after the urine has cooled 
down to the temperature of the external atmosphere, or some hours after, 


fe the coe eh Mt sore other acid by d 
e cause deposits t alone occur 
from increase of inthe arine,| may fecgegr em 


formation of such acids as the sulphuric, phosphoric, hippuric, lactic, 
oxalic, or other acids. by 

Phosphoric acid forms sediments of the ammoniaco-magnesian phos- 
phate, the phosphate of lime, and the phosphate of magnesia. The 
cause of the deposit of the ammoniaco-magnesian phosphate is the 
decomposition of the urea. The carbonate of ammonia thus produced 
lessens the acidity of the urine, and the ammonia partly combines with 
the phosphate of magnesia. As soon as the acidity declines the 
ammoniaco-magnesian phosphate is deposited with phosphate of lime. 

If the urine become alkaline from potash or soda, and not from 
ammonia, then the phosphates of lime and magnesia are thrown down. 
This occurs after eating much vegetable food, or after the carbonates 
or the mixed alkalies have been used for a length of time as medicines. 
This group of deposits often become the source of stone in the 
bladder. foasoutve.] 

The next group of abnormal deposits in the urine are those which 
have never been dissolved in the urine, and which fall when the urine 
is allowed to stand. These are mostly organic, and are detected 
chiefly by the aid of the microscope. 

Blood is often poured out in abundance from the mucous membrane 
lining the urinary passages, and is generally diffused through the urine, 
or is entire. In other cases small quantities of blood are passed 
mixed with pus or mucus, or alone, after the urine has been voided. 
When large quantities of blood are passed, especially without pain, it 
is probably a simple exudation from some part of the mucous surface 
of the urinary organs ; on the other hand, when the blood is mixed 
with pus or mucus, and passed with pain, it denotes ulceration of the 
kidney or bladder, and may be combined with the existence of a 
foreign body in the bladder. Dr. Willis, and other writers, quote 
several authorities to show that hematuria is endemic in some countries. 
M. Chapotain, for instance, informs us that in the Isle of France 
children from their infancy are liable to hematuria without suffering 
any pain from it, or its appearing to prejudice their general health. 
M. Salesse, a native of the Isle of France, and now a practitioner of 
medicine there, states that three-fourths of the children are affected 
with hematuria at one time or another. In these cases the bloody 
urine is generally observed to alternate with that which is chylous or 
oleo-albuminous. During the invasion of Upper Egypt by the French, 
many of the men suffered from an epidemic hematuria. 

en blood corpuscles are present in the urine, of course albumen 
is also there. It is sometimes a question whether the albumen is 
greater in amount than can be accounted for by the blood or not. 

Pus is often found in great abundance in the urine. Upon standing, 
the pus subsides to the bottom of the vessel, in a state more or less 
 Siidadkenr ge and the fluid resumes its transparent character. If pus 

present as well as mucus, the former is found lying on the latter, 
and presents a much yellower tint; it is also quite opaque, wher 
mucus is more or less transparent. A ready test for determining 
whether the deposit from the urine be of a purulent nature, is to add 
liquor potassz to the sediment collected in a phial or test tube, If it 
Ld, pen it will, on agitation, form with the alkali a transparent 
iscid compound. 

Fat may be either dissolved in the form of a soap, or free in the 
urine, It is more frequently free. The urine has a turbid emulsion- 
like What is called chylous urine depends on the presence 
of fat globules. This state of the uritie sometimes comes on from 
fatty food, and at other times from some defect in the assimilative 
functions. It is not at alla us symptom. The administration 
of gallic acid is said to arrest its development. 

ipithelial cells are very frequently present in abnormal numbers in 
urine, In all urine, after standing, a slight cloud will be seen forming, 
which, when examined by the microscope, is found to consist of ill- 
defined granular cells from the mucous membrance of the urinary 
passages. In many diseases this becomes increased. The shape of 
these cells will indicate their source. The epithelial cells of the 
urethra, bladder, and kidney are of different forms. The cells of the 
urethra are flattened, those of the bladder ovate, whilst those of the 
renal epithelium are caudate. 

Cancer cells are also found when cancerous disease of the kidneys or 
bladder is present. It is very difficult to distinguish between the 
caudate cells of cancer and the cells of the renal epithelium. The 
latter are not often in such abundance as the former, but general 
symptoms must assist in the diagnosis. 

Renal casts are frequent in the urine in disease. They vary in 
breadth from the jth to the gj,th of an inch, and are from the jth 
to the ,jth of an inch in length. They vary, however, in size and 
transparency, according to the materials of which they are composed. 
It _is, however, impossible to diagnose the nature of the disease of the 
kidneys by the composition of the renal cast. Large bodies are often 
found, cylinders, which are not found in the kidneys, but in the 
bladder, , or ureter. The casts have been thus Soe pee 
ing to their composition by Dr. George Johnson: epithelial casts, 
large and small waxy casts, granular casts, oily casts, bloody casts, 
purulent casts, 

Other bodies are less frequently found in the urine, as fibrine, 
starch, spermatozoa, hydatids, hair, and entozoa, the sources of which 
are indicated by their nature. . 

Urine sometimes, after standing, presents the mycelium of lower 
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as the Penicitium glaucum, cells of the feculent fi If the deposit be visibly crystalline, and the crystals hexa- 

vi and monads. These and similar growths se avideaiig beers! gonal tables, solable in ammonia 
duced from without. If the deposit be visibly crystalline, and the 

The following tables, from Dr. Golding Bird's work on urinary i erent, ak Seneca eee See veeebve ts aoe 
pees. ove the characters of the various of deposits found in Ifthe a i bevy tal 

or 
Tapix ror Discovznine Tax Natvex oy Unixany Derosirs sy Cummicar acid, without effervescence 
Reaoents. If the deposit be visibly crystalline, and the crystals be dumb- Car! of 
It consists of bells, not soluble in ammonia, but soluble in acetic acid senate 

If the deposit be white, and soluble by heat « Urates, effervescence 


insoluble by heat, but soluble 
in ammonia 
insoluble by heat and ammonia, 
but soluble in acetic acid =, 
soluble in ammonia and acetic 

- «J lurate of lime, 


be coloured, and visibly crystalline . + Uric acid. 
Urates stained 


but pale and 
r} by purpurine. 


readily soluble by heat . 
Tavis rox Tae Microscoric Examination or Untxany Derosits. 


Cystine, 
Earthy phos. 
Oxalate, or oxa- 


Urates. 


Py be deeply coloured, ee: and slowly 
soluble by heat 5 . 


with . . . * . : Poy 
If the deposit be visibly crystalline, and the crystals be dumb- 
bells, soluble by heat, but not in ammonia nor acetic acid 
If the deposit be visibly crystalline, and the crystals be dumb. te 
bells, insoluble by heat, ammonia, and acetic acid . +4 1 la, ae 
If the deposit be visibly crystalline, and the crystals be dumb- ; 
bells with fringed edges, insoluble in meses #1. 4 
acid, but soluble in liquor potass@ ‘ 
If the deposit be visibly crystalline, and the crystals lozenge- 
shaped or compound, insoluble in acetic acid and ammonia Pat 
1 he depot be iby erating andthe ryt peri, 
with or without spicules, soluble by heat . 


, As a summary of the courses and treatment of diseases indicated b 


t consists of 
Ute depo e aerphous and disappear on the ution ae ts 0 by Dr Marshall Hall, premising thet considerable savance has be 
juor potass@ pr mi ing e 
If the deposit be wel crystalline, and tho crystals octo- made in our Pgebab id of urinary deposits since the table V 
hedral .. - oe ee ee «Oxalate of lime, | drawn up. 
CAUSES. TREATMENT, 
1. Diathesis. par gnc ant the Superlithate 1. Wholesome Diet. 
- ot in diet. I, Lithate of Ammonia, frequently 3.  pemie ta. especially Roche 
. fatigue, 
3, Dyspepsia. 1. The Lithic. es so a aa BOP roars ow RES Ey 8, Mild Mercurials,  ~ 
* ee Ill. Crystals or Gravel. Lithic Acid, nearly pure. . bbe Alkalies, 
: ; 5 IV, Concretions or Calouli.© { 7 The Lithic Acid. O. The Gem Lanedl 
= . Ls} *" (IL The Lithate of Ammonia, 3 
s 
1. Antiphlogistics, 
An intermediate station [ ,1- Diathesis. Site Urine_wearly natuvel, 2, Mild Aperients, not the Rochelle 
is to be allotted to the ¢ sry Gave or ietan” wa : 
Osalete of Liao" 1 tv, Galeuias, The Mulberry, or Hempsced. PR platy oa 
2 Urine Alkaline and abounding in (1. Strict 
4 1. Diathesis. the Phosphates, 2, Mild Aperients—as Rhubarb, 
1. Irritability ) of th 5 I. Triple Phosphate (of Magnesia | 8. Opium; Hyoscyamus, &c. “a Y 
. y 2 Il. Amorphous’ Deposits. and Ammonia), mixed with 4. The Uva Ursi; the Alchemilia a 
: merce System. II. Phosphate of Lime, arvensis, &. 7 ai 
« Sickly Childhood. 
4. ‘Breaking up’ of the ¢ 1+ The Phosphatic— 4 TIL. Crystals or Gravel. Triple Phosphate, pire ed Loanawas, Paks bee i 
System. 4 : , 
c adaatckne nie: L. The Triple Phosphate, "Avoiding. 
IV. Conetetions or Caleuli,* ae win | the |S pages e 5s 
Il. The Mired P Fusible { *" vegetab’ 
2. Phosphate of { Calouius Acid, as Rochelle Salt, 
e; “| 3. Mercury. 
* ‘To these must be added— I. The Alternating ; Il, The Mized ; 
generally con- { A Lithic acid, or Mulberry Nucleus ; generally con- { The Lithate of Ammonia ; 
sisting of | An Ezternat Orust or the Mized Phosphates, sisting of | The Phosphates. 
A special place is to be These consist of : 


allotted to 


Urea in excess, Diabetes insipidus ; 
dissoleed 
in the Urine. Sugar. Diabetes. 
Albumen. Frequently Disease of the Kidney. 


ise mixed with the Urine. Pus. 


as Blood, 
Those who wish to master the subject of pathology should 
study the work of Dr. Edmund ey the Com seenct clipe go 


Urine in Health and Disease,’ 1860. 


It is one of the most masterly 
works hitherto published on the urine. 


Dr. Golding Bird’s work ‘On 

Urinary Deposits ;’ Dr. Beale’s ‘ Treatise on the Microscope in Medi- 

cine, and his ‘ Illustrations of Urine, and Urinary rinary Deposits,’ should 

also be consulted. Dr. Beale’s ‘Tables for the Practical, Chemical, 

“sag - Examination of Urine, Urinary eee and Calouli; 
o 


—— 
URINO'METER 


consists of a glass tube, which at 
grad te 2 in 


jppose the water's 
et to 1000, and 


cut the scale at 
specific gravity evil 


The Prostatic Caleali, { 
Lastly—The Cystic Oxide ; the Xanthic oxide ; the Carbonate of Lime; the Fibrine Calculi, are all extremely rare. 


Urine of high Specific Gravity ; as 1°020. Blood-letting. 
Urine profuse; sp, gr. very high; as 1°050, ) Mild Animal a ‘ 
Saccharine. Opium. Dover's Powder, 


Urine coagulates by heat. 
M Scanty when from the Kidney 
ueus. } profuse when from the Bladder. 


From Calculus, or Disease, of the Kidney or Bladder. 


Phosphate of Lime alone, £ 


Warm Baths. “Carbonate of Tron. 


ans 


UROERYTHRIN. A red pigment in urine. 


UROGLAUCIN., ROXANTHIN.] 

UROUS ACID. ric Grovp.]} ig 

UROXANIC AC [Uric Grovr.] es 
, Which 


UROXANTHIN, A yeliow colouring matter in urine, by 
oxidation is said to be converted into ruby-red, Dehoidee, and blue J 


Uroglaucin. 
URRHOIDIN. [Uro pee 
URSA MAJOR and URSA OR (the Greater and Lower Bear), 
constellations of the northern h 


two of the most remarkable one i 
le star, or the visible star which is. 


the latter as containing the 
nearest to the northern pole of the heavens ; the former from its 1 


known seven stars, by two of which the pole star is always 


These seven oe pagr bey », 5, «, G and » of the 

Ursa Majct sae the form of a q joined 

of its peg a wine and with this description it 

difficult to avoid finding them out. A line drawn from 6 toa, the — 
two velaienn a as they are called, passes pray pee 
continued ; vad secre des e stars of the « which — 
are farthest from the triangle. This Pole star (a U: ) is the 
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the plough.” 
| by the Greska; and “Charles Wain’ i familias to all ou readers. 


The following are the principal stars in these constellations :— 
Ursa Mason. 
No, in Catalogue 
¢ No. in Catalogue of British 
Character. Association. Magnitude. 
‘ 9 3048 4 
h 23 3221 4 
ie a) 25 3242 3h 
= v 29 3346 4 
: a 33 3305 3h 
t m 34 3533 3 
j B 48 3767 2 
9 @ 50 3777 14 
v -- 52 3812 34 
E 53 3851 4 
y 54 3852 4 
x 63 3981 4 
¥ 64 4017 2 
3 69 4123 2h 
€ 77 4335 3 
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Ursa Mrvor. 
No. in Catalogue 
No. in Catalogue of British 
Character, of Flamsteed, Association, Magnitude, 
a 1 360 3 
A 5 4822 4 
B 7 4936 3 
13 5094 3 
ha 16 5285 4 
€ 22 5780 4 
i] 23 6281 3 


URSULINES, an order of nuns in the Roman Catholic church, 
founded about the year 1537, by Angela Merici, commonly called 
of Brescia, who was born in 1511, at Desenzano, on the Lago 
-_ a and died at Brescia, March 21,1540. The institution was 
q pens segecred of sod condxmad by Tove Paul IIL, in 1544, and it 
was upon this occasion that the name of Ursulines was given to the 
: order, after the famous British Saint Ursula. The order of the Ursu- 
lines was designed mainly for the succour of poverty and sickness, and 
4 for the education of the young; and wherever it was established the 
‘ nuns principally themselves to these services, in rendering 
__ which they mixed freely with the world, much in the same manner as 
peer ne vedere owes 6, charity have sways been scous: 
tomed to do. At first indeed they neither 
usual irrevocable vows, nor even 


there 
contiaued to reside with their families or by themselves at their own 


religious orders, came for the most to be distributed in monasteries, 
y in France, where they chiefly flourished. 
YLE. [(Urm. 
USANCE. [Britt or Excuance.] 
4 USE. A use at common law was a beneficial interest in land, dis- 
tinct from the legal origin of uses is derived 


teay My-ewsy 2 The 
¥ apd ace Aouad ) from a title under the civil law, which 
of an usufructuary interest, distinct from the substance of the 
thing itself, and which was called in that law the fidei commissio. He 
says it was introduced by the clergy, who were masters of the civil 
law, and who, “when they were prohibited from taking anything in 
mortmain, after several evasions by ing lands of their own 
i recoveries, purchasing lands round the church, and 
them churchyards by bull from the pope, at last invented this 
way of conveying lands to others to their own use; and this being 
fee doves! of equity, it met with a very favourable construction 
the ye ee ee: who were in those days commonly 
clergymen. this way of settlement began; but it more gene- 
rally prevailed among all ranks and conditions of men by reason of the 
commotions between the houses of York and Lancaster, to secrete 
their , and to preserve them to their issue, notwithstanding 
attainders ; began the limitation of uses with power of 
ion.” But whatever may have been the origin of uses, it is 
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certain that the desire of effecting frequent and secret transfers of 
property without resorting to the simple and public modes of con- 
veyance of the common law, as well as the natural desire to dispose 
of property by devise, which the common law did not allow, led to 
an early adoption of the system. 

The system of uses having been found to produce many incon- 
veniences, notwithstanding the statutes which had been from 
time, to time to modify them, it was thought a remedy would be 
found by joining the possession to the-use, or, as it is usually termed, 
transferring uses into ion. With this view the statute of 
27 Hen. VIIL., c. 10, commonly called the Statute of Uses, was passed, 
which enacted, that where any person or persons stood or were seised, 
or at anytime thereafter should happen to be seised of any honours 
or other hereditaments to the use, confidence, or trust, of any other 
person or persons, or of any body politic, by any manner of means 
whatsoever it should be, that in every such case all such person and 
persons, and bodies politic, that ae ps thereafter should have any 
such use, confidence, or trust in fee simple, fee tail for term of life, 
or for years or otherwise, or any use, confidence, or trust in remainder 
or reverter, should from thenceforth stand and be seised, deemed, 
and adjudged in lawful seisin, estate, and possession of, and in the 
same honours and hereditaments with their appurtenances, to all 
intents, constructions, and purposes in the law, and in all such like 
estates as they had or should have in use, trust, or confidence of or 
in the same; and that the estate, title, right, and possession that was 
in such mor persons that were or thereafter should be seised of 
any lands, tenenfents, or hereditaments, to the use, confidence, or 
trust of any such person or persons, or of any body politic, should 
be from thenceforth clearly deemed and adjudged to be in him or 
them that had or should Bees such use, confidence, or trust, after 
such quality, manner, form, and condition as they had before in or to 
the use, confidence, or trust, that was in them. 

It has been questioned whether or not the legislature intended by 
this act to put an end to the system of uses; nevertheless it was soon 
settled that it had not that effect, but-that uses might still as formerly 
be raised, upon which the statute would instantly operate. However, 
some modifieati ions of the system were introduced. Before the 
statute a mere agreement for sale, without words of inheritance, was 
sufficient to pass the equitable fee to the vendee; but by the 27 
Hen. VIIL., c. 16, it was enacted that no contract should transfer the 

estate in the fee, unless it were made by deed enrolled. And it 
was resolved by the ey hay words of inheritance were necessary 
to pass the fee at law. no contract importing a future con- 
v , even though made by deed enrolled, and containing words of 
i itance, would now be held to transfer the | estate under the 
Statute of Uses, though it would entitle the vendee iri equity to call 
for a regular conveyance. <A further modification of the system of 
uses was introduced by the seventh section of the Statute of Frauds 
(29 Car. IL, c. 3), which required that all declarations of trusts or con- 
fidences of lands, tenements, or hereditaments (which might formerly 
have been created by parol), should be manifested and proved by 
writing, signed by the party by whom it is declared. 

In order to raise a use which the statute will turn into a possession, 
it is necessary that there should be, Ist, one person seised to the use 
of another, in esse ; 2nd, a use in esse, limited in possession, reversion, 
or remainder. The use may be either express, as where lands are 
conveyed to A and_his heirs, in trust for B and his heirs, or in con- 
fidence that he and they shall take the profits, or where a vendee, for 
a valuable consideration, conveys by bargain and sale enrolled, in both 
which cases the legal estate vests in the grantee or bargainee by the 
statute ; or it may be implied, as where a feoffment is made without 
consideration or declaration of the use, in which case the use results, 
and the estate returns to the grantor, 

It was settled by the courts of law that the statute “could not 
operate except upon an estate of freehold, and that therefore 
copyhold and leasehold estates are not affected by it. term of 
years may of course be created out of a freehold estate by way of 
use, but when once subsisting cannot be conveyed to uses. If, there- 
fore, a term were assigned to A to the use of B, the legal estate 
would remain in A, who however would be considered in equity as a 
trustee for B. 

By the operation of the Statute of Uses,a man may, through the 
medium of a feoffee or r , make a conveyance to his wife, which 
he could not do at common law (Litt.,s. 168 ; Co. Litt.,112a.), In like 
manner a married woman, haying a power, namely, a right to limit a 
use, may appoint to her husband. 

At common law a man could not limit a remainder to himself, nor 
could he limit it to his heirs so as to make them take as purchasers, 
without departing with the whole fee simple out of his person (Dyer, 
156 a, fol. 24; Co. Litt., 22 b.), but he may do so by means of a con- 
ve operating under the statute. ~ 

tisarule of the common law that joint tenants cannot take at 
different periods, (1 Co., 100, b. 2.) Again, by its rules, a fee could 
not be limited upon a fee; a freehold could not be made to commence 
in futuro, and an estate could not be made to cease by matter ex post 
facto, so as to let in another limitation before the expiration of the 
former. [REMAINDER.] But limitations of the above kinds may be 
made to take effect under the Statute of Uses. Such limitations are 
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USES, CHARITABLE AND SUPERSTITIOUS. __ 


called shifting or secondary and springing uses ; and future or con- 
it uses. 
ifting or Secondary Uses are properly such as take effect in d 
tion “i some other estate, ane ene either limited expressly by the 
deed, or are authorised to be created by some person named in the 
deed : as if an estate were limited to the use of A and his heirs, with a 
Fine i eee B and his heirs. Shift- 
abd seem to have existed before the statute, when, as the 
estate remained in the feoffees, the rule of the common law, which 
did not allow the fee to change from one to another except upon 
breach of a condition d to the estate at its creation, was not 
violated. Feat are i of constant occurrence in settlements Pes 
perty. ([Serrtement.] The rules against perpetuities in settle- 
lodate of property are applicable to shifting uses, which must be 
limited to take effect within the same period, namely, that of a life or 
lives in being, and twenty-one years , unless where they are 
to take effect after an estate tail, in which case, as the tenant in tail 
may defeat the use by barring the estate tail, such a limitation has no 
tendency to a D ic: : 

Sprivging Uses, though often confounded with shifting uses, are 
more properly such as are limited to arise in a future event 
where no previous use is limited; as in the case of a bargain 
sale to take effect ten years hence, where the use in the mean time 
remains in the grantor, They are subject to the same limits as shift- 


uses. 

Future or Contingent Uses are properly such as are limited to take 
effect as remainders; such as a use to the first unborn son of A, after 
a limitation to him for life or for years determinable with his life. 
The rule of law, that a vested freehold must precede a contingent 
remainder, did not apply before the statute to- contingent uses, 
because the freehold remained in the feoffees ; but, since the statute, 
they are subject in this respect to the rules of contingent remainders. 
(Remarnper.] 

As the Statute of Uses was made previously to the Statute of Wills 
(82 & 34 Hen. VIII.), it has been questioned whether the former can 
be held to apply to the latter; but as, before the statute, devises of 
the use were itted, so, since the statute, the courts have uniformly 
held that, where a devise is made to a use, the intention of the testa- 
tor — be taken to be that the devisee of the use should have the 

estate. 

y a construction of the Statute of Uses, adopted soon after it was 
passed, the grounds of which it is not easy to understand, it was 
settled that a use could not be limited on a use, that is, that the 
statute would operate on the first declaration of use only: so that if, 
by bargain and sale, a nse in lands were limited to A and his heirs in 
trust, or to the use of B and his heirs, the statute would vest the ] 
estate in A without adverting to the use declared in favour of B. e 
Court of Chancery availed itself of this construction to revive Uses 
under the name of Trusts; and it was determined that A was, in the 
ease above mentioned, a trustee for B of the beneficial interest in the 
land. It is not true, however, as has been said by Lord Hardwicke, 
that the Statute of Uses “has had no other effect to add at most 
three words toa conveyance ;” for the Court of Chancery, availing itself 
of its exclusive jurisdiction over trusts, and aware of the mischiefs 
attendaut upon uses before the statute, has gradually established a 
system well adapted to answer the exigencies of family settlements 
and provisions, without producing any of those evils which the statute 
of Henry VIII was intended to remedy, [Trusrs. 
USES, CHARITABLE AND SUPE TITIOUS. The term 
“ Charitable Use,” as understood in law, is of very extensive applica- 
tion, and includes dispositions of property which cannot with any pro- 
priety be described as charitable, but which are so called with reference 
to the purposes enumerated in the statute 48 Eliz., c. 4, or such as are 
considered analogous to them. That statute enacted that the Com- 
missioners thereby empowered should inquire as to the lands, &c. given 
by well-disposed people “ for relief of aged, impotent, and poor people ; 
for maintenance of sick and maimed soldiers and mariners ; schools of 
learning, free-schools, and scholars in universities ; for repair of bridges, 
ports, havens, causeways, churches, sea-banks, and highways; for edu- 
cation and preferment of orphans; for or towards the relief, stock, or 
maintenance of houses of correction ; for marriage of poor maids ; for sup- 
portation, aid, and help of young tradesmen, handicraftsmen, and persons 
decayed ; and for relief or redemption of prisoners and captives, and 
for aid or ease of any poor inhabitants concerning payment of fifteens, 
setting out of soldiers, and other taxes.” Many gifts not within the 
letter have been held to be within the equitable construction of this 
statute ; and when the gift is to charity in general, without any par- 
ticular purpose being specified, it will be carried into effect either by 
the Crown or the Court of Chancery, upon principles which the deter- 
minations of that court have eatablished. The term “ Charitable Use,” 
in law, is applied exclusively to gifts for what are called public chari- 
ties, the objects of whieh are not particular individuals, but a class or 
the public in general. 

A superstitious use, in its original sense, was where lands, tenements, 
rents, goods, or chattels were given, secured, or appointed for or towards 
any of the following purposes, namely : the pb Rahs of a priest or 
chaplain to say mass ; for the maintenance of a priest or other man to 
pray for the soul of any dead man in such a church or elsewhere ; to 


and | purposes, as Protestant Dissenters ; with respect to whom the doctrine 
of the court is, that it will administer a fund to maintain a ty of 
Protestant Dissenters promoting no doctrine contrary to law, at 


have or maintain obits, lamps, torches, &c., to be used at cer- 
tain times, to help to save the souls of men out of . (See the 
15 Rich. IL, c. 5; 23 Hen. VILL, c. 10; and 1 Edw. VL, o, 14.) Poo 
statute of Richard II. was passed for the purpose of subjecting vt 


onwealth, and as in’ 
law to see that nothin; dene i eens eee 
false religion, was considered entitled to pray a discovery of a trust to 
a superstitious use, and to order the property 


é 
g 


to their schools, places for religious worship, education and charitable 


variance with that of the Established Church. The 2&3 Wm.IV., — 
¢. 115, is retrospective. (2M. & K. 225.) a et 

The Court of Chancery has a a urisdiction over property — 
given for charitable purposes, and mode in which matters 
relating to charities are brought before it is by information by the 
attorney-general on behalf of the crown. iy 

The Court of Chan adopts a very liberal construction of gifts for 
charitable purposes; and there are numerous cases of gifts for objects 
not within the letter of the statute of Elizabeth, which have been con- 
sidered to be within the equitable meaning of the word charity as 
understood in that court, and have been administered accordingly. 
And when a gift is made for charity generally, without any purpose 
specified, if the gift be to trustees, the court will order a scheme to be 
prepared for the direction of the trustees in the administration of the 
trust ; and where =e denen pred is charity, Ley noe yea 
interposed, the right to dis; of the property, and to par- 
ticular charitable hain, eet a it is to be applied, to the 
crown by sign-manual. Where the particular objects which 
had in view fail, either wholly or in part, the court adopts what is called 


the principle of administration cy-pres, that is, it directs reeling j 


to be applied to worthy objects in its judgment most nearly 
those which have failed, or when more than one charity has been f 
by the donor, to such of the others as are still subsisting. When the 
revenue of the property increases from any cause, the increase goes to 
the charity, if it appear to have been the intention of the donor that 
the whole should be disposed of in that manner ; otherwise the increase 
will go to the legal representative of the donor. In cases where the 
reyenue of the property was distributable among several charities, the 
uestion has been, in what manner the increase of income was to be 
is of among them. The principle established by the cases seem: 
to be, that a charity to which a fixed annual sum has been given 
no right to participate in the increase, but that one entitled with th 
other charities to a proportionate part of the original income will haye 
a ripe to a similar proportion of the increase. ‘ ; 
hen property is given to a superstitious use, or for a charitable 
purpose which the law will not allow to be carried into effect, th 
court, upon the not very sat ground that the 
meant for a charity, will a) he to some other charity of which it 
approves. In the words of ir William Grant, “ Whenever a testator 
is disposed to be charitable in his own way and upon his own prin- 
ciples, we are not content with disappoin' his intention, if dis» 
approved by us: but we make him charitable in our way and on our 
principles. If once we discover in him any charitable intention, that is 
supposed to be so liberal as to take in objects not only noe within | 
intention, but wholly adverse to it.” (7 Ves., 495.) If the su 


use be one which the court considers charitable, the fund go ) 


king to be disposed of to such charitable uses as he direct ‘ 
sign-manual; if the use be not charitable, the gift is m is 
and the property will go to the donor's representative. (2 M.& K., 
684. ’ 
The regular mode of proceeding in cases of abuse of charitable funds 
was Cpe resent by way of information in the name of the = 


neral on behalf of the crown. But the act 16 & 17 Vict. c, 187, 
nown as the Charitable Trusts Act, has, without abo ie 
functions of the attorney-general with respect to charities, eda 
regular machinery of commissioners and inspectors, whose duty it is 
to investigate all cases that may be brought to their notice, and to” 


inatibuts such proceedings as may be necessary for the ‘ion 

oft abuses, fi 
The jurisdiction of the Court of Chancery over property given to 

charity aries be distinguished from the authority frequently Corded 
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a yisitorial jurisdiction arises of common right 
under and his heirs, whether he be the king or a private 

» those whom the founder has appointed for that purpose ; 
visitor is to determine the differences of the members 

to ri generally the government of the body, 
ith the statutes originally propounded by the founder. 
s visitorial power the Court of Chancery has nothing to do, 
of interference being confined entirely to the administration of 
Property ty. When the charity is of royal foundation, the visitorial 

- of king is exercised by the lord chancellor as his repre- 
@; and even where the founder of the charity was a private 
no appointment of a visitor, and if his heir 
be discovered, or has become lunatic, the visitorial power, 


lord cha mode of application in these cases is not by way 
‘ i y petition addressed to the Great Seal. ™ 
ee cestde tore tome pat upon the power of making giits 
of] to charitable uses Fears 9th of Geo. IL, c. 36, commonly, 
‘ improperly, called the Mortmain Act. By it devises of land 
. bec of money to be laid out on land or in any interest in 
land are declared void. For an explanation of the provisions of this 
‘4 SNEIN, Licuzns, Coto’ Ma ] 
s URING MATTERS OF. 
UsNIC aclD. [Licuens, Cotovurine Matrers oF.] 
- USUCAPIO. Gaius (ii. 40-42) states that if a Res Mancipi was 
____ transferred by bare tradition, without the forms of Mancipatio or in 
Sure Cessio, the original owner retained the Quiritarian ownership, and 
the person to whom the thing was transferred had only the right to 
the enj it of the thing until by possession he had acquired the 
patue- tpenblonde usucapiat). For the effect of such enjoyment 
_ was to give him the same rights with respect to the thing as if it had 
_ been transferred in due legal form. In the case of moveables the 
‘Twelve Tables fixed one year as the term of Usucapio; in the case of 
land and houses, two years, The acquisition of the Quiritarian 
f a thing by enjoyment of it under the circumstances above 
4 several periods was called Usucapio. 
_. Gaius states that there might also be Usucapio in the case both of 
thingy Mancipi and ings Nec Mancipi which had been transferred by 
from a m who was not the owner, provided the 
received themi in good faith (bond fide), or, in other words, 


i 
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When Gaius wrote (in the second century of our wera), Usucapio, as 
» bad become a regular mode of acquiring ownership; for 
all kinds might be so acquired which had been received by 
bond fide from a person who was not the owner. The 
ings stolen, or the possession of which had been acquired by 
, Was an exception, for even if received bond fide they 
become the of the receiver by Usucapio. The 
i of women , Who were in the tutela of their agnati, 
Be objects of Usucapio unless they had been received from 
itio with the proper consent (atictoritas) of her tutor : and 
of a woman who was in tutela legitima could not be an 
of Usucapio. As land (fundus) could not, according to the 
inion, be an object of furtum,a bond fide purchaser of land 
oar sty Cpeoeaas the owner, and a Nira Nps 
acquire the property of it by Usucapio, provi the seller 
uired the possession by tle but had either taken possession 
hich was vacant through the carelessness of the owner, or 
the owner dying without a successor, or having been long absent. 
Besides individual apes of property, Usucapio could exist in the 
case of Servitutes, and marriage, in the case of an Hereditas. 
ee gm drag Servitutes as followed the rule of law as to Res Mancipi 
ly be transferred like Res Mancipi; and therefore Usucapio 
could only apply to such servitutes. But 
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of the Hereditas, when the testator had not disposed of his property 

je. be se forms of the Mancipatio and Nuncupatio, the person 

w heres in the will could only acquire his legal title as 

Usucapio. 
Josal effect 

given to bond fide possession and enjoyment for a 

hich defects in the transfer of a thing were 

i not originall, 


Hite 
i 


lt was 
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the Romans expressed it), its efficiency and completeness to what was 
in its origin incomplete; and the phrase Usus Auctoritas was older 
than the expression Usucapio, which was afterwards the ordinary term. 
But Usus by itself never signified Usucapio; for Usus alone could not 
give a title to the ownership of athing. In the case of public land 
the possessor had the usus, but this was all that he could be entitled to 
as possessor. Such usus could not from the nature of the case have 
an auctoritas, for the possessor did not occupy the public Jand asa 
bona fide purchaser. A man might also have the usus of private land 
without having a title to anything further : in which case also the usus 
could never have an auctoritas. In the Roman law, as known to us in 
the Pandects, Usucapio appears as a mode of acquisition, which must - 
have been owing to the circumstance of Mancipatio ceasing to be re- 

garded as important: for bare tradition in all cases, followed by the 

proper usus, gave complete ownership. Finally, when the difference 

between Res Mancipi and Nec Mancipi was abolished, Usucapio in its 

original sense ceased. But as in the time of Gaius we find Usucapio 

applicable to the case of things Nec Mancipi, which a person had 

possessed bond fide, this rule of law still continued, and various limita- 

tions were in course of time established as to the mode of acquiring 

the ownership of a thing by the enjoyment of it. Thus Justinian, in 

his ‘ Institutes’ (ii., tit. 6), after reciting the old law, refers tu one of 

his Constitutions, by which the ownership of moveables might be 

acquired by use (usucapiantur), provided there was a bona fide possession 

(justa causa possessionis precedente) for three years, and that of im- 

movable things by the “Jongi temporis possessio,” which he explains 

to be ten years “ inter praesentes,” and twenty years “ inter absentes ;” 

and the Constitution applied to the whole empire. Usucapio is defined 

in the ‘ Digest’ (41, 3, 3) to be the “addition of ownership by the 

uninterrupted ion for a time fixed by law.” As it was the addi- 

tion of ownership, something is-here implied to which this addition 

was to be made; and this something was a bona fide possession. 

The subject of Usucapio admits and requires a much more complete 
exposition. The reader may refer to the following works : Engelbach 
‘ Ueber die Usucapion zur Zeit der zwélf Tafeln,’ Marburg, 1823; and 
Miblenbruch, ‘ Doctrina Pandectarum.’ 

USUFRUCTUS, or USUSFRKUCIUS, and USUS, belonged to the 
class of Servitutes Personarum among the Romans. Ususfructus is 
defined (‘ Dig,’ 7,1, 1) to be ‘the right to use and take the fruits 
(fruendi) of what belongs to another without impairing its substance.” 
Usus is defined (* Dig.,’ 7, 8, 1, 2) to be the right “to use, but not-to 
take the fruits (frui).” 

The objects of ususfructus might be land (fundus), houses (wdes), 
slaves, beasts of burden, and other things. He who was entitled to a 
Ususfructus was called Usufructuarius, or Fructuarius. A right to a 
Ususfructus might be given to a person by testament, or it might be 
established by contract. 

Generally, it may be stated that all the <‘ fructus,” or produce of a 
thing that accrued during the time of enjoyment, belonged to the 
Fructuarius; but his title to fructus was not complete till he had 
taken them, and it was a general rule that any “ fructus” which had 
not been got in or taken at the time when the Ususfructus ceased did 
not belong to him. The law as to things that yield an increase, such 
as fruit-trees and animals, did not present many difficult questions. As 
to houses and lands, the questions were sometimes more difficult. The 
Fructuarius was entitled to the rents and profits of houses during his 
time of enjoyment, and he was bound at least to keep them in suffi- 
cient repair, but probably not to rebuild them, if they were in a 
ruinous condition. He was bound to cultivate land in a ‘proper 
husbandlike manner. He could work existing mines and quarries for 
his benefit, and he could also open new mines and work them. The 
Fructuarius could maintain his rights to the ususfructus by actions and 
interdicts, ‘The period of usustructus might either be for a fixed 
time or for the life of the Fructuarius. At the termination of the 
period of enjoyment, the thing was to be given up to the owner, who 
could generally require security for its being properly used and given 
up in proper condition. 

The usus of a thing, as already explained, was a right to the enjoy- 
ment of a thing, but not to the produce or profits of it. Yet in some 
cases the usus of a thing implied a right to a certain amount of pro- 
duce. Thus the usus of cattle implied that the usuarius was entitled 
to a moderate allowance of milk; and a man who had the usus of 
an estate could take wood for his daily use, and could enjoy the 
orchard and other things in moderation. If a man had the usus 
of oxen, he could employ them for all purposes for which oxen are 
properly used. The duties of the usuarius resembled those of the 
fructuarius. 

The rules of law which related to the ususfructus and usus were 
numerous. Many of them are collected in the ‘ Digest,’ lib. 7; see also 
‘ Fragmenta Vaticana,’ ‘De Usufructu ;’* and Miihlenbruch, ‘ Doctrina 
Pandectarum,’ 

USURPATIO is sometimes used by the Roman jurists in the sense 
of interruption of Usucapio. But the verb “ usurpo” and its deriva- 
tives are commonly used in the sense of “ using,” or “employing,” in . 
any way that is suitable to the character of the object used or em- 
ployed. The participle “ usurpatus” sometimes signifies the acquisi- 
tion of a right by use: thus “ usurpatam mulierem™” (according to 
the ordinary reading in Gellius, iii. 2) means a woman who had come 
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into the power of her husband by uninterrupted matrimonial cohabita- 
tion for one year. (See Savigny, ‘System des heutigen Rémischen 
Rechts,’ iv., ch. iii, § 1838, on the passage of Gellius, which is a 
quotation from Q. Mucius Scwvola, the pontifex.) The word is also 
used in the sense of taking ion of a thing; and in course of 
time the notion of wrong was attached to the word. Ammianus 
Marcellinus (xxvi. 7, ed. Gronoy.) uses “usurpator” in a sense sonte- 
what like the modern “ usurper,” when he says “ usurpator indebit«e 
testatis.” 

USURY. Although the legitimacy of interest w moderate and 
conscientious terms has long been recognised am: 5 ait has, until 
quite recently, been believed desirable to regulate by law the rate at 
which it should be taken, and interest ‘ond this allowed limit has 
long been stigmatised with the odious ap ion of usury. [Inrerest.] 
It has been reserved for our own time to carry out a principle which 
political economists had preached for above a century, that of per- 
mitting the rate of interest to regulate itself according to the exigen- 
cies of the time and the hature of things, The first statute by which 
some relaxation of the laws was made in favour of trade, was the 
3& 4 Will. IV., c, 98, which enacted, that no person taking more than 
the rate of legal interest for the loan of money on any bill or note not 


having more than three months to run, should be subject to any | 


penalty or forfeiture. Shortly afterwards the statute 5 & 6 Will. IV., 
c. 41, enacted that bills or other securities should not be void because 
a higher rate of interest than was allowed by the statute of 12 Anne 
had been received thereon. The statute 1 Vict., c. 80, mext enacted, 
that bills payable within twelve months, should not for a limited time 
be liable to the usury laws, and this statute was followed by six others, 
extending from time to time the application of the original act. The 
statute 2 &3 Vict., c. 37, enacted that no bill or note, payable within 
twelve months after date, or not having more than twelve months to 
run, nor any contract for the loan of money above 101, should by 
reason of interest taken thereon or secured thereby, or any agreement 
to buy or receive or allow interest in discounting, negotiating, or trans- 
ferring my such bill or note, be void, nor any person so lending be 
liable to the penalties of the usury laws; but it was provided that this 
relaxation should not extend to the loan or forbearance of any mon 
on the security of land. The public mind having thus slowly advan 

in the direction of the policy advocated by Bacon above two centuries 
ago, at hl became p for a still wider measure, and the 
statute 17 & 18 Vict., c. 90, after laconically reciting in the preamble, 
that “it is expedient to repeal the laws at present in force relating to 
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UTRECHT, TY OF. (Treaties, Coronovoorcan TaBie or. 

UVA, Uve pape, The former is the name of the fruit of the vine, 
in the natural state of grape, the latter when the grapes have 
spread out and dried, and so made raisins. 
kind of grape dried. The chief em of 
to flavour unpleasant mixtures, or for their demulcent pine r 
the former point of view they are unimportant; in the , of 
siderable utility. Fresh are cooling, 
rs ao tea baer — in the be 
to contribute greatly to the amelioration which consumptive persons 
experience there, and in some instances their effect is so 
have given rise to the term cure de raisins, The dried 
acid, but — nourishi Pegedreie seaperes It 
soothing qualities of jujube, m 4 
made into a conserve i removing the feats sad taaliag 
a thick mass. For persons with irritable throats and 


rules than those which govern contracts in general. 
oition, VOL tiy’p.' 5. 


Currants are a py ar 


pulp 


° 
in 


coughs, a portion of this put into the mouth before going into 

air is an excellent protective measure, and often prevents 

which, when once excited, it is difficult to allay. An excellent 

cent drink is made from a compound of barley and raisins. Currants — 
contain more acid than common raisins, and should be preferred where _ 
an aperient action is desired. Much Cermtin et 9 957 an 
contained in the pits of the seeds. ‘his may render the seeds astrin- 
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gent; but for consumptive persons it is best to remove the seeds 
the grapes, at all events not to swallow them, as their very indigestible 
nature may irritate the bowels and cause diarrhea, a formidable 
symptom in consumptive persons. ia 

An oil exists in the seeds of the grape, in the proportion of 12 
pounds of oil to 100 pounds of seeds. Though it is not obtained 
without difficulty, it is extracted in Italy in large 
heat is used, it has a harsh taste, and is mostly used 
when cold-drawn, it may be used for food. 

USUS. [Usvrrucrus.] 


oe 


Vv 


V as pronounced by the English, is the pressed or medial labial 
> irate, bearing the same relation to f that b does to p. Its 
form is only a variety of the character by which the vowel u is denoted, 
the latter being in its origin the cursive character employed with soft 
materials, while v is better adapted for writing on stone. The 
Roman letter v was probably pronounced as a w, a supposition which 
would explain the fact that in the alphabet of that lan one 
character is employed for both u and v. The converse of appears 
in the German alphabet, where w has nearly the B eyo of v, while 
the latter symbol is used to designate the sound of English f, as is 
the case also in Welsh. ; 

v is interchangeable with b and m: see these lettérs. It is also 
interchangeable with f,and hence the confusion between the characters, 
as just observed. The changes with w, gu, du, will be considered 
under the letter W. 

VACCINATION. [Smatt Pox; Jenver, in Broo, Drv,] 

VACCINIC ACID. This name was applied to an acid substance 
extracted from butter, but if is now believed to be merely a mixture 
of butyric and caproic acids, 

VACUUM, or VOID, the name given in physics to the idea of 
5 wholly free of matter, or perfectly empty. In the common 

, space is called empty when, so far as air can fill space, it is full 
of air; and even in a more scientific form of speech, there is said to 
be a vacuum when there is only such an approach to a vacuum as the 
operations of pres can procure, Thus in the vacuum of the air- 
pump, however long the attempt at exhaustion may be continued, 
there is always air left, though in a highly attenuated state; and even 
in the mercurial vacuum, or in the space which is left over the mercury 


- the barometer, —s is 84 unfrequently a slight portion of air, and 
ways an the vapour of mercury. Physically speaking, 
it is impossible to procure a vacuum ; it is most likely that, 


even if areal vacuum could be procured for an instant, air or other 
vapour would at once begin to be disseminated from the sides of the 
vessel in which the vacuum was made and that the vacuum would 
thus instantly cease to exist. 

But the question of the existence of vacuum, in its strict and abso- 
lute sense, and as to whether such a thing were possible or not, was a 
subject of controversy from before Aristotle to after Newton, It 


was meant, like other questions of physics, to receive its solution from 
the exercise of the intellect employing itself upon the apparent pro- 
perties of material bodies, Aristotle and others ied the actual 
existence of a vacuum, from a want of exact knowledge of the laws of 
motion, In a vacuum, ‘says Aristotle (‘ Physic.,’ 1. iv., ¢. 8), there 
would be no reason why motion should be to one part rather than 
another. He apparently attributes all motion to the pressure of 
adjacent matter, not only in its commencement, but in its continuance, — 
A rae wrecg™ would say that, even if the creation of a vacuum — 
destroyed the cause of gravitation, still a var. & downwards into 
@ vacuum would move ugh it with the velocity which it had at its 


& 


entrance. Democritus, Epicurus, and others, assert the existence of a — 


vacuum; and most of the differen’ 
admit the possibility of such a thing, though some of them deny its 
actual existence, a 
Descartes denied the very possibility of a vacuum, and upon such 
grounds as will make most persons feel that if Newton had not come, 
it would have been better to have kept to Aristotle. There is in his 
writings an absolute and palpable confusion between space and matter, 
to the extent of an assertion that the destruction of all the matter in a 
certain space would be the destruction of the space itself. He 
the essence of matter in the occupation of space, and thence infers by 
a sry Coe that there cannot be s without substance 
which he means matter). As follows: “ 
more sumptum, hoc est, in quo nulla gerd sit substantia, 
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all the matter (corpus) in a certain 
come into it (locum 


plied in first adopting the common sense of the word nothing, as when 
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we say a vacuum is full of nothing, and then arguing from the strict 
meaning of the word “ nothing,” and denying that “ nothing” can have 
extension. It is not true, properly speaking, that there is “ nothing” 
in a vacuum, for the very notion of a vacuum is space void of matter. 
The idea of Descartes on the essence of matter was carried by his 
followers to the full extent of using matter as a synonyme for exten- 
sion. Le Grand says that a vessel filled with gold has not more matter 
than one filled with water. There is more weight, he says, more hard- 
ness, &c., but not therefore more matter; for the essence of matter is 
not in weight, nor in hardness, &c., but in extension. And he objects 
to the adage that “Nature abhors a vacuum,” because he considers 
such an assertion merely to amount to saying that Nature abhors a 
contradiction in terms. Newton (‘ Principia, book iii., prop. 6, cor.“4) 
I his opinion of the vacuum question in this way : “ If all the 
id particles of bodies are of the same density, so that rarefaction 
cannot take place without the creation of pores, there must be a 
vacuum.” Since matter is of different density in different substances, 
and since the same substance may be compressed into smaller space or 
expanded into larger, it must either be that the solid particles are 
contracted or , or that vacuous exist. This alternative 
does not do m A person trained in sciences as they now exist, 
thinks the idea of solid matter (that is, entirely solid, without any 
vacuum) being compressed into more solid matter, to be most incon- 
gruous and i ble ; but im ions derived from habits -_ not 
arguments. woes J aghes Newtonian argument arises how- 
ever from the results of the planetary theory. These celestial bodies 
have moved, during two thousand years of recorded observations, with 
exactly the same mean motions as at present, which they could not 
have done if they had moved in a medium of any sensible resistance. 
lf then the celestial be full of matter, it is matter of sucha 
degree of tenuity that two thousand years is not enough to make it 
show any visible effect in altering the motions, But again, 
though this argument has, almost up to the present time, induced astro- 
nomers to suspect an absolute vacuum, yet very recently the feather 
has shown a resistance which was not manifest against the guinea. A 
comet has been strongly suspected—all but proved—to be undergoing 
precisely the same sort of change in its mean motion which it is known 
would result from a resisting medium. (Comers, col. 68.] The undu- 
latory theory of light, moreover, which is now pretty generally received, 
supposes the whole of the celestial spaces to be fi with lumini- 
ferous ether. The astronomical argument, therefore, in favour of 
absolute vacuum has fallen ; but the views of the constitution of matter 
Le rete with the rise of the molecular sciences of chemistry, 
2 , 
e cannot enter into the various probabilities in favour of the molecular 
theory, which supposes matter to be atomic, the atoms being perhaps 
distances which are many times their own diameters. If any 
one were to assert that the densest substance has in it many millions of 
times more of vacuity than of solid matter, the assertion could not be 
nor even shown to be improbable. “ There are difficulties,” 
Dr. Johnson, “ about a plenum, and there are difficulties about a 
tacuum, but one of them must be true ;” that is, either all space is full 
of matter, or there are parts of s which have no matter. The 
alternative is undeniable, and the inference to which the modern phi- 
losophy would give the greatest probability is, that all space is of 
matter in the common sense of the word, but really occupied by par- 
ticles of matter with vacuous interstices ; showing all degrees of density, 
from that of the ether of light, which is wholly unappreciable, to that 
of hammered platinum, which is twenty-two times as heavy as water. 
Probably the manner in which the reader is most familiar with the 
use of our leading word is in connexion with what he may have seen 
written on the maxim which we have already quoted—*‘ Nature abhors 
@ vacuum ;” a doctrine which, though common among the followers 
a en ee 
ee from philosopher himself. is is usually cited as 
a A tgp puerility of the ancient and middle philosophy—we 
ul somewhat unjustly. The ification of Nature is common 
to all times, and we are in the habit of saying that Nature exhibits 
phenomena, conceals her  Cepeays uses the simplest means, &c. 
Now Nature may as well abhor, as exhibit, conceal, or employ ; and 
Onagcwepey seanlrie , all who use the word Nature mean 
the God of Nature : while when the mere operations are referred to, 
Nature is only the personification of the zollective body of second 
causes. As the statement of a fact, it is true: Nature does, to the 
best of our knowledge, abhor a vacuum; she (if we may personify her) 
never suffers it to exist to the extent of allowing any space which is 
perceptible to our senses to be vacuous. But if the were meant 
to mt reason for the fact, those who used it were deceiving 
themse but not so that the most of those who would laugh at 
them would have any reason in their mirth. It is the error of every 
period to use words expressive of a fact observed in the sense of 
assignment of a reason for that fact; and the centuries which have 
always been ready with their fluids to stand for the causes of heat, 
electricity, a &c., should not be too hard upon the pre- 
ceeding ages, w 


icity, &c., have supplied its place with much more effect. . 


namely, a word invented to supply the place of a cause. Those who 
can use the former word in a really philosophical sense are precisely. 
those who can see that some of the ancients may have done the same 
with the latter. 

“ The question of the existence of vacuum, in its strict and absolute 
sense,” to repeat the designation given in the preceding portion of this 
article, which is reprinted as it originally appeared, on account of its 
historical and philosophical value, is inseparable from that of the 
nature of s' If space, as s in a former article [PHystcaL 
Forcrs, CORRELATION oF, col. 496], be “the extension of material 
substance, the resultant of its dimensions, and mere consequence of 
its existence,” an absolute vacuum is in the nature of things impos- 
sible. But the admission of the existence of space distinct from 
matter is equivalent to affirming the existence of an absolute vacuum, 
Space distinct from matter is nothing else. This subject, however, 
resembles others of what may be termed transcendental natural 
eI. Oe such as the (alleged) infinite divisibility of matter or of 
space, the absolute*zero of heat, &c. The affirmative of each is purely 
imaginary, being something which is mentally conceived to be 
abstractedly and intrinsically possible, without any reference to known. 
physical facts, which are gratuitously assumed, not in reality to 
define and limit the subjects, but to depend altogether, in relation to 
‘them, on the n imperfections of the senses and of our finite 
condition. But neither by observation or experiment, nor by mathe- 
matical reasoning from either, do we know anything about space 
distinct from matter, about the infinite division of matter, or about the 
existence of anything but at some temperature or amount of heat in the 
state or condition in which it causes expansion. (The calculations which 
have been made as to the number of thermometric degrees between some 
known temperature and the sup} absolute zero are entirely nugatory, 
and unworthy of attention. There is no more reason to believe in the 
existence of an absolute zero than in absolute rest, or in a limit to space, 
or than to believe, for philosophical reasons, in the cessation of pheno- 
mena, or in the beginning or the end of time.) And these three subjects 
—the alleged absolute vacuum, infinite division of matter or of space, 
and absolute zero or its converse—are as inseparably connected in mental 
conception, as are the physical types of which they are abstractions in 
observed fact. E > 

To divest the subject of a notion introduced—we think unneces- 
sarily—into modern discussions on the divisibility of matter, we must. 
here premise that absolute vacuum and empty space, or space distinct 
from matter, being the same thing, it is clear that there can be no 
infinite division of space; while, by hypothesis, so far as our argument 
has yet advanced, there may be infinite division of matter. But admit- 
ting space to be the property of matter, its divisibility is the same 
thing as that of matter, and the possibility of that divisibility must 
depend on that of matter itself. 

This being premised, we return to the main union of subjects before 
us. The mental conception of an absolute vacuum is in reality incom- 
patible with that of the infinite division of matter and of the absolute 
privation of heat; though, remarkably, some philosophers, and even 
modern men of science, have affirmed the second and third (the two 
latter) and denied the first, while others, also, have denied the first 
and third but admitted the second. If, again, matter be infinitely 
divisible, there can be no absolute zero, since everything must exist at 
some temperature, which, in fact, is as inseparable from material 
existence as 5) and time themselves. If there were an absolute 
zero, matter could not be infinitely divisible, for, there would be (an 
inferior) limit to its ex: ibility. 

But, on the other hand, the idea of the only finite divisibility of 
matter does not imply that of an absolute zero, though it is the only 
notion of divisibility compatible with it; because the finite particles of 
matter, like the masses they compose, must be susceptible of indefinite 
reduction of temperature, if they retain the character of matter. 

We must descend, site Setheg bs these views to the observed facts 
from which we believe they are necessary inferences. The sum of our 
actual knowledge, whether exclusively experimental or also inductive 
or deductive, is, that something (but not everything) exists everywhere ; 
that everything exists in some place—that is, in, or is, some part 
of space, is of some magnitude and of some temperature, and that 
nothing is at rest—that is, that the place of everything is always 
changing. In absolute truth these are, we believe, if not identical 
propositions, yet such as involve each other, though to prove this would 
require greater length than we can now command. 

In the present era of physical science, that inaugurated, in certain 
directions, by the successive labours of Volta, Davy, Oersted, Seebeck, 
and Faraday, a belief that the intervention of material particles is 

y for the tr ission of any kind of force, and therefore that 
no force does or can operate phen 3 unoccupied space or vacuum, has 
gradually, but, until a comparatively late period, as it were silently, 
grown up. The force of the evidence which had accumulated, however, 
appears not to have been recognised until after the appearance (in the 
‘ Philosophical Tra tions’ for 1835-1838) of Dr. Faraday’s experi- 
mental researches on electrical induction. We have been of opinion, 
from the time of their publication, that these in reality involve the 
demonstration of the impossibility pf distant action, and therefore of 
the necessity of the intervention of particles by which the action may 
be and is transmitted from one acting body to a distant one; and it is 
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cértain that the awakening of the attention of philosophers to the true 
condition of the subject involved, dates from about that time.* This 
result is of course fatal to the admission of a true physical vacuum. It 
is remarkable that this result bad been clearly anticipated by Newton 
himeelf, who held that the planetary spuces could not really be vacuots 
because they were trav by the force of gravity. This remarkable 
expression of Newton's sagavity and power of thought has had a singular 
fate, Recorded in 1693, it remained unpublished for nearly a century, 
when it appeared (in 1783) in Horsley'’s edition of his works, But it 
seems to have remained unregarded until it was brought forward by 
the celebrated Professor Playfair, so late as the year 1819—more than 
a century and a quarter after its original enunciation—and that merely 
for the pris of proving “ that Newton did not consider gravity as a 
property inherent in matter.” But even Playfair did not perceive the 
entire force of the passage, and, indeed, the light which electricity was 
destined to throw on all branches of molecular physics had not then 
been received ; Faraday had not yet replied to Playfair's question, “it is 
not quite clear in what manner the interposition of a material substance 
can convey the action of distant bodies to one another.”+ A third 
rid more of a century was destined to elapse, when Faraday cited 
ewton’s expression, to the general surprise of the scientific world, in 
one of his discourses at the Royal Institution, in 1853, in order to show 
that Newton “ was an unhesitating believer in physical lines of gravi- 
tating force,” and must be ranked “amongst those who sustain the 
sical nature of the lines of magnetic and electrical force.” The 
irreconcilability of the conception of lines of physical force with that 
of an absolute vacuum, identifies the subject now reviewed with that 
of the present article, 

We proceed to notice some modern and comparatively recent expe- 
rimental investigations, involving the production of nearer atid nearer 
approximations to a gtr vacuum, or the more and more complete 
removal of ponderable matter from an inclosed space. It is matter of 
this kind only, the quantity of which, in a given space, can at all be 
diminished ; that of the matter of a higher order, the ether which 
manifests and transmits heat and light and perhaps etism, accord- 
ing to our present experitnental means, cannot be a’ ; though 
apparently acted upon in a certain mannner by the molecules of 
ordinary matter, it cannot be confined or diminished in amount, any 
more than it can be measured or weighed. Or,—to e this in 
terms independent of theory,—a vacuum transmits light and heat, 
diminished only by the imperfect transparency and transcalescence of 
the including vessel. In the investigation in question, more or less 
perfect vacua have been obtained by the air-pump ; others on the prin- 

iple of the space void of air left above the mercury in the barometer, 
ed the Torricellian vacuum ; some by the combination of both these 
means; and others again by the union of one or both with chemical 
agency, by which apparently the most perfect vacua have been produced. 

Dr Thomas priming PRS. Vice-President of Qhset’ Célloes, 
Belfast, whose refined physico-chemical researches have required the 
use of the nearest approach to a perfect vacuum in which certain 
instruments could be Stet 
bably a more perfect air-pump vacuum than had before been produced. 
He characterises the Torricellian as the nearest approach to a perfect 
vacuum which at the time when his method was devised had been 
obtained “It is true,” he remarks, “that it contains a little mer- 
curial vapour at the ordinary temperature of our summers, and probably 

" also at lower temperatures, but the quantity is exceedingly small, and 
its influence in depressing the barometric column must be altogether 
inappreciable. Besides the mercurial vapour, a trace of air may gene- 
rally be detected.” Dr. Andrews shows that it is easy to calculate 
approximatively the depression of the column produced by this; and 
he finds that if the diameter of the bubble be 0°02 inch, the pressure of 
mercury under which it has been measured 2 inches, and the volume 
of the space above the mercury when the tube is vertical 1°2 cubic 
inch, the depression of the mercurial column is nearly 0-00001 ; “ 
the depression of the mercury, in consequence of the vacunm not being 
absolutely perfect (with respect to air), amounts only to mm of an 
inch. It is easy in actual practice,” Dr. Andrews continues, “to realise 

* See a critical notice of Faraduy’s ‘xp. Res,’ in ‘ Phil. Mag.,’ June, 1839, 
ser, iii., vol. xiv., p. 469. 

t ‘Second Dissertation on the Progress of Mathematical and Physical 
Selence;’ Supplement to ‘ Encyclopwdia Britannica,’ vol, iv., p. 83, note; 
* Ency. Brit.,’ sth edit., vol. i, Pp. 684, note. 

} How important to the progress of the science of physical forces this 
calling the attention of philosophers to Newton's views has really been, will 
appear from the following extract from the ‘ Theory of the Force of Gravity,’ 
by Professor Challis, published in the ‘ Philosophical Magazine’ for t b 
1859, p. 442. “The actio in distant has been ¢o long and so extensively re- 
garded as an ultimate principle, and not as a temporary hypothesis admitting 
eventually of explanation, that it requires some degree of moral coursge to 
maintain a different theory. Sei » in my opinion, is much indebted to Pro« 
fessor Faraday for having recently directed attention to the opposite views 
entertained by Newton on this point, and for giving expression to a 
ideas of his own, (see the Lecture on the Conservation of Force, in the * Fhil, 
Mag.’ for April, 1857, vol. xili., p. 232.)” he lecturo referred to was delivered 
in the preceding February; but Faraday, as we have seen above, had originally 
directed attention to Newton's views in 1853; and he regarded their importance 
9 #0 great, that he had recalled them also in his discourses of the two following 


ed, has devised a method of obtaining pro- ' 


“ attenuation,” in the 


substance which is acted upon by mercury, and noticing the i < 


elastic force. ’ 
“ Into the receiver of an ordinary air-pump, which is not required to 
exhaust further than to 0°3 inch, or even 0°5 inch, nt which wana ln 
retain the exhaustion for any length of time, two open 
vessels are introduced, one of which may be conveniently above 
the other; the lower vessel containing concentrated sulphuric acid, — 
the upper a thin layer of a solution of caustic potash, which has 
been recently concentrated by ebullition. The precise quantities of 
these liquids is not a matter of importance, provided they are so_ 
x3 that the acid is capable of desiccating completely the potash — 
ution, without becoming itself notably diminished in strength, but 
at the same time does not expose so large a surface as to convert the — 
potash into a dry mass in Jess than five or six hours at the least, The 
pump is in the first place worked till the air in the receiver has an 
elastic force of 0°3 or 0°4 inch, and the cock below the plate is — 
then closed. A communication is now ished between the tube 
for admitting air below the valves,and a gasholder containing car- 
bonie acid, which has been carefully so as to exclude the 
presence of atmospheric air. After all the air has been com La 
removed from the connecting tubes by alternately »? 
admitting carbonic acid, the stop-cock below the plate is 
the carbonic acid allowed to pass into the receiver, The 


On leaving the ms pa! to itself, the car- 
bonic acid which has displaced the residual air i 
alkaline solution, and the aqueous vapour is r 
the sulphuric acid. The vacuum thus obtained is so perfect, that even 
after two operations it exercises no appreciable tension.” ins 
Even after this limit has been reached, the exhaustion may be pushed 
still further, “till it must become at last not less complete than the 
Torricellian vacuum; while at the same time by Mg gorse: ees 
mianometer, the existence of mercurial vapour may bese" a 
prevented. The manipulation required to arrive at this result will 
not interfere with the presence of even the most delicate instruments —__ 
in the receiver.” - In an experiment which Dr. Andrews describes, the 


theoretical residue of air would be mon of the entire quantity in the 


receiver, which would cause a depression of 7,45 of an inch only, and 
this, he says, must have been nearly ised, Such a vacuum 
remained without the slightest change for fourteen days. ‘ Phil. Mag.,’ 
Feb., 1852; ‘ Quart. Journ. of Chem. Soe.,’ vol. v., p. 189-192, a 

Unless the still more perfect carbonic-acid vacua employed by 
Mr. Gassiot, and about to be described, should be obtainable in com-— 
paratively large vessels adapted for the observation of instruments, &.,_ 
-—towards which result, indeed, Mr. Gassiot has made some a 
—Dr. Andrews's method appears to be the most eligible ior the 
generality of exact researches for which a vacuum is required. 

In a paper ‘ On the Electrical Phenomena exhibited in Vacuo,' by 
Sir H. Davy, in the ‘ Philosophical Transactions’ for 1822, he relates 
some experiments which he made for the purpose of elucidating “ the 
relations of electricity to space, as nearly void of matter as it can be 
made on the surface of the earth.” He repeated the electrical experi- 
ments with the Torricellian vacuum of Morgan and Walsh, and 
instituted others with similar vacua above a difficultly fusible amalgam 
of mercury and tin, and above fused tin. With the results as bear- 
ing on the theory of electricity we are not at present concerned; but 


these approximations to vacuous 5: were, of course, in reality, 
atmospheres of the vapours of the metals employed, though of 
excessive rarity ; and a calculation made by Mr, Bab for the author 


may be cited, as indicating how minute niust have been the quantity 
of matter which they contained—how great must have been its 
age of the present day—which is a point of 
information important to the subject of this article, Considering the 
elastic force of vapour of water at 52° to be equal to raise by its pressure 
about *45 of an inch of m j the relative strengths of vapour will 
be, reckoning the boiling points all from 52°, for mercury at 600°, 
“000016615, ..... and for tin, at 6000°, 37015, preceded by 48 zeros, 
The data on the diminution of the of vapours by diminution 
of temperature supplied in this case by the chemist to the mathema- 
tician were probably in sore degree erroneous, and the results would 
be affected by the limit to vaporization for every substance at a certain 
temperature which Faraday, a few years after, rendered so highly 
probable, if not cértain, but the latter would operate to diminish the 
density of the metallic vapours in question; and we may, all things 


VACUUM. 


VAGRANT. 526 ~ 


considered, accept 
quantities of matter they are intended to represent. : Rn 

Mr. Grove (‘ Phil. Trans.’ and ‘ Phil. Mag.,’ 1852) having originally 
observed a peculiar striation in electric discharges taken in a well- 
receiver, apparatus in some respects similar to 
has been constructed by Mr. Gassiot, for the 
that phenomenon as observed in Torricellian 
means of a process devised by the late Mr. John 
” 1856, p. 507), he has produced more ‘ect 


vacua, 
Welsh (* Phil. perf 
‘Phil. Trans.’ 1858, 


Torricellian vacua than any before obtained. 
8, 5. i 
Pb Aa cuaiktacadlde tof, tho vecearelise which these experiments of 


exceeding in this respect the most perfect Torricellian vacua previously 
with by the old electricians, and by Davy, as well as 

first employed by Mr. Gassiot himself. For the purpose of 
obtaining them, a method has been adopted, often indicated, and to a 
certain extent employed, in chemical and physical research, but now 
pursued with much greater care and refinement, and with all the 
which the most delicate operations of 


vacua obtained an application of the method 
>, but which, iis underatocs, 


which each particular vacuum had been obtained, and finding that 


: cellian vacuum, and lastly hermetically sealed ; the attenuated medium 
a within thus beirig mercurial vapour, plus the remains of air or of the 
5 gas with which the tube had been originally filled. 


ey 7 
Ruhmkorff inductive coil, found by Mr. Gassiot in these researches to 
be the most delicate of all tests of the presence of ponderable matter, 

é these vacuum-tubes were at length ascertained to be void even of the 

" slightest trace of air or gas, mercurial vapour alone remaining. But 

of the investigation required that this also should be 

, and a still nearer 1 obtained. This 


I 


repeatedly 
exhausted ; finally exhausted to the utmost limit of the capability 
the air-pump, and sealed. These were found, on the application of 
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of which, this vacuum may be inferred to be about equal, 
so large a vessel, to the best Torricellian vacuum in com- 
The minute fraction of ponderable matter pre- 
been calculated in any of these instances, 
earest approach to a true physical vacuum that science 
. Mr. Gassiot concludes his paper with 
remark—adopting a suggestion made by Mr. Brayley—“ 
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to vaporation (vaporisation), the existence of which Faraday and 


have, if 
ined, and its consequences exhibited by direct experiment.” 
» p- 157.) 
Such is the present condition of this “subject, one of the most in- 
most extensive in its philosophical applications which 
can claim the attention of the physicist and the chemist. The bearings 
of Mr. Gassiot’s results, and of those obtained by other experimenters 
with similar apparatus, on the nature and theory of electricity, how- 


F 


i 
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ever important, are ign to the object of this article. But the 
terms in which they have described and the reasuning which has 
been founded upon them 


involye a subject which is strictly within 
immediate 


We conceive that the true and indu from 


these numbers as fair expressions of the minute } 


these results, is, in general terms, that in consequence of the diminu- 
tion in density of the media through which the electricity has to pass 
—that is, of the diminution of the quantity of matter contained in a 
given space—certain properties of electricity are exhibited in a manner 
which a denser medium precludes it from manifesting : that this takes 
place up to a certain point of rarefaction, through which, if electricity 
can pass at all, greater intensity is required; or it may even be that a 
vacuum absolutely free from ponderable matter, which luminous 
electricity requires for its production and convection, has been tempo- 
rarily obtained. Considering the nature and circumstances of the 
vessels and materials by which only it can be obtained, it must necessa- 
rily be temporary only. But the results have been described and 
reasoned from (originally, we believe, on account of certain views 
respecting the nature of matter entertained by Mr. Grove, to which we 
have elsewhere adverted), as if they depended, not on the removal of 
ponderable matter, but on its presence in an increased degree and with 
increased tion of ph But in proportion to the com- 
pleteness with which such matter is removed from an inclosed space, 
the ether which it still contains will be more free to exhibit its pecu- 
liar properties, unimpaired by the presence of an inferior. and grosser 
form of matter; and the phenomena which have been attributed to 
“ attenuated (ordinary) matter,” ought, we conceive, to be ascribed to 
the unincumbered ether which remains. The fact that a certain 
amount of ordinary matter is essential to the manifestation of any 
sensible effects whatever by the electricity does not militate against 
this conclusion. lt should be so. The conduction, or the convection 
by induction, of electricity belongs to ordinary matter, while the 
reception and transmission of impressions from it in the form of light 
and heat,*belong to the higher order of matter, the ether. 

VAGABOND. [Vacranr.] 

VAGRANT. This term, which in its etymological meaning simply 
denotes “a wandering person,” is obviously derived from the Latin 
vago. it was probably introduced into our law language from the 
Norman French; the phrase “vageruntz de liew en lieu currantz per 
paiis” occurring in our early statutes in the sense in which the word 
“vagrant” is used in common language at the present day. (Stat. 7 
Ric. LI.,¢. 5) The persons to whom it is applied in ancient documents 
are usually classed with “ faitours,” (a word of doubtful origin, but 
meaning an idle liver or slothful person: Cowell’s ‘ Interpreter ;’ _ 
Kelham’s ‘ Dictionary,’) “travelyng-men,” and “ vagabonds.” The 
latter expression, “ vi mdus,” was known throughout Europe in 
connection with feudal law, and is interpreted to mean “ crebro ter etm 
cui nec certum domicilium, nec constans habitatio est.” (Calvini 
‘Lexic. Jurid.’) It was used in this sense in English law as early as _ 
the reign of Henry II. (Cowell's ‘ Interpreter.’) Modern laws have 
however given to the word * vagrant” a much more extended meaning, 
in the application of which the notion of wandering is entirely lost. . 

In the course of the transition made by the lower classes of society 
from the condition of feudal villeins to that of free labourers, vagrancy 
and dicity ‘ily d from the unsettled state of the poor ; 
and in most countries where feuds had prevailed, severe laws were 
made to repress the evils which sprung from this source. In England 
various statutes and ordin: r d from time to time to obviate 
the inconveniences arising from wandering mendicancy. The earliest 
of these was a statute of ordinance, made in the 23rd year of Edward 
IIL. (1349), commonly called the Statute of Labourers, which, after 
reciting that '‘ many sturdy beggars (validi mendicantes) were enabled 
by the gains of begging to live, and to devote themselves to pleasures 
and sins, and sometimes to thefts and other crimes,” forbade “all 
persons, on pain of imprisonment, to give anything under colour of 
piety or charity to such as were able to labour.” In 1366 there is a 
petition of the Commons complaining of wandering artificers and 
servants becoming beggars in order to support an idle life, and praying 
that it might be forbidden under a penalty for any one to give alms or 
sustenance to any such idle beggars; and that they should be appre- 
hended and put in the stocks or sent to jail until they found surety for 
their return to their own country. (‘Rolls of Parliament,’ vol. i., p. 
$40.) The answer to this petition does not appear: but a few years 
afterwards a statute was passed making it (almost in the language of 
the petition) penal for artificers, servants in husbandry, and others, 
without a special licence, to quit the town, hundred, or wapentake in 
which they lived, to live and work in another town, hundred, or 
wapentake; and persons found t (vagarant) without such 
licence might be in the s and imprisoned by the local 
authorities, until they found security for their return to the place to 
which they properly belonged. (Stat. 12 Ric. IL,c¢. 3.) It was also 
enacted that “those who were able to work and went begging should 
be dealt with as persons travelling without a licence, and that beggars 
unable to work, dwelling in cities or towns, should remain in such 
cities or towns; that if such cities and towns were unable to support 
them, they should be taken to other places within the same hundred or 
wapentake, or to the place of their birth, and there remain during 
their lives.” (Stat. 12 Ric. IL, c. 7.) And it was probably upon the 
principle declared by these laws, that in the 15th century it was held 
to be lawful for any person to arrest and send to jail a man “ found 
wandering (vagarant) in such manner that it is unknown how he gets 
his living.” (‘ Year Book, 9 Edw. IV., c. 27.) A statute which was 
passed in 1494 declared that all “vagabonds, idle and suspected 
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ne, should be set in the stocks three days and three nights, and 
aeucee other sustenance but bread and water, and then should be 


put out of the town; and that whosoever should give such idle 
persons more should forfeit 12 pence; and that every not able 
to work should resort to the hundred where he last dwelt, was best 
known, or was born,and there remain, upon the pain aforesaid.” 
(Stat. 11 Hen. VIL, c. 2.) This vague enactment was followed by the 
more definite provisions of the stat. 19 Hen. VII., c, 12, which 
declared that impotent beggars should go to and abide in the city, town, 
or hundred where they were born, or else the place where had 
a last abode for three oe macho rule of settlement = 
adopted in the statutes subsequently inst vagrancy in 

reigns of Henry VIII., Edward VL, Mary, and lzabeth (Nolan's 
* Poor Law,’ chap. xv.) By stat. 22 Hen. VIL, c. 12, the justices of 
the peace in every county were empowered to grant licences under seal 


to “ poor, aged, and impotent persons,” to beg within a certain precinct; 


and without licence or out of their cts were to 
be hipped or set in the stocks for three days and nights, with 
dread and water only. This provision applied to impotent vagrants. 


On the other hand it was provided that if any person, “ being whole 
and mighty in body,” and able to labour, should be found begging or 
t, he should be taken before a magistrate, who might direct hi 
to be whipped out of the place at the end of a cart, “ till his body was 
bloody,” and should then be sworn to return to the place where he was 
horn, or last dwelt by the space of three years, and there to put him- 
self to labour as a true man ought to do. He was to be provided with 
a certificate of his punishment, stating the place to which he was going 
and the time allotted for his journey; and during that time he might 
beg by the way. Another law passed against beggars and vagabonds 
was the 27 Hen. VIIL, c. 25, which, though severe in its terms against 
such persons, approached more nearly to just principles than previous 
enactments on the same subject, inasmuch as it provided a legal mode 
of supporting the poor, and thus took away the common apology for 
vagrancy. This law directed the governors of shires, cities, towns, 
hamlets, and parishes, to find and keep every aged, poor, and impotent 
person, by way of voluntary and charitable alms, with such convenient 
alms, that none of them should be compelled to go openly in begging : 
children under fourteen years of age and above five, taken_ begging, 
were to be put to work: “avaliant beggar or sturdy vagabond” was 
to be, for the first offence, whipped and sent to his place of settlement ; 
and if he continued his roguish life, to haye the upper part of the 
gristle of his right ear cut off; and if after that he was taken wandering 
in idleness, or did not apply to his labour, or was not in service with 
any master, he was to be indicted and tried as a felon, and if found 
guilty, to suffer death. 

Notwithstanding the above laws, vagrancy appears to have greatl 
increased at the commencement of the reign of Edward VL, of which 
effect the abolition of monasteries was one main cause, Previously to 
the Reformation churches were bound by law, both civil (stat. 15 
Rich. IL, c. 6) and ecclesiastical, to contribute a portion of their 
income to the living ard sustenance of the poor, and the gates of 
the religious houses were thronged by beggars, who daily received a 
donation of food, and sometimes of money. This practice contributed 
no doubt to increase the number of idle beggars, who, upon the with- 
drawal of their accustomed means of support by the dissolution of 
the monasteries, became vagrants. To remove the pressure of the 
evil thus occasioned, an enactment of unexampled severity was devised. 
The stat. 1 & 2 Edw. VL, c. 3, after reciting that “the multitude of 

le given to vagabondrie and idleness had always been within this 
Gaston very great, and more in number than in other regions,” and that 
the laws of preceding reigns had been found ineffectual, repealed all 
statutes previously made for the punishment of vagabonds and sturdy 
. It then enacted that all able-bodied , without property 
sufficient for their support, who should, “ either like serving men 
wanting masters, or like beggars, or after any other such sort, be 
lurking in any house, or loitering or idle-wandering by the highway’s 
side,” or who in towns should not apply themselves to any serviee or 
art, and should so continue for three days without offering to labour 
for meat and drink (if no man otherwise will take them); or who, 
having been taken to service, should leave their work or run away, 
should be taken to be vagabonds; and that it should be lawful for 
any person having offered or given work to any such idle person, and 
for any other person espying the same, to bring such idle person before 
two justices, who should immediately cause him to be marked with a 
hot iron on the breast with the letter v, and adjudge him to such pre- 
senter “ to be his slave ; to have and to hold the said slave unto him, his 
executors, or assigns, for the space of two years then next following, and 
to order the said slave as followeth (that is to say), to take such slave 
with him, and only nme Se bread and water, or small drink and 
of meat as heshall think meet, cause him to work by beat- 

ing, chaining, or otherwise in such work and labour (how vile soever it 
be) as he shall put him unto.” The statute also provides that an action 
of trespass ry hd maintained for a runaway slave, and that the run- 
away himself , upon his apprehension, be adjudged by two justices 
to be his master’s slave for ever. If he ran away a second time, the 
slave became a felon, and might be tried and executed as such. This 
singular enactment further declared that a master might “let, set 
forth, sell, bequeath or give” the service and Jabour of such slaves, 


upon such condition and for such term of “og: as he might do with 
any other of his moveable goods or chattels. “ Some pcre 
Burnet, “ this law against vagabonds was too severe, and contrary to 
that common liberty of which the English nation bas always been very 
sensible. Yet it could not be denied but extreme diseases require 
extreme remedies; and ps there is no punishment too severe 
for persons that are in health, and yet prefer a loitering course of 
on to a pers employment.” (‘History of the Reformation, 
vol. di., p. 45. 

The consequence of the absurd severity of this law was that its pro- 
visions were not carried into execution; and found wholl 
ineffectual, it was by the statute 3 & 4 Edw. VL, c. 16, w 
also repealed all former laws upon the same subject excepting the 
— hey i. SE ead of pra nae She 
idw. VI., c. 2) slightly modified-the preceding laws; but regula- 
tion of vi ts and mendicants stood in effect upon the footing of 
the three 
Elizabeth. 


About the beginning of the reign of Elizabeth, a description of 
sons called rogues first in the general class of vagrants. 
derivation of this word is ear given by ists. Horne 
‘Tooke derives it from a Saxon word signifying “c ,” or covered, 
(‘ Diversions of Purley,’ vol. ii.) Webster takes it from another Saxon — 
word, and Dr. Johnson admits its derivation to be uncertain. Lam- 
bard says “ the word is but a late guest in our law; for the ancient 
statutes call such a one a valiant, strong, or sturdy beggar, or Y 
bond, and it seemeth to be fetched from the Latin ‘rogator,’ an asker 
or beggar.” (‘Eirenarcha,’ book iv., chap. 4.) Dalton also says “a 
rogue may be so called quia ostiatim rogat.” (— 4 
chap. 83.) It is believed that the word does not occur in 
language before the middle of the 16th century; and if so, it is pro- 
bably one of those cline Eo words by melo that period, — 

ts, in counterfeiting tians or gipsies, to designate 
different classes of their own “ ungracious rabble,” and of which 
Harrison enumerates twenty-three degrees. (Harrison's ‘ Description 
of rep prefixed to Holinshed’s ‘ Chronicles.’ 

In the course of the reign of Elizabeth the evils of vagrancy increased 
to an alarming extent; and although the accounts given by historians 
of the multitude of vagabonds in England are founded upon rude esti- 
mates, and are probably somewhat os py there is undoubted 
evidence that the numbers and attitude of these persons at that peri 
constituted an evil of dangerous magnitude. tae relates that in 
1569 circular letters were issued by the privy to the sheriffs of 
the different counties, directing them to search for and apprehend “all 


vagabonds and sturdy beggars, commonly called rogues or Egyptians ;” 
and he says that on the search ‘through the nation 13,000 “ masterless 
men” were taken up. (Strype’s ‘ Annals,’ vol. i., part 2, pp. 295, 296, 


554.) Harrison, who wrote towards the end of Elizabeth's reign, states 
that the number of vagrants in England in his time amounted to above 
10,000 (‘ Description of England’); and Strype publishes a 5 
written, in 1596, by a justice of the peace of Somersetshire, which 
affirms that there were 300 or 400 wandering idle in every 
county, who met at fairs and markets for purposes of theft and rapine, 
and who sometimes assembled in troops to the number of 60, and com- 
pletely overawed the magistrates and constables by their audacious 


threats. og ae * Annals,’ vol. iv., p. 405.) The recorder of London, — 
to 


in a letter ord Burleigh, written in 1581 (Ellis’s ‘ Letters, vol. ii., 
p. 283), gives a remarkable account of the prevalence of vagrants in the 
me’ is at that period. He says, that being informed that the 
queen, “in taking of the air in her coach at Islington, had been 
environed with rogues,” he went abroad himself and took seventy-four 
es, “ whereof some were blind, and yet great usurers 
rich.” A day or two afterwards he says that, in conseq) 
rants issued by him, he received “a shoal of forty rogues, men and 
women, from Southwark, Lambeth, and Newington,” and after bestow- 
ing them in Bridewell, he “ perused” St. Paul’s, and took about twenty 
“cloaked rogues that there used to keep standing.” Notwi' 
this zeal and crplns DP ruappiacs § still increased in the metropolis, 
in numbers and audacity ; and the efforts of the ordi 
having failed to prevent the frequent and dangerous 
tumults occasioned by offenders of this description, they were, in 1595, 
placed under sae law. The instrument appointing a ‘ost- 
marshal for this purpose authorises that oltioss #40 wenekr within ane 
venient company to all common highways near to the city of London, 
where he should understand that any by ical secpery did haunt ; and 
calling to his assistance some convenient n) of justices and con- 
stables, to apprehend all such vagrant and persons, and 
deliver them to the said justices, to be by them committed and 
examined of the causes of their wandering.” It then directs him that 
“if such persons should be found notoriously culpable in the unlawful 
manner of life, as incorrigible, and should be so certified to him by the 
justices, he should by law-martial cause some of them to be executed 
upon the gallows or gibbet.” (R: "s ‘ Foedera,’ vol. xvi., p. 279.) 
The means of su or dimi vagrancy and mendicancy 
were constant subjects of discussion in the parliaments of Elizabeth, 
With this view, extraordinary means of relief were devised. Voluntary, 
subscriptions of sums of money, varying in amount to the 
rank and supposed ability of the contributors, were made in both, 
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-mentioned statutes until the latter part of the reign of : 
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Houses to relieve “the great number of poor people ing in the 


press 
- streets to beg.” (D’Ewes'’s ‘ Journals,’ pp. 462, 463, 499, 503.) Orders 


were also made that those who erred private bills in the House of 
Commons should pay 107. or 5/., according to the subjects of their 
bills, to the relief of the , to be distributed as the House should 


18 Eliz.,c, 3.) At length, in 1597, after experience had shown that 
temporary i and ill-directed charity only increased the 
amount of , and that severe punishments and penalties were 
wholly ee nreerenting it, the House of Commons appointed 
a committee to whom most of the existing laws relating to the con- 
dition of the , as well as certain bills for their amendment, were 
(D’Ewes's ‘ Journals,’ p. 561.) This committee, of which 
is Bacon was member, and which was composed of all the 

ical men of the House, seems to have perceived and to a certain 
renee eee eenay a nce fo Justlty aererity agpinet 
vagraney and mendicity, it was necessary to provide the means o: 

ing that destitution which was the ready and plausible excuse for 
both. therefore prepared the stat. 39 Eliz., c. 3, which for the 
first time ised that machinery for the legal relief of the poor 
which was a few years afterwards completed and made perpetual by 
the stat. 43 Eliz. c. 2. The same i also recommended 
measures for encouraging 
working houses,” for the poor, and for improving and reforming such 
as were already in existence, but had been misapplied or abused. And 
at the same time they introduced a more rational enactment for the 
correction and suppression of fraudulent vagrancy than had previously 
existed. (Stat. 39 Eliz, c. 4.) “Many statutes,” says Sir Edward 
Coke (2 ‘ Inst.’ 728), “have been made for the punishment of rogues, 
vagabends, and sturdy beggars, but very few to them work and to 
enforce them thereunto.” The statute 39 Eliz., c. 4, supplied this 


deficiency by providing houses of correction, with stocks, and materials 
for the em) tt of the inmates, and enforcing the use of the 
means thus in the hands of the poor i 


severe penalties against 
the idle. isions of this statute, with some alterations made 

the stat. 1 Jac. L. ce, 25, continued in force during the whole of the 
17th century; and when repealed by the stat. 12 Ann., stat. 2, c. 23, 
still served as the model and foundation for future acts. It declared 


sturdy eo — persons 
begging; 2, sea-faring men, pretending losses of their ships or goods, 
about begging; 3, idle persons Caps. Souter country, either 
p68. i wful games or plays, or 
i themselves to have knowledge in physiognomy, istry, or 
ication to be pro- 
; 5, fencers, bear-wards, 
common players of interludes and minstrels wandering abroad, other 
than players of interludes belonging to any baron of the realm, or any 


tinkers, pedlars, and petty chapmen, Se agirs ene 7, Ww 

persons and common labourers, able in , using loitering, 
refusing to work for reasonable wages, and having no other means of 
maintenance; 8, persons delivered out of jail w 


pretending 7 ; 
felons ae ees aan, & 20), wandering and_ pretending 
person 
above offences might, by the —— of any justice, constable, 


purpose ; and if he was found loiterin; Be Sindee , he might again be 
whipped. If any rogue appeared to dataaicons to the inferior sort 
of people, or not likely to be reformed (an expression which seems to 
have led to the phrase “ incorrigible rogues ”), two justices might com- 
mit him to jail till the next quarter-sessions, and then he might by the 
justices rap be ee — out of the realm, or adjudged per- 
petually to eys of the realm ; and any banished returni 
without leave became a felon. : sapere ty 

The several judi measures which were enacted at this period 
for the relief and employment of the deserving poor, and the punish- 
ment of idle and beggars and vagrants, effectually checked 
for a time the evil, w had only increased in magnitude under the 
previous inefficient and inconsistent laws. Sir Edward Coke, whose 
testimony as a contem; is valuable, says, that “ upon the making 
of the statute of 39 and a good space after, whilst justices of 
peace and other officers were diligent and industrious there was not a 
land ; but when justices and other 
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committee 
the building of “hospitals, or abiding and, 


officers became tepidi or trepidi, rogues, &c. swarmed again.” (2 ‘ Inst.’ 
729.) This disposition on the part of magistrates to neglect or relax 
the laws relating to vagrants is noticed in a proclamation made soon 
after the accession of James I., in September, 1603, which, after re- 
citing the stat. 39 Eliz. c. 4,and that great benefit had at first ensued 
from its due execution, but that, by the remissness, negligence, and 
connivancy of justices, vagrants again swarmed and abounded every- 
where more frequently than in times past, calls upon all justices of 
peace, mayors, and other officers whatsoever, to see that the said 
“profitable and n law” should be carefully, duly, and exactl, 
executed (Rymer’s ‘Food,’ vol. xvi, p. 554). The continued unwil- 
lingness of magistrates to enforce the statute of Elizabeth, notwith- 
standing the above proclamation, occasioned the passing of the stat. 
7 Jac. 1.c.5, which compelled the justices of every county under 
heavy penalties to erect proper houses of correction for setting rogues, 
vagabonds, and other idle and wandering persons to work, and also 
required them to meet twice a year or oftener, if occasion required, for 
the better execution of the law. The justices were also directed to 
cause a general privy search to be made before each of their meetings 
for finding out and apprehending vagrants, who were then to be 
brought before them for punishment; and all constables and tything- 
men were required to e a return on oath to the justices of the 
number of vagrants apprehended by them. By this statute it was also 
enacted that persons running away and leaving their families upon the 
parish should “be deemed and taken to be incorrigible rogues, and 
endure the pain of incorrigible rogues.” This phrase was, therefore, at 
that time become familiar, though it does not occur in any earlier 
statute. In all probability, however, it denoted the class of persons 
mentioned in the stat. 39 Eliz. c. 4, who are there called “ dangerous 
rogues, or rogues not likely to be reformed,” and who were liable to be 
committed to jail until the sessions, and then banished. 

The laws relating to vagrants continued substantially upon the foot- 
ing of the statutes of 39 Eliz. and 7 Jac. I. for more than a century, 
until, in 1744, they were reconsidered and remodelled by the stat. 17 
Geo. IL., c. 5, This was the first legislative measure which distributed 
vagrants into thejthree classes of idle and disorderly persons, rogues - 
and vagabonds, and incorrigible rogues. Although this statute is now 
wholly repealed, it continued in force nearly a century; and as its 
provisions, as well as those of two supplemental statutes on the same 
subject, are material with respect to the general history of the laws 
respecting vagrants, it may be desirable briefly to state them. It may 
be remarked that the several offences comprised in these classes still 
bore the character of wandering, in conformity with the object of all 
previous enactments upon this subject. 

By the stat. 17 Geo. IL, c. 5, and the supplemental statutes passed 
previously to the new Vagrant Act, 5 Geo. IV., c. 83, idle and dis- 
orderly persons were defined to be—1. Those who threatened to run 
away and leave their families upon the parish. 2. Those who returned 
to a parish from which they had been removed as paupers. 3. Those 
who refused to work for usual wages. 4. Those who neglected work or 
spent their ings improperly, so that their families became charge- 
able to the parish (stat. 32 Geo. III., c. 45,8. 8). And all such persons 
might be summarily convicted by a magistrate, and committed to hard 
labour in the house of correction for a month. 

Rogues and op, seep were defined to be—1. Those who went about 
as gatherers of under pretence of loss by fire or other casualty, or 
as collectors for prisons or hospitals. 2. Fencers and bear-wards. 3. 
Common players of interludes, and all actors for hire not authorised 
by law [Tuearre). 4, Minstrels and jugglers. 5. Those who pre- 
tended to be gipsies, or to have skill in physiognomy, palmistry, or 
like crafty science, or to tell fortunes, or who used any subtle craft to 
deceive people, or played at unlawful games. 6. Those who ran away 
and left their families chargeable to the parish. 7. Petty chapmen 
yd tere wandering abroad without licence. 8. Those who wan- 
di abroad and lodged in alehouses, barns, outhouses, or in the 
open air, not giving a good account of themselves. 9. Those who 
wandered abroad and begged, pretending to be soldiers or sailors, or 
pretending to go to work in harvest. 10, All wandering beggars. 11. 
Those who should be apprehended haying upon them any picklock key, 
crow, jack, bit, or other implement with intent to break into houses, 
&c. ; or any pistol, hanger, cutlass, bludgeon, or other offensive weapon, 
with intent feloniously to assault any person. 12. Those who should 
be found in any dwelling-house, warehouse, coach-house, stable, or out- 
house, or any inclosed yard or garden, or area belonging to any house 
with intent to steal. The two classes last enumerated were added 
by the stat. 23 Geo. III., ¢. 88, 

Incorrigible rogues were defined by the stat. 17 Geo. IL., c. 5, to be— 
1. End-gatherers offending against the stat. 13 Geo. I., c. 23, for the 
regulation of the woollen manufacture. 2. Those who being appre- 
hended as rogues and vagabonds estape from those who apprehend 
them, or refuse to go before a magistrate, or to be examined on oath, 
or to be conveyed by a pass, and those who knowingly give a false 
account of themselves. 3. Those who escape from the house of cor- 
rection before the expiration of their term of imprisonment as rognes 
and vagabonds. :4. Those who after punishment as rogues and 
vagabonds again commit offences in the same class. 

iaiehen sesh vegabonse and incorrigible rogues were, by the stat. 
17 Geo, IL, ¢. 5, to be committed by magistrates to the house of 
MM 
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correction until the next quarter-sessions, when the justices were 
empowered to order rogues and vagabonds to be further confined in 
the house of correction for any time not exceeding six months; and 
incorrigible rogues for any time not less than six months, nor more 
than two years, and to be whipped. 

The statute 17 Geo. IT., c, 5, was by no means a well-considered or a 
well-expressed law.. It has been justly said that “in the long cata- 
logue of actions which it holds up, many are of a dubious nature, and 
nice | acumen would often be required to distinguish whether a 

m had incurred any and what penalty under the statute,” (Eden's 
State of the Poot,’ vol. i., p. 306.) The courts too complained of the 
inaccuracy of its expression and the consequent difficulty of under- 
standing its meaning. (Rex v. Rhodes, 4 ‘ Term Reports,’ 222.) 
Repeated attempts were made in parliament to modify and improve 
its provisions. A committee of the House of Commons, appointed in 
1775 to review and consider the Poor Laws and the laws relating to 
vagrants, resolved “ that the stat. 17 Geo. IL. c. 17, should be explained 
and amended in such a manner as to enforce the execution thereof, 
and prevent the practice of begging in the streets and highways, per- 
nicious in its consequences and highly disgraceful to this country.” 
Nevertheless this statute continued in force until the year 1822, when 


a temporary act, stat. 3 Geo, IV., c. 40, passed, repealing all former, 


laws and re-enacting most of the provisions of the stat. 17 Geo. IL, 
c. 5, with many additions and modifications. The provisions of the 
stat. 3 Geo. IV., c. 40, were however entirely superseded by the stat. 
5 Geo. IV., c. 83, which now constitutes the law respecting vagrants. 
By the third section of this statute the following persons are declared 
to be idle and disorderly ms, and may be committed by a single 
magistrate to hard labour in the house of correction for any time not 
exceeding one month :—1. Every person able to maintain himself and 
his family, refusing or neglecting to do so, whereby he or his family 
become chargeable to the parish; 2. Every person returning and be- 
coming chargeable to a parish from which he has been legally removed 
by order of two justices without having a certificate of his settlement 
in some other parish from the officers of such parish; 3, Petty chap- 
men or pedlars wandering abroad and trading without licence; 4. 
Prostitutes wandering in the streets or highways, or in any place of 
public resort, and behaving riotously or indecently; 5. Every person 
wandering abroad or placing himself in any public place to beg and 
gather alms, or procuring any child to do so. To which other statutes 
have since added :—6, Paupers in workhouses, not doing task-work 
when required, or injuring their clothes or damaging the property 
of the guardians; 7, Women neglecting to maintain their illegitimate 
children ; and, 8. Persons applying for relief as paupers, having pos- 
session of money, &c., of which they do not make disclosure. These 
offenders are punishable by a single justice with one month’s imprison- 
ment and hard labour, 

The 4th section of the 5 Geo. IV., c. 83, declares the following per- 
sons to be rogues and vagabonds, and empowers a single magistrate to 
commit them to hard labour in the house of correction, for any time 
not exceeding three months :—1, Every person. committing any offence 
which would constitute him an idle and disorderly person; 2. Every 
person pretending to tell fortunes, or using any device, by palmistry 
or otherwise, to deceive and impose upon the people; 3, Every person 
wandering abroad and lodging in any barn or outhouse, or in any 
deserted building, or in the open air, or under a tent, or in any cart or 
waggon, not having any visible of subsistence, and not giving a 
good account of himself; 4, Every person wilfully exposing to view in 
any street, road, highway, or public place, any obscene print, picture, 
or other indecent exhibition, (By 1 & 2 Vict., c. 38, this provision is 
declared to extend to exposing such articles in a shop window.) 5. 
Every person wilfully and obscenely exposing his person in any street 
or highway, or in the view thereof, with intent to insult any female; 
6. Every person wandering abroad and endeavouring by the exposure 
of wounds or deformities to gather alms ; 7. Every person going about 
as a gatherer or collector of alms, or endeavouring to procure charitable 
contributions under a false pretence; 8. Every person running away 
and leaving his wife actually or probably chargeable to the parish; 9. 
Every person playing or betting in any street, highway, or public place 
with any table or instrument of gaming, at any e of chance; 10, 
Every person having in his possession any picklock-key, crow, jack, 
bit, or other implement, with intent feloniously to break into any 
house, &c., or being armed with any gun, pistol, hanger, cutlass, 
bludgeon, or other offensive weapon, or having upon him any instru- 
ment with intent to commit any felonious act; 11, Every person, 
being found in any dwelling-house, warehouse, coach-house, stable or 
outhouse, or in any inclosed yard, garden, or area for any unlawful 
purpose; 12. Every suspected person or reputed thief frequenting any 
river, canal, or — stream, dock, basin, or any quay, wharf, or 
warehouse near or adjoining thereto, or any street, highway, or avenue 
leading thereto, or any place of public resort, or any avenue leading 
thereto, or any street, highway, or place adjacent, with intent to com- 
mit felony; 13. Every person apprehended as an idle and disorderly 
person, and violently resisting any »-officer so apprehending him, 


and being subsequently convicted of the offence for which he shall 
have been so app! ed, 
Incorrigible are—l, Persons breaking or escaping out of an 


place of legal confinement before the expiration of the term for whic 


they shall have been committed, or ordered to be confined by virtue of 
the statute; 2. Persons committing any offence against statute - 
which subjects them to be dealt with as rogues and vagabonds, such 
having been at some former time adjudged so to be and 
convicted thereof; and, 8. Every person apprehended as a rogue and 
vagabond, and viclentl any constable or other peace-officer so 
apprehending him, po § being subsequently convicted of the offence for 
which he shall have been so a These offenders are to be 
caies to the next sessions, and _ aie labour in the er 
and the sessions may further puni em by imprisonment with hard 
labour for one phan ype mpegs 4 
The statute, besides the definition of facts and circumstances 
which are to constitute offences in the several classes above enumerated, 
contains various provisions for the prosecution of a and the 
regulation and of them. Thus it is enacted any person 
may apprehend a vagrant and bring him before a i 
persons as well as the carriages or luggage of the several 0 an 
of vagrants may be searched, and money or found upon them 


may on their conviction be applied towards the costs of ding 
them and maintaining them in prison. If proceedings at sessions 
are contemplated, either by reason of an oe against a summary 
conviction or the commitment of an incorrigib i 


rogue, the eto / 
magistrate may bind over witnesses to prosecute, and the justices at , 
sessions may order the pa; t of costs to persons so bound. And = 
an appeal is given to the next sessions to fl person aggrieved by an 
act or determination of any magistrate out of sessions co} the 
execution of the act. 

(See Blackstone’s Commentaries, by Kerr, vol. iv.) 

VALERACETONITRILE, , [Vatertanic Grovr.] 1 

VALERAL, [Varertanic Grovp.] 

VALERALDEHYDE, [Vatertanio Grovr.} : 

VALERALDINE, 2 seep Grovp.] 

VALERAMIDE. [Vatertantc Grovr.] . 

VALERANILIDE. [Vatertanto Grovr.] 

VALERENE. [Vatertanic Grovr.] 

VALERIA/NA OFFICINALIS—Medical Properties of. The root, 
or more properly the rhizoma with its root-fibres, of this species, par- 
ticularly the variety termed sylvestris, is used in medicine, It should 
be collected in spring before it shows flower, or late in autumn. It is 
best from plants of two or three years old, which grow in elevated 
stony places, rather — very =e meadows, ative varies ier 
siderably in appearance and in its sensible properties, ing to 
age of the plant, its place of growth, and the length of time it has been 
kept. The rhizoma is small, short, rounded or oblong, ewe : 
furnished with very many root-fibres, which are about the thickness 
a straw, and from two to six inches long; the colour of the 
obtained root is a dirty yellowish-white ; the consistence fleshy; by 
drying, which is easily effected, it becomes wrinkled, more yellow or 
brownish, and in time dark. The root gathered in pring becomes 
most wrinkled. The odour is heavy, penetrating, ai 
teristic. This odour is stronger in the dried than the fresh root, and 
is scarcely impaired by time, even when the access of the air is freely 
allowed. The taste is acridly aromatic, camphoraceous, and bitter. 
The English Valerian is the most esteemed ;: it is abundant in Hamp- 
shire, formerly in Kent and Essex, and the wild plant is to be preferred 
to that which is cultivated for medical use. It is to be reg that 
this root is often confounded or fraudulently adulterated with that of 
the Valeriana dioica, which is smaller and of much feebler odour, and 
that of the Geum urbanwm or avens, which is — aromatic, 
Much more serious is the confusion, probably always accidental or 
merely from ignorance, of the genuine root with those of several 
species of ranunculus, or crowfoot, namely, 2. repens, acris, and even 
polyanthemos, also those of Sium ifolium and 8. latifolium, or 
more rarely J niger and Asclepias Vincetoxicum ; but the 
absence of the peculiar odour of valerian, or the iar of a very 
repulsive one, may always di ish them with moderate attention. 

According to the analysis of Trommsdorf (‘ Journal der Pharmacie,’ 
xviii., p. 8), 100 parts of the dried root yield of volatile oil 1°2, peculiar 
resinous extractive (termed valerianin) 12°5, gammy extractive 974, soft 
resin 6°2, woody fibre 70°7 ; by distillation a volatile fatty acid termed _ 
valerianic acid is obtained, besides the volatile oil. medicinal ~ 
action is chiefly due to the volatile oil and extractive. Valerian is 
considered a cerebro-spinal stimulant, large doses of it causing marked 
excitement of the nervous system, not only of the human mee, but 
also of cats, which are remarkably fond of it. In the slighter forms of 
nervous diseases not dependent on any of structure of the 
brain or spinal cord, valerian is of considerable utility. In several 
instances, especially if there be much acidity of stomach, its beneficial 
effects are increased by combination with ammonia, In other instances 
valerian (in powder) greatly heightens the tonic power of the disul- 
phate of quinia, the absence of all aroma from which renders it inferior 
as a tonic to many of the other forms of administering bark. [Crvonona.] 

Valerianie acid, combined with various bases, such as iron, zine, 
quinine, &e., furnishes compounds of great value as antispasmodics— 


more useful than any of these agents singly. ; 
VALERIANIC ACID (HO,C,,H,0,). Valerie acid. Delphinie 
acid. Phocenie acid. body exists in valerian root, hence its 


name; in the oil secreted by several species of phoca (hence phocenic) 
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d cetacea, and in the berries of the guelder rose. It is also a product 
the action of caustic potash on oil of camomile; of oxidising agents 
on fats; is often in decaying cheese ; and is formed on passing 

lic Halalotl) vavour throtigh » tubs eontaitiing the 
of soda and lime heated to 400 Fahr. In the latter process 
valerianate of soda is produced, which, when eer ee 

i e 


aqueous solution acidified with sulphuric acid and distilled furnishes 


mixture of amylic alcohol, bichromate of potash, and sulphuric acid :— 
C,H, ,0, HO + 0, = 2H0 + HO, C,,H,O, 
uU-.--Y 


aqueous solution of a valerianate by a stronger acid, it contains, 
parce , three atoms of water, of which two may be 

, by distillation, in the state of pure water, which afterwards 
becomes , and at last the colourless monohydrate passes over in 


sweetish after-taste ; eee hae on the It does 

0°937, and it boils at 347° 
Fahr. The terhydrate boils at about 270°. The monohydrate dis- 
solves in 30 of water at about 53°: it dissolves in all pro- 
portions in alcohol, ether, and 
acid when heated carbonises 


isable and unalterable in the 
stallises in efflorescent needles, The pure 
ammonia, becoming, after a time, a solid 
iquescent, crystals of valerianate of 
ammonia. Valerianate of zinc, apr ig BSc aes by double decom- 

i icine, isa pearly white salt, 

wing a faint odour of valerianic acid and a metallic astringent taste. 

Chlorowalerisic Acid (HO,C,,(H,C1,)O,) and chlorovalerosic acid 
(HO,C,,(H,Cl,)O,) are formed when chlorine gas is into 
valerianic acid. ‘They are heavy colourless, inodorous liquids, and 
form well-defined, stable pak rvs salts. From the amount of 
chlorine in them, these acids are sometimes termed trichlorovalerianic 

Nitrovalerianic Acid (HO,C,,(H,NO,)O,) is a volatile, beautifully- 
Gir tee Gat ee ee action of the strongest 
Se OM Yelarianlo ackd. It is wublimable and forms 


Valerianie anhydri nh valerianic acid (C,,H,O,), i 
Sag preter e 


formed when one 

added to six parts valerianate of ; the product is washed 

with dilute solution of carbonate of soda, digested in ether, the 

etherial solution dried with chloride of calcium and evaporated, when 

valerianic anh is left as a colourless liquid of agreeable odour; 

sp. er: 0-934; boiling , 419° Fahr. ; vapour density, 6°23, 
ALERIANIC GROUP. A cluster of chemical substances, each 


c . to contain, or be derived from, the theoretical radical valeryl 


ic acid is best produced the action of strong oxidising 

— ot eiaek. Pyathitanie Aco. 
alery -aldehyd or valeral (C,,H,0,, ), hydride of valeryl, is formed 
on oxidising fusel oil (amylic paket with less powerful agents than 
those to form valerianic acid. Thus a mixture of bichro- 
mat of gota, slp acid, and fusel oil furnishes valeral. It is 
by mixing with a saturated solution of bisulphite of soda, 
the double salt thus formed, distilling with carbonate 
of potash, and drying the distillate over chloride of calcium. Valeral 
is a colourless limpid liquid of werful penetrating odour, and burn- 
ing taste; soluble in alcohol, ether, and_the volatile oils; insoluble in 
water ; — with a bright flame; boils at 230° Fahr.; vapour 
density, ; Specific gravity, at 71° Fahr., is 0°820; oxidisi ts 
convert it into valerianic Se sbldk sath Santee combines oan tine 
valeryl-aldehyd-ammonium or valerylide of ammonium 


(C,,H,0,, NH,). 

Waleordtding (O,H,,NS,) results from the action of sulphide of 
hydrogen on valeryl-ammonium suspended in water containing a small 
quantity of free ammonia :— 

3(C, »H0,, NH,) + 61S = C,,H,,NS/ + 6HO + 2NH,8 


It is an oily, volatile, alkaline liquid of di ble odour, and - 

with folds to form liquid of disagreeable odour, and com 
Leucin, » body associated with the chemistry of animal substances, 
appears to be a valeryl derivative, inasmuch as it may be formed by 


the action of hydrocyanic and hydrochloric acids upon valerylide of 
ammonium. It is treated of in detail in a separate article. [Lrvcry.] - 

Chloride of valeryl (C,,H,O,, Cl) is formed on reacting with proto- 
chloride of phosphorus and monohydrated valerianie acid. It is a 
colourless mobile, fuming, liquid; rather heavier than water, and boils 
at about 240° Fahr. 

Bromide of valeryl (C,,H,O, Br), is obtained in the same manner as 
the chloride, the bromide instead of the chloride of phosphorus being 
used. It boils at about 290° Fahr. 

Valerone (C,.H,,0,), the valerylide of butyl (C,H,, C,,H,0,), is a light 
colourless liquid of agreeable ethereal odour, produced when valeri- 
anic acid is distilled with excess of lime. A mixture of valerate of 
potash and acetate of soda yields, i ame an oil which is pro- 
bably valerylide of methyl (C,H;, C,,H,0.). 

0- 
Valeramide (N “a ‘ is formed by boiling valerianic ether 
H 
(valerate of ethyl) with strong ammonia: on concentrating and cooling 
the solution, valeramide crystallises out in brilliant plates, It is 
neutral, fusible, volatile, and soluble in water, alcohol, or ether. Heated 
with phosphoric anhydride it loses the elements of water and is con- 
verted into cyanide of butyl (C,H,, NC,) or valeronitrile (C,,H,, N). 

Valeronitrile is also one of the products of the oxidation of gelatin 
by chromic acid; it is aera by another somewhat similar 
liquid’ valeracetonitrile (C,,H,,N,O,). Valeranilide or phenyl-valera- 

C,,H,0. 
mide (N ips *) is produced on digesting valerianic anhydride 
and aniline together. It crystallises in long, brilliant needles, slightly 
soluble in water, but very soluble in ato melts at 239° Fahr., and 
boils without decomposition at 428° Fahr. 

Valerins. Combinations of valerianic acid and glycerin. Three of 
these have been obtained, namely :— 

+ C,5H,,0, = C,,H,,0,+C,H,0,—2HO 
+ ©. 4H2 40, 9=2C, >H, 90, +C,H,O, —4HO 
+ ©y¢H320,.=3C, 9H, ,0, +C,H,0,—6HO 


Monovalerin . 
Divalerin . . 
Trivalerin . 


The proportion of the constituents, the temperature employed and 
the state of concentration of the mixture, determines which of the 
three shall be formed. Valerochlorhydrin is a valerin containing the 
elements of hydrochloric acid. 

Valeryl-urea or valerureide has already been alluded to [Urza]. 

Oil of valerian, obtained as described under ESSENTIAL OILS, 
generally contains about 5 per cent. of valerianic acid; 25 per cent. 
of a neutral volatile hydrocarbon, boiling at 160° Fahr., and termed 
valerene (C,,H,,), identical with the borneene of Borneo camphor ; and 
about 70 per cent. of an oxidised portion containing resin and valerol. 
Valerol (C,,H,,0,) is a stearopten, and condenses as a crystalline solid 
in the neck of the retort in which the oil of valerian is fractionated. 
It is lighter than water, in which it is insoluble; is readily dissolved 
by alcohol, ether, and essential oils; is resinified slowly in the air, 
more cary Ad nitric acid; and with sulphuric acid forms blood-red 

ic acid. 
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ALERIC ACID. [Vavertanic Acip.] 

VALERIC ETHER. [Eruyt.] 

VALERINE. [Vatertanic Grovp. 

VALEROCHLORHYDRIN. [Vatertayio Grovr.] 

VALEROLE. [Vatertanic Group.] 

VALERONE. [Vatertanic Grovp.| 

VALERONITRILE. [Vatertanic Grovp,] 

VALERUREIDE. [Urea; Vatertanic Group] 

VALERYL, [Vaterranic Grovr.] 

VALERYLUREA. [Urea; Vaterranic pote, 

VALLEYS. The term Valley, from the Latin Vallis or Valles, of 
the same signification generally, may be applied, in its most compre- 
hensive meaning, to any depression on the surface of the globe. “ The 
largest valleys form the beds of the great oceans. Seas, bays, gulfs, 
&c,, are all valleys below, or partially below, the level of the sea.” But 
in the common acceptation of the term, valleys are those depressions 
which are observable above the sea-level, separating or intersecting 
mountain-ridges, and in fact breaking them up into separate mountain- 
masses, and in which are the basins of inland seas and lakes, the beds 
of rivers, &c. Mountains and hills, therefore, are the boundaries of 
valleys. Occasionally a valley is formed by a ridge of elevated land 
entirely, or almost entirely, surrounding the basin of an inland sea or 
ofa lake. The word vale, sometimes employed synonymously, is the 
diminutive, but is more properly applied to the depressions sat 
eminences of moderate elevation, or hills, which, together with them, 
form what is called undulating country. Valleys parallel to the 
mountain-ridges or chains which they separate, or which bound them, 
are said to be longitudinal; while those the direction of which is 
transverse are so called. Both may be principal or lateral, the latter 
designation being usually applied to the smaller transverse valleys 
uniting the cipal. But these epithets admit of innumerable 
variations, merge, in fact, into common descriptive language, 

The citation above, in which the term valley is applied to the. 
depressions filled by sea, is from an unquestioned authority, the Rev, 
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C. G. Nicolay, in the ‘ Manual of Geographical Science,’ But though 
the sea-basins or ocean-hollows may be included within the necessary 
geometrical definition, of valleys, as beiffg depressions below the 
average level of the external surface of the solid crust of the globe, 
and continents and islands within that of mountains, as being elevations 
above it, we conceive that some distinction in this respect should be 
established in the nomenclature of geology and physical geography. 
The surface of the globe above which continents and islands are s 
—that is, the bed of the sea, universally,—cannot be considered as 
cal or geological element, with the surfaces of 
themselves, on which are the minor, and in this 
sense secondary, elevations and depressions we commonly call moun- 
tains and valleys. Many of the phenomena of jon and 
—s state presented by the latter could only have been occasioned 
causes connected with the agency of an aérial atmosphere ; and 
ile many of them also have had a subaqueous origin, yet the con- 
figuration of those parts of continents and i which are below the 
level of the sea must have been received from operations exclusively 
subaqueous. The forms of the proper surface of the land were 
produced originally by its elevation through the surface of the ocean to 
a subaéria] position above it, and have been completed by atmospheric 
and fluvial erosion. 

Many valleys, for example, were first excavated by marine currents 
during their elevation, and. have been reduced to their present figure 
by the rivers which have flowed through them from the period of the 
elevation above the sea-level of the eminences which bound them. 

But the forms of the masses constituting continents and islands 
have been produced by the agency of elevatory and marine forces only, 
except in the cases of the subsidence of land previously fashioned 
more or less by atmospheric action. However, the chief differences, 
probably, between the configurations of the surface of the land and 
those of the more extended surface consisting of the sea-bed and the 
land regarded as one, depend on their relative magnitude and on the 
depth of the sea, which, in fact, is merely the measure of the vertical 
dimensions of the latter. Around the islands of that re of the Indéo- 
Australian archipelago which is physically a portion of Asia, the sea is 
so shallow that those islands may truly be regarded as. the summits of 
mountain-masses separated by valleys of very inconsiderable depth, 
inferior indeed to that of many of the terrestrial valleys upon them. 
Those islands are in fact united by a vast submarine plain, which 
abruptly terminates westward near the north-eastern coasts of Borneo, 
in the middle of the Straits of Macassar, and in the Strait of Lombock, 
in an unfathomable ocean. We then come to the island-masses of 
Lombock and the chain immediately to the west, the Moluccas, New 
Guinea, and the other Australian islands, rising abruptly again from 
the bottom of this ocean, and thus exemplifying one of the peculiar 
characters of the masses of land which rise from and bound ocean- 
hollows ; and how characteristic of them is the form thus produced 
will appear in the sequel. Islands fundamentally volcanic—especially 
if, like Teneriffe, they contain one principal voleano—are probably 
altogether conoidal, the submarine portion being merely the continuation 
of the subaérial. [Vo.tcanos.] 

Another difference, originating in the different. process of formation, 
is this : while mountains proper have characteristically smaller dimen- 
sions above than below, and thus approximate more or less nearly to 
the figure of triangular prisms, of pyramids, or cones, their altitude 
being their principal dimension, the masses of continents and islands 
are tabular in form, with sides of every degree of obliquity, and some- 
times very nearly vertical, their upper surface being much greater in 
area than their sides, their altitude being their least dimension, and 
their form thus approximating to that of a low parallelopiped. Valleys 
proper, again, are widest at the top, and approach in general to the 
form of an inverted triangular prism, more or less obtuse or acute, or 
to that of an inverted pyramid, or to the frustum of such a prism or 
pyramid, the edge or apex being replaced by a plane—the floor of the 
valley ; while the intervals between continents are almost as tabular in 
form as the masses of the land, but their lower surface, while its area 
is much greater than that of the sides, being less than the upper 
formed by and at the level of the sea. [Sounprnes, Deer Sea.] 

The configuration of land above the level of the sea which most 
nearly resembles the continental masses is that which is called Table- 
land, such as the table-lands of Tibet, Eastern Africa, and Mexico; and 
the intervals which separate different portions of them most nearly 
answer to the ocean-hollows between continents. As an example of 
this may be cited the hollow between the table-land of Tibet on the 
south, and its recurvature called the Thian-Shan, being a portion of 
North-Western China, on the north, of which the plain or plateau of 
Yarkend and Khotan, and what is terined the valley of Lake Lhop, 
form the base, and which, if we compare the two portions of the 
table-land to mountains, will answer to a valley, acco: ing to the com- 
mon mode of description. [Ptatxs.] This comparison will hold good, 
and is illustrative in another respect. Colonel Strachey, in his ‘ Physical 
Geography of the Himalayas’ (not yet published, but quoted in ‘ Phil. 
Trans.’ 1859, pp. 774-776), represents that “the summit of the table- 
land (of Tibet), though eo corrugated with mountains and valleys 
in detail, is in its general relief laid out horizontally.” This description 

will accurately apply to the mass of elevated land which forms a conti- 
nent or great island, of which it may always be said that while its 


summit is corrugated with valleys and mountains, it is in its general 
Sa as ek by ho pew d on further investigation, 
@ are y the previous comparison, and on r 
to the apparent fact, that some portions of the earth's surface, however, 
above the sea-level, present us with the essentially unaltered 
tion of other portions which are still below it. From the uni geo 
ical researches and inductions of Dr. Thomas Thomson, Dr. 
oseph D, Hooker (‘ Himalayan 
James D. Forbes, it has ap 
closely, resembles, on a 
the Himalaya; and that if it were so elevated that the 


deep fiords which penetrate it became dry land, we should havea 
model of the Himalaya, with its deep valleys and high acute summits ; 


or, conversely, if the latter country were depressed, so that those 
valleys became ocean-hollows, the land and mountain- ee 
to moun- 


com 
of Norway, and to be, in fact, a continuation of it, He has also 
described (pp. 429-438) the remarkable elevated plain of Karakoram, 
south of the of that name, occupying an immense ouneerar an 
the chain of the Kouen-lun, the northern face of the table- ; 


mean altitude of not less than Fils feet, bei ee 
depressions separating it from the mountains. It appearance 
of having formerly been the bed of a lake, but is itself crossed 

several ranges of hills, and by a rivulet, and has a water-parting. Tl 
is evidently the configuration of an island in the ocean, agreeing, 
therefore, with the examples above described. re 

Conversely, a portion of the bed of the Atlantic, from the coast of | 
Treland westward, has a configuration resembling that of the land of 
Western Europe ; but still further west, the great Atlantic be ba 
very unlike a terrestrial valley, commences abruptly, the depth of the 
sea increasing, within a distance of twenty miles only, from 1320 to 
9000 feet, forming a sort of marine cliff on a gigantic scale. For at 
least a thousand miles the whole surface is one vast depressed plateau, 
which, according to Professor Ansted (in his ‘Geological Gossip, a 
work deserving of a more appropriate title), is “totally unlike any 
equal extent of dry land, though more resembling that on the eastern 
side of the Andes, in South America, than any other known land.” 
On the (North) American side of the Atlantic plateau “ there isa second 
cliff, facing eastward, having a total rise of about 5000 feet, imme- 
diately to the west of which the ground slopes gradually upwards at 
the rate of about forty feet in a mile, till it reaches the American 
continent.” 

We thys arrive at the final confluence of the two branches of the 
subject. e elevations and depressions of certain parts of the globe, 
of various magnitudes, closely resemble some of the continental masses 
and ocean-hollows; while the latter more | reee have a distinct and 
peculiar character ; and the corrugations of the upper surface of those 
masses, ordinarily termed mountains and valleys, in their actual con- 
dition, usually differ from both, as already represented. Ina 
‘On the Lines of Deepest Water around the British Isles,’ the 
Rev. R. Everest, F.G.S., read before the Geological Society of London, 
on June 19th, 1861, and which will probably appear in the ‘ Quarterly 
Journal’ of that Society, the student will find new materials for pur- 
suing this particular subject. 

Some geographical observers, because a river-basin (defined in the 
article Rivers) is necessarily bounded by high land, except where it — 
declines to the sea, employ the terms “ basin” and “ valley” of a river 
tieeget ated and convertibly. Thus, Mr. Alfred R. Wallace begins 
the chapter of his ‘Travels on the Amazon and Rio Negro,’ headed 
“ The Physical Geography and Geology of the Amazon Valley,” with 
the statement that “the basin of the Amazon surpasses in dimension 
that of any other river.” Now, although, strictly speaking, the differ- 
ence between river-valleys and -basins is comparative only, and rien 
in nature, yet this practice leads to erroneous conceptions of fact ; 
though a wide valley, through which a river of moderate dimensions 
having many small tributaries takes its course, may be termed a basin 
(sometimes called a valley-basin), yet the main stream, as well as its 
tributaries, must each have its own separate valley, however shallow : 
such is the Thames, which is described as having a basin, while its 
valley is often not recognised, though some of its affluents flow through 
well-characterised valleys. [Twames, in Groo, Diy.) On the other 
hand, the basin of a great river may, and in fact must, include many 
such wide valleys; and a sivertadin, more properly, is the country 
which is made up of them, and the drainage of which at last finds its 
way into one stream, and —— one principal outlet into the ocean. 
In this sense, the depression through which the upper course and 
affluents of the river flow may sometimes be regarded as the basin, — 
while that giving to the lower course is properly termed its 
valley. In the case of the Nile, the depression through which the 
single stream runs for 1300 miles, from the junction of its last 
affluent, the Atbara, to the Mediterranean, that is, its lower course, is 
properly the valley of that river ; while its basin comprehends a vast 
extent of country in Africa, to the eastward, southward, and south- 
west of that point, made up of many valleys of large dimensions, some 
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to considerable rivers, the affluents of the former respectively. : 
A of valley to which the convenient appellation of valley-plain 
has been given is that which exists when an extensive horizontal sur- 
face of land at any elevation, and generally of greater length than 
width, is surrounded by continuous ranges of mountains rising from 
above it. Of this form the so-termed Vale of Tenochtitlan, 
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river Behat or Jelam (by which, however, at least in 
‘orm, it was Clearly not excavated), and the inclosed plain, 
cases of this description, has once been the bed of a lake, 
itself, of a lacustrine formation. It depends on the extent 
in, its degree of unevenness, and the inclination of the slopes, 
or not it shall become and deserve #0 be called a river-basin. 
form of valley is the circular spiral, alluded to in the article 

This been noticed, hitherto, in Eastern Africa 
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own In reference to the Mareb, one of the tributaries of 
the Atbara, already mentioned, he points out “the remarkable pecu- 
liarity which it possesses, in common with many of the rivers of the 
Abyssinian 


a circular spiral course round the insula of Gédjam; an 

i i i dice an thes ina Rares tt olin 
sources in the mountains forming 
Dr. Beke has recorded his opinion 
head-stream of the Nile itself has such a 


ical Society,’ vol. xvii., pp. 5, 81.) 
in the article Rivas, col 119. tee Arsivan wadiea have been noticed 


originally a valley of a peculiar 
deep or wide F 
winter rains for a few months or weeks in the year. In the article 
Deserts, col. 481, the oases have been described, after Malte-Brun, as 
rising in the midst of the sands like islands in the ocean. If we con- 
sider the sources of the springs of water which supply them, and to 
their existence, to be included in the locali 

ion is correct. But the oasis itse’ 

i the oasis of 


seen on a small scale elsewhere; namely, deep 
torrents, cd cosy ly, of the vegetation and the ite of the whole 
0 ‘on w 
of ° hicks These oases, therefore, are to be found 
wherever the waters from the different widys, or hills, whether from 
winter streams,” or from the few living perhaps mnial springs of 
, “ converge to a common reservoir.” We are ind for 


permanent sources of many rivers, occasional feeders, which 
falls of rain, becoming dan 
appearing as mere lines of pebbles according to the state of the weather. 


The upper sloping 
‘ 


gerous torrents or | of the hills, and spread them into little deltas on the 


to than understood, to the Rev. A. P. Stanley, who, in his ‘ Sinai and 
Palestine,’ has so well described the details of the physical geography 
of-those countries. 

The preceding statements and views relate principally to the subject 
of valleys geographically considered : their geological history is discussed 
in the following essay, which originally constituted the article. We 
have now appended to it some facts and considerations disclosed by 
and arising from the subsequent progress of geology. : 

“ Why has the earth any mountains?” is the question from which 
De Lue, writing in 1792, sets out to expound his whole geological 
system ; and to answer at the present time the corresponding question, 
Why has the earth any Valleys? requires reference to almost the entire 
series of general truths which have been established by investigation 
into the structure of the crust of the globe. For in these hollows on 
the surfaces of plains, hilly slopes, and steep mountains, we behold not 
only the results of atmospheric agencies, both chemical and mechanical, 
and of the flowing of streams, operating under the actual conditions 
of nature on materials of unequal induration, but also the earlier effects 
of other watery agencies, under other physical conditions, on materials 
differently circumstanced, both as to their consolidation and their 
position in reference to the general curve of surface of the globe and 
the relative level of the sea, The origin of valleys ascends to the 
earliest geological eras, but their completion includes the latest phe- 
nomena produced in our own days. 

To discuss the literary history of this celebrated question, and esti- 
mate the degrees of truth attained in the conflicting hypotheses of 
Dr. Hutton and De Luc—which may stand as the types of two great 
classes of rival speculations, not yet agg sea reconciled—would be 
a long, intricate, and unfruitful labour. The problem to be solved has 
seldom been seized by any but the most modern writers in all its 
generality ; and the ial solutions, really arrived at in particular 
cases, were not permitted to have even the value which limited 
truths often do , because they were unwisely made the basis of 
what was called a general theory. Though De Luc could prove that 
valleys on whose line were deep lakes could not have been excavated 
by the streams now running in them, he was scarcely entitled to say 
“all the notions of the great ravages produced by the rain-waters 
pera continents since their existence have been mere illusions.” 

I. ‘On Geol 


ey. 

To take the problem of the formation of valleys in all its extent, let 
us trace in imagination the course of a considerable river, which, com- 
mencing in a mountain-ridge, runs to the eastward, namely, in the 
direction of the dip of the strata, and, after traversing the usual variety 


‘t characters of geographical features much oftener alluded | of ground, empties itself into a shallow sea full of powerful currents, _ 


line (r) is su to be the bed of the ri 
the PAS is rid peer ner (8). Aes 
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rains the hill-sides of the highland districts of Scotland, 


of perpetual snows, we find, | Wales, and Cumberland are whitened by abundance of short-lived 


of the loosened materials 
margin of the 
valley below. Similar effects on a particular slope follow the bursting 


torrents, which hurry down considerable hea) 
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of a waterspout (High Pike, in Cumberland) [Warenrsrovr], or the 
intumescence of a wet peat-bog (above Keighley, Yorkshire). Frost 
and the sun's heat are felt in extreme in the high regions whith give 
birth to rivers, 3 by their _——— — snetait righ aren and 
disintegrated. To these regions Hutton an y fai 

to bony their pupils for the purpose of impressing upon their minds 
the extensive waste prod on the earth's surface by modern causes 
in action. Examples-are everywhere abundant: Glen Coe, Borrow- 
dale, Snowdonia, may be cited. (N.B. The general features of the 
higher parts of mountain-valleys are nearly the same around glaciers, 
and these features are liable to change by the violent alternations of 
temperature.) 

B. The second stage of valleys is that which admits of the union of 
permanent natural springs to the occasional hill-side floods, and of the 
gathering of these streamlets into a rapid and agitated river. The now 
augmented water is often confined in a narrower glen than any of its 
tributaries, and rushes and cascades among rocks and mounds, which 
are so disposed as to show proof that the course of the stream has 
varied from time to time, as the levels changed, in consequence of 

ing action. 

C. At length the glen opens in a pebbly plain, or sinks into a broad 
and quiet lake, Such lakes, or sialiig whilst to have been lakes, 
are of very general occurrence along the line of rivers, while they are 
engaged in the midst of their parent mountains (Derwent Water, 
Lianberis, Loch Tay). They even appear at the foot of particular 
mountains, receiving only occasional streams (Red Tarn, under Hel- 
vellyn), and in a very great variety of cases appear to be irregular 
holloers left after gun | sere the stratification amongst the 
angularly posited masses of broken ground. Their depth is from a 
few feet to a thousand feet (Lake of Geneva) below the level of the 
valley ; and as the rivers which enter the upper ends there lose their 
force in the expansion of water, and drop their transported sediments, 
the growth of new land in that part of such lakes is proportioned to, 
and is in truth a measure of, the whole effects of those rivers in trans- 
Porting away the detritus of the mountains round their source. Such 

es then are natural dynamometers, which may with proper caution 
be used to determine the amount of transported materials delivered 
into them in given times by rivers; they also give the sum of all the 
effects of this kind performed by such rivers; and thus finally they are 
natural chronometers ; for by dividing, in any particular case, the 
integral effect or mass of deposited materials by the rate of annual 
pro; an approximate answer in years is given to the question of 
the length of time which has elapsed since that river began to flow. 
By this argument De Luc arrived at the conclusion that the desicca- 
tion of our continents by elevation above the sea is a phenomenon of 
no very great antiquity, in ae to an epoch only a few thoysand 
years removed from our own. Though geologists cannot, from the 
evid of particular lakes in certain districts, adopt this conclusion 
for other districts where quite different phenomena appear, Professor 
a and other eminent persons have declared the argument of 
De Luc, within its proper limits, to be unanswered and unanswerable. 
In all cases then where lakes are so interposed in the path of a river 
that they must be believed to have received all the sediments which 
that river has brought, the cubic volume of these accumulations in 
the lake may be compared with the cubic space of the concavities 
between the hills along the line of the rivers and rivulets above the 
lake; and if found to be inferior in a noteable degree, we may posi- 
tively conclude that these concavities have not been produced, though 
doubtless they have been e and modified, by the atmospheric 
agencies belonging to that particular area of drainage. Now this com- 
parison has been often made, and generally with the positive result, 
that the excavation of the valleys above the lakes is not the effect of 
those watery agencies now exerted within them. Excavated however 
some of them have been by watery agency, and in all of them the 
surface slopes have been adjusted by this power, both in level and in 
direction, to the boundaries of the present lake; but we must avoid 
the error of assuming that no other currents having a different origin 
may have operated in those valleys before the existence of the lakes. 

D. Beyond the region of the lakes, the rivers, flowing away from the 
rugged mountains, encounter ranges of stratified rocks, often very 
regularly inclined at a moderate angle, in parallel ridges and hollows 
which correspond to alternately hard and soft portions of the series of 
strata. If there were no gap across these ridges, so as to connect 
their intervening hollows, of these hollows would include one or 
many lakes, and the river whose course we are tracing could not pass 
over the first of the ridges until the hollow space between it and the 
lake district (C) was filled with water, generally at a high level. If 
such a circumstance were supposed ever to have happened, the waters 
might be imagined to make themselves a passage across this ridge, and, 
by like reasoning, across any lower ridges lying beyond. (See the 
figures above, in art, GroLooy, in Nat. Hist. Drv.) 

It sometimes happens that more than one group of such parallel 
ridges and hollows—as the mountain limestone group (J), followed by 
the oolitic ridges (0), of those by the chalk-hills (c)—lie on the course 
of even one river, and require the repetition of such phenomena to 
account for the course of the valley, But a greater difficulty must be 
encountered. The very hollows themselves in which these sheets of 


water are imagined to have spread are valleys, and yield as plain proof 


that they also have been excavated and modified 
the river-channels which cross them. For in the midst of such hollows, 
insulated hills (the unremoved portions of the same or 
su t strata) remain variously distributed, to mark 


to break over and cut through the inclosin : 
as to shape a course and descent to the river, the excavation of the 
space in which the lake was gathered was the fruit of earlier and — 
different watery action. This conclusion is again and 
upon our attention as we proceed along the line of the valley. 

FE. In crossing through the parallel ridges and hollows of hard and 
soft strata, the river is confined to steep, narrow, angularly bent 
passages among the hard rocks; but in the softer strata between them 
it flows and winds more af liberty, through wider spaces, which open 
far on each side, and bring additional supplies of water. yt | ‘5 
hollows the —— of fhe igh ¢ ante rr? the sediments in 
from wasting of the adjo iit on fertile meadows Ay 

3 fs in times of slack-water, o 
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swept away the materials around a 
F. The river, on emerging from these ranges of Oy nan eae . 
enters a wide region of plains and low hills of gravel (9), ‘irregu- 
ly amidst alluvial plains and marshes (m), amongst fora 
certain distance, the tide flows up the expanded river-chann Av 
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ar ocally rated 


stream or tributary waters, N 

Yet, from their form, distribution, and composition, there is 
doubt that some have been wholly accumulated and l 
water-currents ; so that here again we have proof of the wasteand 
remodelling of the surface of the earth by other forces than the existing 
atmospheric agencies, we 

G. On reaching the sea, we find the influence of the river prolonged = 
into the salt-water, augmenting the mass of sediments drifted coast- __ j 
wise by the tide, and feebly assisting in the distribution of them. But 
the bed of the sea is unequal, soft, or rocky, excavated into hollows, 
and varied by sand-banks and gravel-beds, not unlike those on the 
neighbouring land, and even yielding, as they do, bones of gigantic 
extinct mammalia (Happisburgh coast {and in fact the eastern coast of 
England from Bridlington to beyond the mouth of the Thames] ), 
These points of agreement between the actual sea-bed and the h- 
bouring lands mark some community of origin: the land has been 
raised out of the sea, and owes some of its irregularities to marine 
currents (as Buffon thought), or the sea’s bed is subsided land. Each of 
these may be partially and locally true, but there can be no doubt of 
the sea-currents having power to alter the distribution of sand-banks 
and gravel-banks to some considerable, though not precisely known, 
depth ; and as all the stratified crust of the earth has been once the 
bed of the sea, it is evident that the action of marine currents isa 
cause of universal application to the theory of the inequalities of the 
earth’s surface, as well as of extraordinary power. ~- : 

The slight sketch here presented includes phenomena which may be 
seen on the English rivers, though not all on oneand the same stream : 
the description may be verified in every one of its stages a hundred 
times, and augmented with additional phenomena by any intelligent 
reader personally acquainted with the physical geography of Britain. 
Exactly similar phenomena, either all in the same order or v: 
associated, may be paralleled by instances selected from other parts of 
the world, and it only remains to apply a plain course of reasoning 
to them, ‘ 

The action of atmospheric agencies, river-streamlets, and rivers, 
with or without lakes, with or without glaciers, is always one and the 
same; to degrade the high lands and to raise the low, and thus to 
equalise the levels, and to diminish the irregularities of the surface of 
the globe; and this because of the universal action of gevity, wher- 
ever there are weighty masses and inequality of lev The sea’s < 
action is similar, and'though complicated by tidal fluctuations, as 
rivers and lakes are by drought and inundations, and by the variable 
influence of wind and temperature, its final results are of the same 
character. ‘ 

This is indisputable. It is equally true that the direction of the 
existing watery agencies on the land is determined by the present 
relation of levels between the different parts of the land, and between 
the land and thesea. Moreover the effects of these agencies are perfectly 
adjusted to these levels. It follows inevitably that the sum of the 
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inequalities of the earth’s surface, that is to say, to lower the 
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smooth and level the valleys, to fill up the lakes, which are a part of 
the valleys; in a word, to change gulfs into lakes, and chasms into 
vales, by a mere surface action on forms which had been more boldly 
marked in earlier eras of nature. 

We must therefore believe that immediately after the desiccation of 
the land, its grand chains of mountains and long continuous vales 
were more firmly outlined, more roughly and strongly modelled, deeper 
and higher than they now appear, and it only remains to inquire to 
what known geological causes this can be justly ascribed. 

_ We must remember, first, that the surfaces of stratification on the 
sea’s bed were once continuous, but on the land they are now inter- 
rupted by excavated valleys and left dismembered on residual hills : 
secondly, that these surfaces were plains or nearly so, and horizontal 
or nearly so; but now they are found contorted, ruptured, placed 
in angular positions, vertical, or even reversed in particular regions. 
The latter class of effects depends on the violent nature of the elevating 
moyements to which the land was subject ; the former is often inde- 
pendent of local disturbance, and seems to be due to the mere action 
of powerful currents of water. But it is often seen that the line of 
these valleys is the line of a fault, of a synclinal basin, or anticlinal 
ridge, that is to say, a line of weakness, a line of least resistance, deter- 
mined by causes anterior to the current of water which, flowing up or 
down the line, or both up and down, has worn it into a valley. 

Now if we remember that the most powerful mechanical action of 
water takes place on the seacoast; if we remember that, by the con- 
tinual or the periodical rising of the land, this littoral action has been 
transferred from point to point over every part of the area of the land, 
beginning among the mountains at the source of the present rivers, 
and successively washing and wasting every part; we shall readily 
admit in this one universal and powerful agency the principal cause 


gradually completed the main features of the valleys 
and hills which had not been previously impressed by violent subter- 
ranean movements. 

Atmospheric agencies must be admitted to have greatly co-operated 
in this result, especially if, as geologists suppose, there were grounds 
for believing these to have been more powerful in the earlier [or in 
some eos eras of the world, when the temperature was perhaps 
higher the atmosphere in consequence more highly vaporous. 
Nor must we undervalue the eroding power of modern streams, or the 
volume of the disintegrated earthy masses which they transport away. 
It is past a question that modern rivers have cut their own channels 
through lava (Lyell, ‘ Principles of Geol.’), through diluvial gravel and 
clay drifted from other regions (Phillips, ‘Sections of the Yorkshire 
Coast’), and through trap thrown up by the Eifel voleanoes ([Phillips], 
MS., 1829), But in each of these latter instances the valley of diluvial 
gravel and clay lies in and conceals in part an older valley of ruder 
aspect, excavated in the stratified rocks of sandstone or limestone or 

slate ; and we may often contemplate in the course of one 
stream the fragmen state of the rocks as left by elevatory forces, 
the wasting of these when they formed part pf an ancient shore, the 
obliteration of the old valleys by come yet ill-understood cause of local 
accumulation, and the final adjustment of levels and slopes by causes 
which are still continuing this beneficent process, enlarging and en- 
riching our meadows, contracting the areas of our lakes, and softening 
for the future wants of mankind the rugged features of hills which 
will not always defy the hand of industry. 

(The reader who desires to follow out this large subject may consult 
with great advan’ De Luc’s works—as, ‘ Letters on Geology,’ 
* Lettres sur I'Hist. de la Terre et del'Homme ;’ Playfair, ‘ Illustrations 
of Huttonian Theory;’ Buckland's ‘ Reliquie Diluviane ;’ Lyell, 
* Principles’ and ‘Manual of Geology;’ Murchison; Darwin; [John 
Phillips, ‘ Rivers, Mountains, and Seacoast of Yorkshire’); and other 
modern writers. The article Panatten Roaps [Nar. Hist. Drvy., 
with addition in the present article], may also be read. M. Agassiz’s 
* Speculations on Glaciers,’ have several points of important bearing on 
the subject of Valleys.) 

Allusion has been made in the article Sunrace or Tue Eanrrn, of 
which subject valleys constitute so important a feature, to the 
researches on the subject of their excavation of Mr. G. Poulett Scrope, 
V.P.G.S., a not leas philosophical, if leas popular advocate of the 
sufficiency of existing causes in geological dynamics than Sir C. Lyell, 
and to the views which his inductions from their results have led him 
toform. In the first volume of the ‘ Proceedings of the Geological 
Society of London,’ p. 170, the reading (now above thirty years since) 
is recorded of a paper by that geologist, hitherto, we think, unappre- 
ciated, in which attention is drawn to the value which would attach to 
a test by which any one valley could be ascertained to be the result 
either of a-rapid and violent, or of a slow and gradual excavatory 
process; since the forces of aqueous erosion are of a general nature, 
and while in activity in one river channel, were probably not idle in 
others. Such a test was previously pointed out by Mr. Scrope, in his 
work on the ‘ Geo! of Central France,’ where lava-currents which 
have flowed into at intervals of time appear now at different 
heights above the actual river bed, marking the successive steps of the 
progress of excavation. Inthe paper here cited he finds another, and 
an equally valuable test in the extreme sinuosities of some valleys. 


Any sudden, violent, and transient rush of water of a diluvial character, 
that is, a flood of wide area, could only produce straight trough-shaped 
channels in the direction of the current, and could never wear out a 
series of tortuous flexures, through which some rivers now twist about, 
and often flow for a time in an exactly opposite direction to the general 
straight line of descent, which a deluge or débicle would naturally 
haye taken, Curyatures of this extreme kind are frequent in the 
channels of rivers flowing lazily through flat alluvial plains; these 
curves are gradually deepened and extended, till the extreme of 
aberration is corrected, and the direct line of descent restored, by 
the river cutting through the isthmus which separates two neigh- 
bouring curves. There are occasional instances, where the bias of the 
river, or direction of its lateral force of excavation has remained so 
constant, as to give the valley itself the utmost degree of sinuosity. 
But such examples must be immensely rarer than those of the con- 
figuration previously described; because the frequent shiftings of the 
channels of streams tend to obliterate their windings, and reduce the 
sum of the several successive excavations—that is, the valley—to a 
more or less straight form. 

The valley of the Moselle, between Berncastle and Roarn, excavated 
to a depth of from 600 to 800 feet through an elevated platform of 
later paleozoic—formerly termed transition—rocks, constitutes a 
striking instance of the former class. Its windings are often so 
extreme, that the river returns after a course of seventeen miles in one 
instance, and nearly as much in two others, to within a distance 
of a few hundred yards of the spot it passed before; wearing away on 
either side the base of the ridge-shaped isthmus separating the curves, 
and enclosing a peninsula of elevated land five or six hundred feet 
high; but sloping towards the bottom of the curves, where it is 
strewed with boulders, left there, it may be presumed, by the river, 
as it gradually deepened its channel and extended its lateral curvature. 
The valley of the Meuse near Givet offers, through a great distance, a 
number of similar windings, and the same character is seen at intervals 
in many of the other rivers of the same physical district of Europe. 
Parts of the Seine below Paris, and the valley of the Wye between 
Hereford and Chepstow, are examples nearer home. 

Valleys which like these twist about in the same regular curves as 
the channel of a brook meandering through a meadow, can only be 
accounted for by the slow and long continued erosion of the streams 
that still flow in them, increased at intervals by wintry floods. To 
attribute them toa transient and tremendous rush of water in the 
main direction of the valley appears to be impossible. Whilst these 
valleys were slowly excavated, other rivers, during the same protracted 
period, will have produced likewise an amount of excavation propor- 
tioned to their volume and velocity. and the nature of the rocks they 
flowed over. In the examples cited above, the rocks are mostly hard 
strata, yet the valleys are wide and deep. Where softer strata, as 
sands, clays, and marls, were the materials worked upon, the valleys 
excavated may be expected, as they are found to be, far wider in pro- 
portion to the volume of water flowing through them. The comparative 
softness of the materials also, by accelerating the lateral erosion of 
the stream, will have multiplied the shiftings of its channel, and 
reduced their sum with greater certainty to one average direction. 
Hence the deeply sinuous valleys, such as those particularised, are only 
found penetrating the more solid rock formations. Mr. Scrope con- 
cludes by a confirmation of his opinion that extreme curvature of 
channel can only be produced by a slow and comparatively tranquil 
process of excavation, by a reference to mountainous districts, in 
which, where the torrents and rivers are most rapid, their course is 
nearly straight ; from which a legitimate converse induction arises, 
that a certain subdued velocity in the stream is necessary to produce 
the former result. 

It may deserve investigation, whether the spiral course of the rivers 
and valleys of eastern Africa, noticed in the geographical portion of 
this article, may not have originated in the windings of the rivers in a 
former and very different geological condition of the country, of which 
the actual curves are the remains, after the elevation of the land into 
its present form. 

In a paper on the elevation and denudation of the lake district of 
Cumberland and Westmoreland (‘ Quart. Journ. of Geol. Soc.,’ vol. iv., 
pp. 70-98), Mr. Hopkins has investigated and apparently solved the 
problem of the origin and process of formation of the lake valleys; 
throwing great light on the history of similar valleys in other countries. 
The probable origin of the lakes, it may be remarked, that is, in the 
first instance, of their valleys, in diverging dislocations, was first 
suggested by Professor Sedgwick, but Mr. Hopkins has placed the 
argument in its favour, for the first time, in a determinate and demon- 
strative form. 

It would appear impossible not to ascribe the origin of the 
lakes of Coniston and Windermere, for example, to the disloca- 
tions of strata, with which they are so immediately associated. Mr. 
Hopkins has described an enormous dislocation of the band of lime- 
stone interstratified with the older palsozoic rocks seen just above 
Coniston Water, producing a horizontal displacement of about a mile. 
The direction of the fault, as determined by a line joining the extremi- 
ties of the dislocated portion of the limestone band, exactly 
down the lake. Another fault ranges down the valley of Troutheck, 
as indicated by a dislocation of the limestone band, and a great hori- 
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zontal displacement. It ranges accurately with that part of the lake 
of Windermere which lies to the south of the embouchure of the 
valley. On the east of Troutbeck also, there are dislocations 
counected with the formation of the two striking valleys of Trou 
and Kentmere. The line of dislocation would seem to pass 
along that part of the latter valley in which the mere is 
Indeed, according to the geologist whose views we are reciting, the 
existence of any of the larger lakes cannot be accounted for in- 
dependently of similar dislocations. Taking Wastwater, for instance, 
its depth is found to be forty-five fathoms, so that its bottom is 
bably almost a hundred feet lower than the level of the sea. It is 
evident that such a basin could not be scooped out by the action of 
water; nor is its depth increased by an accumulation of detritus at 
the mouth of the v , for the river by which its surplus water is 
i cuts into the solid rock. e lake (and its including 
valley), could only be formed, therefore, by a relative subsidence of its 
bottom, the strata being relatively displaced on opposite sides of the 
fault. If, in any such case, this Polative subsidence do not extend to 
the mouth of the valley, or be less there than in the upper part of it, 
a lake will necessarily be formed. This general explanation will apply 
to all the lakes of the district. 

The lakes, Mr. Hopkins concludes, are thus ny “the secondary and 
accidental consequences of the faults with which they are associated, 
the primary effects being the valleys in which those lakes are situated ; 
for, whatever may have been the agency by which the masses once 
occupying those valleys have been removed, it is easy to see that it 
would act more efficiently along lines of dislocation than elsewhere ; 
and since the exist of dislocati along the lake valleys may 
be considered as established, it would seem impossible to avoid the 
conclusion, that those valleys must themselves have originated in 
such dislocations, We are thus led to conclude that a disloca- 
tion was produced before the valley began to be formed; that this 
led to the formation of the valley by denuding causes ; and that the 
subsidence which caused the lake was one of the last of that series of 
repeated disturbances which might occur during the long interval of 
time which was probably n for the completion of the valley. 
.... This view of the origin i valleys of this kind must be con- 
sidered as applicable principally in places nearest the centres or axes 
of elevation. In other cases they may have arisen altogether from 
aqueous action; or, when they originated in dislocations, they may 
have had their directions so altered, and their character so modified by 
denuding causes, as to retain no distinct traces of their origin.” 

From these illustrations, derived from local phenomena, we return 
toa part of the general history of the subject, in which again physical 

y and geology are united, but remain distinct. 

Whatever influence the logical constitution and lithological 
nature of the strata and rock-masses in which a valley has been ex- 
cavated, may have upon its form, that form is still independent of 
what may be termed the geometrical disposition and configuration of 
those strata and rock-masses. This is equally true of mountains as of 
valleys. It seems natural to suppose that when a group of strata 
inclining upwards towards the same line from opposite points form 
what is denominated an anticlinal, a hill or a mountain should be pro- 
duced; and that when a synclinal is formed by the similar meeting 
in one line of a group of strata inclining downwards from opposite 
points, a valley should be the result; and in many cases such is the 
fact. But in many cases also the reverse occurs, a, 8 being situated 
on anticlinal arches, and mountains consisting geologically of syn- 
clinal troughs of strata. (Lyell, ‘Manual,’ p. 57.) Thus it has been 
ure f shown by Sir R. I. Murchison and Mr. Geikie (‘ Quart. Journ. 

f Geol. Soc.,’ May, 1861), that the enormous mass of Ben Lawers, 
“like many other mountains in Scotland; as well as elsewhere,” 
eg A occupies a synclinal trough, while the deep valley of Loch 
Tay, like that of the Great Glen through which the Caledonian canal 
extends, runs along an anticlinal arch. In this manner the geogra- 
phical configuration of the land is often quite different from its 
geological co tion, or that of its geological elements. In con- 
nection with this subject, it may be useful to advert to the manner in 
which the terms in question have come to be employed in modern 
ae geography,* and which has already led to erroneous inferences. 

¥ a geographer speaks of an anticlinal line, ridge, or axis, he 
simply means the ridge formed by the meeting of an upward slope 
and counterslope, or the imaginary line drawn through or along if; 
and by a synclinal, in like » he merely understands a linear 
depression or valley, formed by the meeting of a downward slope and 
cou ; without reference to the ogical constitution of the 
land having such figures, Thus geographical anticlination and syncli- 
oat en we we believe, for the first time by 

r. Brayley), are quite different things from the disposition of grou 
of strata, designated by -the geologists as anticlinal and poh a 
Thus, also, the slope and counterslope may consist of strata, either 
meeting or sloping away from each other; a difference quite unim- 
portant in geography, but of great moment in geology. Geographers 

* The term anticlinal seems to have been first adopted in geography in Dr, 
Heke's ‘ Origines Biblicw,’ Lond., 1834, p. 316, where it is remarked, that the 
range of mountains called the Karadjch Dagh, ‘forms the geographical anti- 
elinal line between the two great rivers Tigris and Euphrates, and their 
respective tributary streams,” 
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valley. The most s 
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sisting of two concentric narrow ranges of hills, 
surrounding a broad, nearly elliptical dome; the lowest and most 
ancient strata forming the dome, the incumbent strata the including 
hills. (Buckland, ‘Trans. Geol. Soc.,’ series IL, vol. ii.; Murchison, 
‘Siluria; J. Phillips, in ‘Mem. of Geol. Survey,’ vol. ii; Lyell, 
‘Principles,’ 1853, p. 421.) ee 
The of the article PARALLEL Roaps in the Naturan History 
Division of this work is referred to above (col. 541), as desirable for 


those of Professor Agassiz, Sir G. S. Mackenzie, Mr. R. and 
others, the structure of the roads of Lochaber has been care- 
fully studied at istinguished American geologist, Professor 
D. Rogers, F.R.S., who occupies, greatly to the advantage of 
the chair of Natural History in the University of G! w. The results 
of this study he stated in a discourse delivered at the Institution, 
in London, on March 22nd of the present year (1861), of which an 
abstract appears in the ‘ Proceedings ;’ and in which he states that he 
has been led by it to reject all the hypotheses hitherto offered in 
explanation of the terraces, as inadequate, and to recognise in certain 
phenomena discovered by him, but not before noticed or an 
considered, a key to the solution of the problem, Of these we 
briefly notice the principal, omitting the details, and subjoin the con- 
clusion at which Professor Rogers has arrived. 

These el roads are apparently level, and therefore parallel, 
“but + instrumental measurements,” Professor Rogers remarks, 
“are necessary before the question of their absolute horizontality can 
be regarded as sati settled ;” on which point, therefore, he 
seems to be at variance with Mr. Darwin, as well as with Sir T. L. Dick 
and Mr. Maclean, by whom, as stated in the former article, they were 
carefully levelled. 

. Each “road,” “ shelf,” or “ terrace,” according to Professor 

is a nearly level, wide, deep groove, in the easily eroded bo 

or diluvium (Surrace or THE Eartu] which, to a greater or less thick- 

ness, everywhere clothes the sides of the mountains exhibiting them. 

They vary greatly in their relative distinctness. With scarcely an 

exception, each terrace or shelf is most deeply imprinted in the hill- 

side, and is broadest, where the surface thus grooved has its 

down the glen, or towards the Atlantic; and is faintest where the 
und fronts towards the head of the valley, or the German Ocean. 

While conspicuous on the open sides and the westward sloping shoulders 

of the hills, the terraces disappear altogether in the recesses or 

corries which scollop the flanks of the mountains. Each grows 

more and more distinct as it approaches the head of its own special 

glen, until those of the two opposite sides meet in a round spoon-like 

point. again coincides accurately in level with some “ water- 

shed ” (?) or notch in the hills leading out from its glen into some other 

glen or valley adjoining, 

The internal structure of the matter composing each terrace consists 
in an “ oblique lamination” or slant bedding of the layers of gravel, 
sand, and other sediment which constitute it, such as geologists fami- 
liarly ise as the result of a strong current pushing forward the 

entary material which it is depositing, and which is held by them 
to indicate, in the direction to which the laminw dip, the direc-. 
tion towards which the current has moved. The “ dip,” or downward 
slant, is almost invariably up the glen, or towards its head, and not 
down the glen, or towards the Atlantic. 

In all previous hypotheses, the agency of sper A water is assumed, 
either the ocean in its ordinary state noe egg es pent within the 
glens, as explained in the former article. But to these Professor 
Rogers opposes the facts, that these level shelves are not true marine 
beaches, exhibiting not a vestige of any marine organic remains, no 
rippled sands, no shingle, and no sea-cliffs; that they display, in 
manner, a total absence of the distinctive marks of lakeisiilaa, not one 
lacustrine organism, neither fresh-water plant nor animal having ever 
been discovered imbedded in them. Nor has any feasible cause of 
blockage of the at different stations above their mouths, to pond 


the waters to the respective heights of the terraces, been assigned ; 
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there are no traces of former barriers in any of those localities where 
alone we can assume be - — Ss to produce the required 
embaying of the waters. e hypothesis of successive “ sea-margins, 
or ceric is stated to be overthrown by the now well-established 
deduction from the recent measurements of Professor Rogers himself, 
that none of the several shelves, or “roads” of Glen Roy correspond 
in level with any of those seen in the adjacent valley, Glen Gluoi, a 
marked discrepancy separating the two groups of terraces into two 


inde tly produced systems. 

: her ddedng further objections, both of fact and. reasoning, to 
former h: on the origin of the parallel roads, Professor Rogers 
concludes by sketching, in the following terms, the action to which he 
ascribes their formation :—‘ He supposes the several terraces to have 
been cut or grooved in the sides of the hills by a great inundation from 
the Atlantic, e by some wide earthquake disturbance of the 
ocean’s bed, and forced against the western slope of Scotland. The 
_ features of the country indicate that, while a portion of such a vast 
sea-tide entering the Frith of Linnhe rushed straight across the island 
through the deep natural trench, Glen Mor or the great Caledonian 
valley, a branch current was deflected from this, and turned by the 
Spean valley and its tributary glens, Glen Roy and Glen Gluoi, into 
the valley of the Spey, and so across to the German Ocean. In this 
transit, the deflected waters first embayed in these glens, and then 
filling and pouring through them, would, upon rising to the levels of 
the successive water-sheds, or low passes, which open away to the 
eastern slope of the island, take on a swift current through each notch, 
and as long as the outpour nearly balanced the influx, this current, 
temporarily stationary in height, would carve or groove the soft 
“ drift” of the hill-side, But the influx increasing, the stationary level 
and grooving power of the surface-stream would cease, and would only 
recommence when the flood rising to the brim of another natural dam, 
a new equilibrium would be established, a new horizontal superficial 
current set in motion, and a second shelf or terrace begin to be eroded 
at the higher level. So each of the parallel roads is conceived to have 
been produced in the successive stages of the rising of one vast steady 
incursion of the sea. The lapsing back of the waters, unaccompanied 
by any sharp localised surface-currents through the passes, could 
imprint no such defined marks on the surface, nor accomplish more 
than a faint and obliteration of the terraces just previously 
excavated during their incursion.” 

A succinct view of the controversy respecting the formation of the 

el roads, showing the position of the eee prior to Professor 
's investigation, will be found in Sir C, Lyell’s ‘Manual of 
a Geology,’ 5th ed., 1855, pp. 86-89. 

VALUE signifies, in political economy, the quantity of labour, or of 
the product of labour, which will exchange for a given quantity of 
labour or of some other product thereof. It is necessary in the outset 
to di ish utility from value, or, as Adam Smith expresses the 
distinction, “value in use” from “ value in exchange.” The utility of 
an article causes it to be an object of demand ; and without some real 
or imaginary utility an article will not have value; or, in other words, 
no one will give other articles in exchange for it: but utility alone 
does not constitute value, except when there is a limited and exclusive 

ion, which enables one man to refuse to others the enjoyment 
of any natural product without the payment of an equivalent or price. 
It is the labour of man alone which in ordinary circumstances creates 
value. What all may enjoy alike without labour may indeed be most 
useful and , but cannot be an object of exchange, and there- 
fore is destitute of value. “The real price of every thing,” says 
Adam Smith, “ what everything really costs to the man who wants to 
uire it, is the toil and trouble of acquiring it. What everything is 
ly worth to the man who has acquired it, and who wants to dis- 
pose of it or exchange it for something else, is the toil and trouble 
which it can save to himself, and which it can impose upon other 
” ‘Hence the labour of man becomes the real measure of the 

weable value of all commodities. 

To illustrate the distinctive character of utility, and the effects of 
labour and of exclusive possession 9 oe pe! upon value, suppose a 
party of settlers to occupy a tract of , and to divide it amongst 
them in equal portions by lot. Suppose also that each settler has upon 
his own land timber, lime, and stone. They all need houses, and have 
the materials to build them with; but the unaided labour of each 
man is unable to appropriate and apply the materials in the manner he 
desires. One man calls in the assistance of his neighbour, and by 
their joint labour a house is built; and this service he repays by 
helping his neighbour also to build a house. He can only repay him 
by labour, because the materials, though of the highest utility, are 
common to both, but need labour to make them available. It is clear 
that the timber, the lime, and the stone are in this case without value, 
and could not be offered by one man in exchange for the labour of 
another. But it should happen that all the timber, lime, and 
stone in the whole district should-be found in the portion of land 
allotted to one of the party, Here the materials would not only be 

. objects of utility, but the limited and exclusive possession of them 
would endow them with value, The fortunate owner of them might 
say to his neighbours, “You shall not have any of my materials 
until you have first built me a house; but when you have each 
at | for me a day, instead of repaying each of you with a day’s 
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labour myself, I will permit you to take the materials for building 
from my estate.” Here the power of withholding the products of nature 
from others is productive of value, being equivalent to a certain 
quantity of labour. But even in this case it is labour which creates 
the value, and is the measure of exchange between the parties. 

The great mass of commodities which are made the subject of 
exchange amongst men are produced by labour only, and are not 
affected by any exclusive possession whatever. With these therefore 
the quantity of labour used in their production is the measure of their 
real value. They will ordinarily exchange for other commodities upon 
which an equal quantity of labour has been expended; but there are 
circumstances which may affect their exchangeable value, while their 
real value or cost of production may remain the same. If a larger 
quantity of any article has been produced than there is an effective 
demand for, its exchangeable value is reduced ; if on the contrary, its 
supply is unequal to the demand, its value is raised. But these varia- 
tions cannot be of long duration. Articles which do not repay tho 
cost of production will soon cease to be produced, until the diminished 
supply again raised their value ; and when articles bear a market 
value much higher than their cost, production will be encouraged until 
the supply is not very wide of the demand. Any permanent altera- 
tion, therefore, in the exchangeable value of one commodity as com- 
pared with another, cannot be referred to these fluctuating and 
accidental causes, but must be the result of a change in the real value 
of one or the other, that is to say, in the quantity of labour required 
to produce it. The value of labour is always the same, but the value 
of the products of labour changes with circumstances, 

The real value of a commodity having been shown to be dependent 
solely upon the quantity of labour necessary for its production, and 
the exchangeable value, for the causes stated, never varying materially 
either above or below the real value, it follows that the price paid for 
labour does not affect the exchangeable value of articles produced 
under similar circumstances. If the labourer gains a larger frase the 
profits of his employer are proportionately diminished; and if his 
share is less, then profits are increased: while both are generally 
preserved by competition from any great disproportion. 

Equal quantities of labour however are not always equivalent ; the 
skill of one labourer, or the severity of his employment, may render 
the time for which he is engaged more than equivalent to the same 
time occupied in labour by another. But this circumstance, though it 
originally affects the comparative value of commodities produced by 
different descriptions of labour, is no cause of subsequent variation in 
their relative value. The relations of different qualities of labour are 
soon practically adjusted, and are not afterwards liable to much 
variation, 

Every reduction in the quantity of labour required to produce a 
commodity diminishes its real value, and therefore, for the causes 
already explained, its value in exchange. Improvements in tools and 
machinery, by saving the labour of man, reduce the value of com- 
modities; but in estimating their influence, we must not omit to 
calculate the quantity of labour bestowed upon the article, directly and 
indirectly—from the growth of the raw material to its finished state 
—throughout the whole process of manufacture—upon the tools, 
machinery, buildings, and other appliances by which labour is assisted. 
Upon the same principles every increase in the quantity of labour 
directly or indirectly applied adds to the value of a commodity. 

The amount of capital employed also enters into the computation of 
value. Capital is only accumulated labour. Where it is abundant a 
small interest is accepted, but where it is scarce a larger portion of 
interest has to be added. Labour can hardly ever be profitably 
exerted without the intervention of capital, as the labourer must be 
provided with subsistence until his labour has realised a profit. All 
improvident attacks, therefore, of the labourer upon the labour fund by 
lessening the amount of capital to be advanced for his support in view 
of prospective realisation, must inevitably react upon himself to his 
own disadvarttage. 

The effects of labour upon price become further complicated by the 
durability of the machinery employed to assist it. If two commodi- 
ties are produced by machinery at an equal cost of labour, and if the 
same quantity of labour has also been bestowed, in each case, upon the 
machinery—the value of such commodities would appear to be the 
same; but if one machine wears out in two years or needs much 
labour to keep it in repair, while the other lasts for ten years requiring 
but little repair—the relative quantities of labour expended indirectly 
upon the two commodities become so unequal, that a considerable 
disproportion must be found in their respective degrees of value. 

Disturbances of the relative value of different commodities 
apparently produced by the same amount of labour, are also caused he f 
the comparative quantities of fixed and circulating capital employed, 
and by the length of time over which the labour is spread, and before 
the products are brought to market, Under these varying circum- 
stances in the production of articles, the price of labour becomes an 
element in their relative value, which is not the case when com- 
modities are produced under precisely similar circumstances. If all 
commodities were produced by an equal proportion of fixed and 
circulating capital, any rise or fall of wages would affect them all 
equally, and would not therefore disturb their relations to each other, 
lf a yard of woollen cloth, for instance, exchanged for a ioe of silk, 
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and wages rose, the value of each would rise in an equal proportion, | venting {the escape of ‘a rare fluid, the sliding-valves should be re 
and the articles would continue to exchange for each other as before, | sorted to. 

But if the cloth were uced almost entirely by machinery and the} Flap-valves, and screw-valves, are used in 

silk entirely by manual labour, a rise of would scarcely affect the | engineering; the former, for the purpose of an 

former at all, while it would add to the cost of producing | discharge of drainage whenever the internal pressure on the 
the latter. They would therefore no longer exchange for each other, | valyeshall exceed the external j and the latter, for the urpose 
or, in other words, their relative value would be altered, The of intercepting the flow of water, or even of gas, in pipes. Selt-acting 
law of such variations is thus stated by Mr, Ricardo, namely, balance-valves are often for the 


in 
the event of a rise in the price of ur, “ only those commodities 
would rise which had less fixed capital em: 
evald peieaie fall te.pes sesip= ies contrary, 
more ti ce when wages rose, 
if wages fall, those commodities only would fall which had a less pro- 
portion of fixed capital employed on them than the medium in which 
price was estimated ; all which had more would positively rise 
in ” 


rdinary 
representative of labour must be selected, by which to carry on the 
exchanges of trade, and the more nearly it represents the amount of 
labour expended upon it, and the less that amount varies, the fitter 
‘will it be for a common standard of yalue. 
| The precious metals, or paper convertible into them, are the 
stand usually adopted, They are however articles of commerce 
varying in supply and demand, and in the quantity of labour required, 
at different times, to produce them. They cannot therefore be 
invariable standards, but must fluctuate more or less like other com- 
modities. 
as in the case of other articles, but in the degree in which it prevails it 
makes gold and silver imperfect standards of value. The circum- 
stances and results of this imperfection and the means of obviatin; 
them are among the most important lations of the politi 
economist, but are more fitly treated of in other parts of this work. 
[Bank ; Bankine; Currency; Exonancr; Waces.] 

(Adam Smith, Wealth of Nations ; Ricardo, Principles of Political 
Ex y and Taxation ; Mill, Elements of Political Economy; Say, 
Richesse des Nations.) c 

VALVASOR, [Vayvason.] 

VALVE. A moveable partition introduced in machinery for the 
purpose of alternately opening and closing a passage through which steam 
or water may be intended to pass, is called a valve ; and this generic 
name receives many specific designations according to the position, or 
the function, the valve may be required to occupy, or to perform. 
Thus there are head, or feet valves; suction valves; delivery, dis- 
charge, air-pump, steam, safety, blow-off valves; spindle, clack, flap, 
slide, cup, crown valves; stop, expansion, distribution, equilibrium, 
aud countless other varieties of valves, which can only be described in 
the detailed notices of the machinery of which they form part. It 
may suffice, then, to state here briefly, that the conditions a valve 
is required to fulfil are, that it open freely in the required 
direction; that it offer no obstruction to the passage of the fluid it 
is Centgned to pass when it is open; that when it is closed it shall not 
allow the fluid to return, Valves must, therefore, fit closely on their 
seats ; be sufficiently strong to resist the pressure to which they are to 
be exposed ; they must be composed of materials which should not be 
likely to suffer deterioration or wear; they must be accessible at any 
time for examination and repair, In the exceptional forms of throttle- 
valves, the majority of the last-named conditions apply; though, of 
course, a8 valves are not intended effectually to close the 
of the fluids they intercept, they do not require the same amount 
of, eeenei or the same perfection in the seating, as the ordinary 
valves do, 

It follows, from the nature of the work ‘ormed ordinary 
valves, that great mechanical perfection is in nan eteection, 
The bearing surfaces are, therefore, carefully planed, turned, and fitted ; 
and the face of the valve iteelf is frequently covered with a semi- 
elastic material, for the of more effectually excluding the 
poasage of the fluids; or it may be kept close against the seating by 
means of springs. These contrivances, however, necessarily give rise 
to considerable friction on the opening and shutting of the valves, and 
it thence becomes necessary, in designing machinery, to diminish the 
weight and the number of the valves as much as possible, Moreover, 
as valves only open when the pressure on one side exceeds that upon 
the other, the effort required to open them may become a question 
of serious importance, and the reaction which may ensue upon their 
being sudden! closed may frequently exercise a powerful effect upon 
the a. enlarge tind for instance, 7 e the cases of a valve 
upon rising of pump, or of the expansion ofa 
pirat soon It is for the purpose of obviating Sota pr of 
§ and danger, that the cup-valves and the equilibrium. 
—- — poh ret to, under Pump and Sream-Enarny, are intro 
« ; for ordinary purposes it may be considered that lifting-valves 
are adapted for sone work and for dense fluide; that Mapes 
present some mechanical advantages over the lifting-valves; and that 
when there is a necessity for gradually closing a passage, or for pro- 


Practically, this variation is not, upon the whole, so great |" 


hom in the Greenock Water Works, to ensure uniformity 
ae the sadll coeetan bg Tandl haem to died with; a full account of 


contrivances is to be found in the‘ Annales des Ponta eb Chaussées 
for 1831, 

VALYL. (Boryx.] 
MPIRE. 


of mischief to the living. 


asleep, and thus causes their death, Those who destroyed 
N | Coarse The only manner of getting rid of such un- 
Calves vinleces fn, néocnliog to the author, to disinter their 


same 

bodies, to pierce them with a stake cut froma 

their heads, and to burn their hearts. 

early times. 
ghosts, called “ gouls,” &e, 

The belief in these apparitions was not destroyed —— 

, in full foree during the middle 


: 
Pa 


unable to 
a su) ition founded upon a feeling by w e great mass of 
rhe panei actuated—fear ; and many authors wrote books — 


on the subject. Besides Dom Calmet, whom we have quoted, we may 
mention-—Phili Rerius, an author of the 17th century; Michael 
Rauft, who published in the last cent a treatise “ De Mastications 
oinsereck i ghimpary bac 23 *In Magia Posthuma, 
Olmiitz, 1706, ; oe 
The superstition about the vampires is chiefly in somo 
petit Sueern Pes ee See wh in Poland 
l under the name of “ Upior ;” in knine Vee ee 
4 ka;” in Hungary, Servia, Greece, &e., * Vroucolackas,” 
 Vardoulacka,” “ Bronosluca,” de. 


Of all those countries, Hungary and its dependencies be con: 


vampirism, The 

diplomatist denied in his king the existence of tho 
vampires, and he informed him at the same time that the anecdotes 
about them were inserted in the contemporary records of the Austrian 
tribunals, This superstition gained ground so much that the chief 


iodicals of that time contain accounts of cases of in 
ungary; such as, for instance, the ‘ Mercure Historique et ue,’ 
for October, 1736, pp, 408, 411; and the Dutch paper, ‘Le Glaneur,’ 


rays 
perstition is chiefly 
valent in rarest the — of ‘The Vampire,’ written by Dr. 
Polidori, was fo upon ‘ : 
It may be euppowed that the superstition about the vampire has 
derived considerable strength from cases where men, supposed to be 
dead, have been buried alive. Such cases have happened in many 
countries, as has been shown by the altered position of the 
the coffin, of blood on the torn winding-sheets, bites on the 
hands, and marks of the and despair before life became 
extinct. It is probable that such have been sometimes interpre- 
ted as the marks of vam 


iy 


cognomen of the Seandinavian goddess Freia, In execedingly minute 


VANADIC ACID, [Vaxapium. ; 
VANADIUM (vy). rare aot Tt was discovered in 1801 by 
Del Rio, and in 1830 named, by Sefstrém, Vanadium, from Vanadis, a 


——— 


VANDALS. 


VAPOUR. © 2) 


ic, hydrochloric, or nitric acids. 

Pine nivalent of vanadium is 68°46. 

Ve 5 aman ceepnein Havens eee 

‘O) has the appearance of ite, ‘ormed when hydrogen is 
ee rer haved vanadio acid The binowide (VO,) is a black powder 
produced when the ide is heated in the air; it combines with 
acids to form salts, which have a blue colour. The terowide or vanadic 
anhydride (VO,) is a brownish-red powder that remains on i 
bivanadiate of ammonia. It fuses at a red heat, and is slightly soluble 
in water, to which it communicates a yellow tint and an acid reaction. 
Vanadie acid (2 HO, VO.) falls as a precipitate when nitric acid is added 
to a hot solution of a bivanadiate; in appearance it much resembles 


Na0, 2V0, +910 
8r0, 2¥0, +9HO 
CaO, 2V0, +9HO 
MgO, 2V0,-+-8HO 


Baryta salt wre ve 3Ba0, 5VO, +19HO 


ted Bo 

‘Two chlorides (VCl, and VC1,),as well as sul 
ium, have been ob’ 

Tests for Vanadium. By reducing agents, such as sulphide of hydro- 

gen, or a boiling mixture of sulphuric acid with alcohol or sugar, 

vanadiates yield beautiful blue solutions. This reaction distinguishes 

them from chromates, which under the same circumstances give green 


liquids. 

VANDALS. uToxtc Nations.] 

VANILLA, [Vanita, Aromatica, in Nat. Hist. Drv.] is a native 
of Brazil. The fruit is the only part of the plant that is used. It has 
a baleamie odour, and a warm agreeable flavour. For these properties 
it is indebted to a # gra volatile oil, and to a considerable quantity 
of benzoic acid. e fruit is gathered when it gets yellow, and it is 
first allowed to ferment for two or three days: it is then Jaid in the 
sun to dry, and when about half dried it is rabbed over with the oil of 
1 it is again exposed to the sun to dry, and oiled again a second 

The fruit is then collected in small Sin aor teas abr apetle ag 
leaves of the Indian reed, and sold to the Europeans. It is used to 


VANISH (Mathematics). A quantity is said to vanish, or to become 
evanescent, when its arithmetical value is nothing, or denoted by 0. 
When the evanescent = only a part of another, there is 
seldom or never any more culty about the case in which it 
vanishes than about that in which it takes any other specified value : 
bat when the whole of what is under consideration vanishes, any or 
all of those views may be required to render this case intelligible 
which are explained in Norutne; Inrrrre; Luurrs; Ratios, Parte 
anp Unrmate; &. And in particular the phrase of two quantities 
ing in a certain ratio is to be referred to the last of the articles 

a value given to a letter makes an expression vanish, or 
reduces. it to 0, it would be very convenient to say that the given value 
ee te ee of the expression : but this language is 
not 


VANISHING FRACTIONS. [Fractions, Vanisurne.] 

VANISHING POINT, LINE, &. [Pensrgortve.] 

VAPORISATION is the process by which a liquid on being suffi- 
ciently heated passes off in the form of vapour. It differs from 
Evaronation in being generally an artificial and a quicker process, 
while the latter is spontaneous. 

VAPOUR. There are many substances, both fluid and solid, which 
4 when exposed to the air, or to the more powerful agency of heat, are 
. gradually but totally dissipated, owing to their particles assuming the 
ene eee 5 eresed spowicnenns evaporation. A vapour, 

of ponderable matter combined with sufficient ific 

heat to enable it to retain its aériform existence: we have ly 
[Gas] given a similar definition of a gas, The question, then, natu- 
arises, In what do vapours differ from gases? The answer is, 


fited in the state of ap ges water on the colder body; we say then 
© vapour of water, and not aqueous gas. No 


similar change is produced, by this abstraction of heat, in the form of 
the constituents of the air, and they are therefore termed gaseous 
bodies or gases. The difference, however, we repeat, is one of degree 
only ; for many gaseous bodies which had been, not many years since, 
considered as permanently elastic as atmospheric air, have been shown 
by the important investigations of Dr. Faraday to be reducible to 
liquids [Gasrs, Liqueraction oF]; and additional experiments have 
even shown that carbonic acid gas, which requires a pressure of 35 
atmospheres to render it fluid, may by particular management be con- 
verted into a solid. [CarBonro Actm.] 

A practical difference between a vapour and a gas is illustrated by 
the use of the vapour of water, and its subsequent condensation, as a 
motive-power in the steam-engine, [Sream and SrzaM-Encrnu.] No 

gaseous body could be employed with the same advantage, 
owing to the great degree of pressure and cold required for its con- 
densation. Nor could the vapour of any other liquid than water be so 
profitably employed as a prime mover, for the reason given under 
Latent Hear. A 

It was formerly supposed that the air dissolved vapour and held it 
in solution as water holds sugar or salt. This was the theory of Le 
Roi, propounded in some otherwise ingenious papers, ‘ Sur l'Elévation 
et la Suspension de I’Eau dans l'Air et sur la Rosée” (‘Mem. Acad. 
peat des Sciences,’ 1752; and also in a separate volume, ‘ Mélanges 
de Physique et de Medicine, 1771.) This theory, however, was com- 
pletely demolished by Dalton at the commencement of the present 
century (‘ Manchester Memoirs’), who showed that a vapour forms 
much more easily in a vacuum, and that the pressure of air retards and 
obstructs the evaporation of a liquid. Dalton’s apparatus consisted 
chiefly of two barometers placed side by side. A drop of a given 
liquid was sent up into the vacuum of one of them, when it became 
converted into a transparent vapour, and, exerting a pressure on the 
mercurial column, lowered the mercury in the tube. The amount of 
this depression was measured by comparison with the adjacent baro- 
meter, and the icity of the vapour was expressed not-by that 
depression, but by an equal quantity of mercury which the vapour 
would support. Thus, if the summit of the column of the mercury 
containing the vapour stood half an inch below the mercury in the 
adjacent barometer, the pressure of the vapour would be such as 
would support a column of m half an inch in height. In esti- 
mating this pressure, sufficient liquid must be sent into the vacuum to 
saturate it, and it is then found that the elasticity of the vapour is 
directly as the temperature. By surrounding the tube with some 
vessel capable of containing hot water, with a thermometer for indi- 
cating temperature, the temperature of the vapour can be known, and 
the relation between its temperature, pressure, and density ascertained. 
[Evaroratioy.] Various forms of apparatus have been contrived by 
Dalton, Gay-Lussac, Arago, and Dulong, and by Regnault, for deter- 
mining the and densities of vapours, and obtaining such 
results as are given in the table under Sream and Steam-Enatne. 

The specific gravities of vapours, like those of gases, are referred to 
air as a standard at the temperature of 32° and a pressure of 30 inches; 
or the density of 4 vapour may merely express the ratio of a given 
volume to an equal volume of air of the same temperature and pressure. 
In the case of steam above 250° this ratio is invariable, and indeed the 
ratio of the densities is constant for the vapour of most liquids above 
= boiling points. These ratios have been thus determined by Gay- 

UseRe ;— 


Afr. . y pate yy eer er + 10,000 
Vapour of water ° tare . e + « 6,235 
” alcohol . ‘ . . ‘ ex « 16,138 
» _—‘- Sulphuric ether . . . « « 25,860 
y» _- sulphuret of carbon ‘ . . + 26,447 
«ss essence of turpentine . * « « 60,130 
” mercury . « ‘ ‘ . « 6,976 
9 Selle = He GOS 4% « 66916 


When a gis and a vapour which do not act chemically on each other 
are incl in the same space, they will exert separately on the sides 
of the vessel the same pressures that each would produce if it occupied 
the same space in the absence of the other, so that the total pressure of 
the mixture is equal to the sum of the separate pressures. 

When vapour receives a supply of heat after it has been separated 
from the liquid it is called super-heated vapour. Such vapour, unlike 
ordinary vapour, may lose a portion of its heat, and still the whole of 
it continue to be vapour. Tt after a vapour has been raised from a 
liquid, it be com into a smaller space, its temperature will rise, 
and if expanded it will fall; but the temperature, pressure, and volume 
will always be such as the vapour would have had if it had been raised 
directly from the liquid at such temperature and pressure. Thus, 
vapour raised from water at 68° has a volume 58°224 times greater 
than the water that produced it. If this vapour be separated from the 
water, and its volume be compressed until it is only 1696 times that of 
the water, its temperature will rise to 212°, or that which it would 
have had if directly raised from the water under the increased 


pressure, ; 

Evaporation, both spontaneous and artificial, and especially the 
latter, is employed in numerous manufacturing and chemical processes. 
When, for example, common salt is prepared from sea-water, it is 
exposed in the first instance to the air in shallow clay pits, by which 


VAPOUR-BATH. 


VAPOUR-PLANE. 


spontaneous evaporation takes place; and this occurs to the greatest 
extent in hot ab hy and ay surface of the brine is agitated by 
the wind. It is found, however, that spontaneous evaporation can be 
carried on with advantage to a certain extent only; and when this 
point is arrived at, the operation of salt-making is finished by removing 
the concentrated brine to iron vessels, in which the evaporation is 
artificially conducted by the application of heat, the vaporisation being 
greater as the temperature is higher, till the boiling-point is arrived at, 
when it is greatest, 

Evaporation is used for numerous purposes and processes, and in 
different modes, according to the su operated on and the 
objects to be attained. When contrivances are adopted for represen | 
the whole or any portion of an evaporated liquid, the process is term 
DistILLatrion, and the ends accomplished by it are various. When, 
for example, water is distilled, it is for the purpose of separating the 
saline and earthy impurities, which, not being vaporisable, remain in 
the body of the still, while the pure vapour of the water is condensed 
by cooling in the worm : so, again, when wine is submitted to distilla- 
tion, it is for the purpose of evaporating and subsequently condensing 
the spirit or brandy from the water and the colouring-matter. When 
herbs, as lavender, peppermint, &c., are heated with water in a still, 
the oil and water rise in vapour and are condensed; when turpentine 
is similarly treated, a volatile oil rises in vapour, while the resin or 
rosin, not being volatile, remains in the still. Vaporisation in the form 
of distillation is also largely employed in the preparation of various 
acids, such as the nitric acid, hydrochloric acid, &c. 

When solid bodies are vaporised and subsequently condensed, the 
operation is termed sublimation, and it is resorted to with different 
intentions, as for the purification of camphor and the preparation of 
corrosive sublimate and calomel. 

It be evident on slight consideration that vessels of very different 
I ials and construction must be employed in evaporation, distilla- 
tion, and sublimation, and according to the nature of the substance 
operated on. Thus the first stage of the concentration of sulphuric 
acid is conducted in lead, the concluding one in glass or platinum ; 
ealine solutions are evaporated to the crystallising point in lead or 
copper; the caustic alkalies in iron or silver; the distillation of spirits 
in copper; that of acids in iron, earthenware, or glass; while the 

tion of common salt is completed in vessels of iron. 

For further information we refer to Evaporation; Dew; Hyaro- 
metry; Bormaiyxe or Liquips; Esuitimion; DistiniatTion; STeam 
and Srxam-Enarne; Latent Heat; Srecrric Heat ; TRANSPIRATION, 

VAPOUR-BATH. [Batu; Batutya.] 

VAPOUR, OPALESCENT. This appears to be the most con- 
venient appellation for what has sometimes been termed red or orange 
steam. It is a condition of condensed and condensing aqueous vapour 
which was first distinctly recognised, and its optical properties inves 
tigated by Dr. James D. Forbes, F.R.S., when Professor of Natural 
Philosophy in the University of Edinburgh. Its effects in nature 
have been observed from time immemorial, though ascribed to other 
causes; and there can be no doubt that it would long ago have been 
recognised and described by those practically conversant with steam and 
steam-engines, had not its effect on luminous bodies been confounded 

with that of smoke, from which it is in fact undistinguishable by the 
eye. In the year 1838, Professor Forbes, standing near a locomotive 
engine which was discharging a large quantity of high-pressure steam 
by ite safety-valve, chanced to look at the sun through the ascending 
column of vapour, and was struck by seeing it of a very deep orange 
colour, exactly similar to dense smoke, or to the colour im to the 
sun when viewed through a common smoked glass. e same he 
found might be obrerved during the ordinary progress of the engine in 
the steam thrown into the chimney, but the pr of smoke itself 
rendered the experiment less satisfactory. He afterwards observed 
that while for some feet or yards from the safety-valve at which the 
steam blows, its colour for transmitted light is the deep orange red, at 
a greater distance, the steam being more fully condensed, the effect 
entirely ceases. Even at moderate thicknesses the steam cloud is 


absolutely opaque to the direct solar rays, the shadow it throws being 
as black as that of a dense body; and when the thickness is yery small 


it is translucent, but absolutely colourless, just like thin clouds 

over the sun, which indeed, accordin 

perfect analogy of structure. When 

dication of colour is 
ry + J 


ing 

to Professor Forbes, have a 
e steam is in this state no in- 
perceptible in passing from the thickness corres- 
E ig to tr ry to that which is absolutely opaque. 

Professor Forbes proceeded to investigate this novelamnad by means 
of a high-pressure steam-boiler, and a theodolite with a good prism 
ploced in front of the telescope, and from the experiments he made 
deduced the following concl :—“1, Steam in its purely gaseous 
form is, as commonly supposed, colourless, at least in small thicknesses. 
2, The orange-red colour of steam by transmitted light appears to be 
due toa lar stage of the condensing process. Before condensation 
steam is colourless and transparent; it is noxt transparent and smoke- 
coloured ; finally it becomes colourless at small thicknesses, and 
pres opaque at greater. 3. The state of tension of the steam 
reems only to affect the phenomena so far as it renders the critical 
colorific stage of condensation more or less completely observable. 
4. The absorptive action of steam on the spectrum is not exerted in 


the rame way as that of other gaseous coloured bodies, such as nitrous : 


known by Professor Forbes, relating to the nature and properties of 
condensing steam with respect to light, have subsequently led other 
men of science to unite in the conclusion, that the structure of orange 
steam is in reality that of opalescent bodies, with the phenomena of 
which, as we have seen, he recognised the analogy of those presented 
by it. Innumerable globules of water are formed throughout the still 
gaseous vapour, by the joint action of which on light the colour of the 
aggregate mass is produced. It is on this account that its absorptive 
action on the spectrum is not exerted in the same way as nitrous acid 
gas and iodine vapour, which themselves possess true colour. The 
other results obtained by Professor Forbes also harmonise with this 
at though thus obliged to relinquish the idea that aqueous 

ut tho we are thus obli ie aqueous 
vapour in any state is itself truly coloured, the observation of the 
existence of this particular condition of a ci cmagioge volume of steam 
is of great value; especially in its application to the phenomena of 


nature. Professor Forbes at once inferred from his investigation of 
that the condition of watery vapour he had observed “ is the pri 


the deposition of dew, and consequently in severe weather we have vast 
tracts of air containing moisture in that critical state which 
condensation,”—in other words, in the red opalescent condition, 


‘ Trans. of the Royal Society of Edinburgh,’ vol. xiv. But we cannot 
wholly agree with him as to the colours of the morning sky, 
phenomena of which appear to us to be the same with those of 
evening, but in the reverse order. Mr. Luke Howard had long before 
observed the connection of the presence in the sky of a stratum of 
vapour having the peculiar red colour, with the coming or actual 
formation of dew, and had given to it the name of the , of 
which many observations will be found in his ‘ Climate of London!’ _ 

VAPOUR-PLANE. This term, which was probably adopted by 
Luke Howard from De Luc, denotes a region of the atmosphere hori- 
zontal in its general direction, though subject to elevations and 
depressions, at or on and above which clouds form by the condensation 
of aqueous vapour, and on which, therefore, they appear to float. Its 

ition is most recognised by the eye, by observing the modi- 
fication of cloud called cumulus, the various aggregations of which, or 
distinct clouds, have a common base-line, or have their inferior surfaces 
at the same height. The subject has already been noticed in the 
articles CLoup (col. 981) and Dew-Pornt; but in the latter the vapour- 
lane is erroneously stated to be the superior, instead of the inferior, 
imit of a certain stratum of the atmosphere, and also that cloud forms 
below instead of above it, when it is regarded as a mathematical plane, 
But there are in fact as many vapour-planes in the atmosphere of any 
locality on the earth’s surface, and at any time, as there are strata of 
clouds at different elevations; and in each case the plane becomes 
itself a physical plane, or stratum, throughout which cloud is produced. 
These successive strata originate, of course, in alternations of tempe- 
ee aud in the amount of aqueous vapour present in a given volume 
of air. 

The following statement, founded upon the principal results deduced 
by the late Mr, J. Welsh from experiments made by him and described 
in his account of meteorological observations in four balloon ascents 
made in 1852 (‘ Phil. Trans.,’ 1853, pp. 311-346), already cited under 
Cioup, gives a general view of the nature of the alternations in 
question, which may be compared with the particulars of the height of 
the several strata of cloud passed through in those ascents, and stated 
in that article, col. 983, , 

The temperature of the air decreases uniformly with the height 
above the earth’s surface, until, at a certain elevation, ing on 
different days, the decrease is arrested, and for a space of from 2000 
to 3000 feet the temperature remains nearly constant, or even increases 
by a small amount, the diminution being afterwards resumed 
and generally maintained, at a rate slightly less rapid than in the lower 
part of the atmosphere, and commencing from a higher tem 
than would have existed but for the interruption noticed. This inter- 
ruption in the decrease of temperature is accompanied by a large and 
abrupt fall in the temperature of the dew-point, or by actual condensa- 
tion of vapour, from which it may be inferred that the disturbance in 
the progression of temperature arises from a development of heat in 
the neighbourhood of the plane of condensation, or va The 
subsequent falls in the temperature of the dew-point are generally of 
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an abrupt character, and productive of as many vapour-planes ; corre- 


mding interruptions in the decreasing ion of temperature 
cre eonanuiaiee i but in a less degree, as might indeed be 
expected from the that at greater elevations, and consequently 


VAREC. An obsolete name for crude carbonate of soda. 

VARIABLE. A quantity is said to when it changes value, 
whether gradually, or by jumps or starts. The notion of a variable 
quantity is the first which must be established in teaching the Diffe- 
rential us, and requires a little explanation. 

One magnitude at least is hardly conceivable without the notion 
of variation; we mean time or duration. oning from a fixed 
ee ee time is nothing but that of the other 
extremity of a variable quantity, the variation of which we cannot 
suspend, even in thought. 
not obliged to consider them 
power to do so, and we are constantly learning the variation of length, 
solidity consequent upon motion. And we can even consider 
this variation as arising from no act of our own, as i t of us, 
and ont of our power to stop: though even when this is physically 
true, namely, that the variation is out of our power, we can conceive or 
imagine that it does stop, and trace the consequences of such stoppage. 
Variable magnitude, then, presents natural ideas, such as we not only 
casily ire, but such as it would be difficult, if not impossible, to 

of number, the case is much altered. 
algebraist, “let 2 be a variable quantity,” 
clear as it may be when quantity means magnitude, is not quite so 
oe quantity — berg as Seo meyepierae xo ee 
something to as to how number is imagi vary 

at all: and still more as to its gradual variation. 


say it, number is more of the nature of an opinion about magnitude 
than of magnitude itself. When we of a symbol ha gic a 
variable number, we know that, we say the symbol changes its 
bon it is we ourselves who sing all i — eee g of - 
sym We can imagine (wa question about possibility o’ 
our imagination, or its metaph truth) ev annihilated 


except two material points, one or both of which are in motion with 

to the other: but we cannot in such a case imagine z to be a 
symbol of a variable number. Unless some intellect be im existence to 
mean something by ~, or to make a symbol of z, there can be no such 
thing as a variable number, or as the abstract idea of number at 
all. When we say, let z be a variable number, we must always be 
understood to mean, let # be a symbol which at one time we may be 
allowed to make to stand for one nypmber, and at another time for 


we cannot form anything but an approximation to this idea of gradual 
variation. We can pass from 1 to 2 by successive steps, by millions of 
bchen ry tebe 2 by the h, 1+ 2h, 1 Shs Be, 
we can to steps 1+ + +3h, &e., in 
manner that we shall not arrive at 2 till 6 f 
But this is no’ 


eae 
: 
f 
E 
li 
; 


agg pemdadeenen poss by steps so small, that whatever 
AD represent, 
i accaaastanl slace te whieh, we tie 


number in Ac, may be made as near to AD as we please. It is, no 


¥* function of that variable, such bgt ae sigs =a*, Then let x 

ry into +h, in consequence of which y becomes y+k; 80 

bv gd =(x+h)*.” Now if x be the symbol of the variable quantity, 
can mean this, that both before the quantity has 


and after, it a, how can it be allowed both to let 2, 
as it were, imply its own ion in its very meaning and yet alter 
aw into «+h to that # changes? The truth is that the language 


is incorrect; it should be as follows :--Let there be two variable 


quantities, one of which is always the square of the other; let « be the 

value first given to one of the variables, and y to the other, so that 

y=", Then let a new value «+h be given to the first variable, in 

consequence of which the second becomes y+k, so that y+k=(x+h)% 

In fact, z does not represent a variable quantity, but a certain value 
iven to a variable quantity. 

VARIABLE STARS. This term has been applied to a class of 
stars which exhibit variations of brightness when observed from time to 
time. The branch of astronomy which takes cognisance of such objects 
is entirely of modern origin. The first star of which the light was 
found to be variable is a small star in the constellation of the Whale, 
usually designated in the catalogues of astronomers as o Ceti, or 
omicron Ceti. This star was observed by Daniel Fabricius, on the 
13th of August, 1596, and noted by him as a star of the third magnitude. 
In the month of October of the same year, the star had vanished from 
observation, as if it had been extinguished, and for some time after- 
wards it does not seem to have attracted the notice of observers. 
Bayer, in his ‘ Uranometria,’ published in 1603, has inserted the star, 
but he makes no allusion to its previous disappearance. The discovery 
of the variability of its light is due to Holwarda, a Dutch astronomer. 
In the month of December, 1638, Holwarda perceived the star during 
an eclipse of the moon, when it exceeded in brightness a star of the 
third magnitude. About the middle of the following summer he was 
unable to discover the slightest trace of it. However, on the 7th of 
November, 1639, he again detected it in its original position. 

The star was now carefully observed by several individuals, among 
the rest, by the famous Hevelius. The discovery of the period of its 
variations is due to Bouillaud, who found that an interval of 333 days 
elapsed between two successive disappearances or reappearances, The 
= of modern observation indicate the exact period to be 3314 
15° 7, 

In addition to the star to which we have just been referring a great 
many other stars have been found to be variable, and the number is 
rapidly increasing every year. This important result is due in a great 
degree to the practice of carefully scrutinising small stars in connection 
with the es for asteroids which has been so assiduously prosecuted 
in recent years by a number of individuals in different countries. We 
shall now allude briefly to the peculiarities of two or three other ex- 
amples of variable stars, 

B Persei. This star, usually termed Algol, which is situate in the 
head of Medusa, was found by Montanari and Maraldi to exhibit 

fluctuations of brightness, but the period of its variations was 
first established by Goodricke in 1782. It generally appears as a star 
of the second magnitude. In the short space of three hours and a half 
it descends to the fourth magnitude, and then in an equal interval of 
time regains its usual brightness, It shines as a star of the second 
magnitude during the space of two days; thirteen hours, and three- 
quarters, and it consequently passes through the complete cycle of its 

in two days, twenty hours, and three quarters, According to 
y 8 wh the oat period is 24 204 48™ 525, 

B Lyre. This star was first found to be variable by Goodricke in 
1784. It is an object of great interest, inasmuch as it possesses a 
double maximum and a double minimum. When it arrives at its 
maximum brightness, it resembles a star of the third magnitude. At 
one of its minima it appears between the third and fourth magnitude, 
and at the other, between the fourth and fifth magnitude. Argelander 
has found that it passes through its variations in 124 21" 53™ 10+, 

8 Cephei. This interesting star was also first discovered to be variable 
by Goodricke in 1784, Argelander determined its period to be 54 8" 
47™ 39°5%; but the late Mr. Johnson, director of the Radcliffe Obser- 
vatory, Oxford, fixed the period at 54 6 42™ 18-4", At its minimum 
it is equal to a star of the fifth magnitude, and it hence increases until 
it resembles a star between the third and fourth magnitude at its 
maximym. The interval which elapses between the maximum and the 
minimum is 3419", while between the minimum and the maximum 
the interval is only 1¢ 144, 

Some stars have been discovered to be variable, but their fluctuations 
are so irregular that it has been hitherto found impossible to reduce 
them to any fixed Jaw. A remarkable example of this kind is furnished 
by the bright star in the southern hemisphere, denominated n Argis, 
In 1677, Halley, during his residence at St. Helena, classed it among 
the stars of the fourth magnitude. In 1751, Lacaille estimated it to 
be of the second magnitude; however Burchell, who resided in South 
Africa from 1811 to 1815, again ranked it among the stars of the 
second magnitude, From 1822 to 1826, it was estimated to be of the 
second magnitude by Brisbane and Fallows, who observed it, the former 
at New South Wales, and the latter at the Cape of Good Hope. In 
1827, Burchell, while residing at St Paul’s, Brazil, estimated it to be 
of the first magnitude, and almost equal to a Crucis; but in the 
following year he found from observations made at Goyer, that it had 
again descended to the second magnitude. Johnson, who observed the 
star at St. Helena between 1829 and 1833, estimates it to be of the 
second itude; and Taylor’s observations at Madras during the 
same period indicate the same fact, Sir John Herschel also, from the 
time of his arrival at the Cape of Good Hope in 1834 till 1837, esti- 
mated it invariably to be between the first and second magnitude, 
But on the 16th of December, 1837, while engaged in making photo- 
metric observations of the small stars in its vicinity, he was surprised 


to find that it had rapidly increased in 
to « Contauri, and far 


in brightness all tho other fixed 

except Canopus and Sirius, It attained its ae ee on 
the 2nd of January, 1838. Shortly afterwards it , and it 
continued to diminish in brightness 


till March, 18 In the following | detailed account, and the new star of 1604, which was observed by 
tness, Galileo x be i) 


mouth it again rapidly increased in ayant ys bogey and’ Kepler, 
scrvations of at the Cape of Hope, and of Mackay at | The following table of variable stars, drawn up by Mr. Pogson, is 
Calonthny 0 ew pase ee ee eer ae es extracted from vol. xvii. of the ‘ Observations made at the Radcliffo 
Sirius, It conti for years to exhibit this great degree of , Oxford. Mr, Pogson is known as one of the most suc- 
brightness, when it began to fluctuate as before. cessful explorers of this interesting field of astronomy, 
Elements, 
— Discoverer | Observed Variation 
i of Variability, of Magnitude, Epoch, Period, Avtherit, ., 
Ts 
Max, Min, * . - 
a Casslopcla ° «| Birt . «620 25 Vacertaia 791 days Argelander, ‘ 
« Cth. . « +) Holwarda 20 Under 12 1861, Juno 16°45 $31°3363 days | Argelander. 
& Pereci + « «| Montanari ,| 3°3 40 1854, Oct, 8°22355 2°86727 days | Argelander, 
a Tauri . ‘ e «| Baxendell 40 45 1858, June 2°033 3°953 days Baxendell, 
R Taurl . . +| Hind . +| 80 [Under 13°5 1856, Feb, 2 330 days Winnecke. 
« Aurige . » «| Heis o | 8 45 Uncertain Unknown 
Rieporis ,. ° | Schmidt ° 7 ve Uncertain Unknown ’ 
a@ Orionis. «. «+ «| Herschel. « 1 15 1852, Nov. 26 196 days 
& Geminorum e +} Schmidt | 88 45 $1857, Feb, 7°3000 10°15833 daya | Argelander. 
RGeminorum . . «| Hind e- 7 ll 1848, Nov, 14°5 $69°73 days Pogson, 
S Can. Min. . PS +| Hind , +} 85 pes 1856, Dec, 10 335 Schonfeld. 
§ Geminoruam . . «| Hind ae 9 Under 13°5 1848, Feb, 20°1 294°07 days Togzon. 4 
T Geminorum . -| Hind . . 9 Under 13°5 1848, Feb, 22°8 288°62 days Pogson. ‘ 
R Caneri . + «| Schwerd. . 6 Under 10 1857, Feb, 23 380 days Argelander. ri 
SCanri . . «Hind. «| 8 10°5 $1854, June 22-4714} 948397 days | Argelander, a 
8 Hydre . . « «| Hind eo of §68°S 135 1857, Feb. 20 256 days Schinfeld. 
T Cancri . . +| Hind . o} =O°5 12 Uneertain Unknown 
RLeonis . . + «| Kock ee 5 10 1854, Nov, 27 $1217 days Pogson. 
R Urs. Maj. . 2 — «| Pogson, 7 13 1853, March 24°1 301-90 days | Pogson. 
RR Virginis . + «| Harding . «| 65 Under 11 1856, Jan, 13°97 145°724 days Argelander. 
S Urs. Maj. . . -| Pogeon ° 7 12 1853, Aug, 23°3 222°65 days Pogson, 
8 Virginis . + +| Hind . of 5S ll 1854, Feb, 7°5 $80°11 days Pogson, 
5 Serpentis . ‘ «| Harding =. 8 Under 10 1857, April 5 367 days Argelander. 
R Cor. Bor. . o | Pigott «. « 6 a 1854, June 15 $23 days Argelander. 
@ Hereulis . . «| Herschel e 8 35 1856, May 18 66°33 days Argelander, 
7 7 
RSeuti . . « «| Pigott . « 5 9 1857, Nov. 23 71°75 days Argelander, 
& Lyra . . + Goodricke .| 34 43 71857, Feb. 6°0793 12°90639 days | Argelander. 
R Aquila © « «| Argelander .| 6°5 ee 1857, July 20 351°5 days Argelander, 
R Cygni 82 | RO ce col) eR Under 14 1852, Aug. 7°5 416°72 days | Pogson. 
» Aquile . . + +| Pigott . | 86 44 1857, Feb, 6°6056 7°17631 days Argelander. 
34 Cygui ‘ . «Janson. . 3 Under 6 Uncertain 18 years Pigott. 
24 Ceph. (Hers.) + «| Pogson. ° 5 i 1807 73 years Pogson. 
8 Capricorni . ‘ | Hind ow 9 ll Uncertain Unknown 
T Capricorni . + + Hind . « 9 Under 14 1855, Oct, 25 274 days Schinfeld, 
w Cephei . . +} Herschel. . 8 6 1857, April or May Unpublished, Argelander, 
3 Cephei . . + « Goodricke .| 37 48 $1857, Feb. 6°0516 5°366436 days | Argelander, 
& Pegasi . . +} Schmidt . 2 25 Uncertain 41 days Schmidt, 
RCassiopcim . . «| Pogson +| 60 | Under 14 1853, April 28:9 


No eatisfactory explanation of the phenomena of variable stars has 


hitherto been advanced by any inquirer, Some astronomers have 


434°81 days Pogson, 


suggested that the variations of li 
circulating around the stars. A 
may arise from the 


VARIA 


itary welallo magatetes Sask eee ae ee an eme 

w v if when 
the first changes from A to » the second "to b, te 
ech ete And when we say that one 


are two 


Ax @ 


Sa nt coum in ea 
comes the ion of a of 
oo which is much used, and which bed a once 
in English mathematical writings. We refer to such 
following :—a varies as B—a varies as 


it may be due to dark bodies 
ig to others, the fluctuations of 
of dark tracts on the surfaces 
of the stars, which are periodically turned towards the earth by the 
revolution of the stars on their axes. The phenomena, however, are in 
general so irregular, that neither of these hypotheses is capable of 


The epochs marked thus + are epochs of minimum, 
These were in fact but modes of writing the equations : 


in a manner which 
us to think of the 


A=ca ‘2 g¢mid 
a 


should recognise their existence pera hie  F 


particular value of the constant c, According to 


uations, if we take the first, and su that a changes 
into B w: eva eheagia'tnta'l, We" non" eivrh that a4-» i the Same 
Bete, hem tae ualtoc, Anda « a us that 4+ @ is 


alwa: 


that if either of the 


first varies as the other. Thus the price of a quantity of goods 
gravitation of particles varies inversely as the squares of distances jointly as the number of things and the price of each. At a 


We are rather inclined to regret the 
change from a@ to b, then | notation of variations We ee ee ee ee 
use, 


Dor ot things, to whole price, varie am the rise of 
Wien varies us y es Erention a= ey ets ipo 


same quantity, without sa; what it is. 
en one quantity varies as both of 


two others jointly, it means 
second and third mentioned remain constant, 


eitie 


jointly, the 


i 


years, though the phraseology is still in some of is now 

a# another, we mean that if when the first | usual either to write equations at full length, or to make an equation 

changes from 4 to B the second changes from a to b, then— ’ | of the variation theelf, which can: sfwnys be dane 8 raper eae 
11 units. Thus A« a, or A=ca, can always be made a=a, if such choice 

ArMitorpori:b:a, sults be OS ant By Gove on guint 4 eat 

make ¢=1. m e contrivin, A a@ shall 

The modes of denoting these laws of connection wscd to be, in English become unity . But this, Cwrevor ootrrontent fot ane aaa 
lation, is lik te a to produce confusion in the mind of the 

sa 2 learner, and ‘oes so in many instances, Ht ia obivlogs eertigh 

as er : 


a that of two different kinds of magnitude one may vary 


VARIATION OF THE COMPASS. 


VARIATION OF PARAMETERS, 658 


(a varies as the pressure cf 

ight). But it is just as obvious 

another, unless the two be of 
mechanics, 


with little or 
explanation about the units employed, states that the 


pa ecg Ben ar cae 1 
en 

it are 
an instance. When the writer above mentioned says that w= mg, he 


or ought to mean, that it is an ent between him and his 
that whatever mass may be 1, and whatever may be 


v8 
a 
Fa 


who used variations, needed no specifications of this kind, 
actual concretes themselves were the subjects of reasoning, 
the variation asserted was both of the concrete magnitudes 
hich they might adopt. The introduction 
easily made; and when variations 
A Sete ted 
itions on the mode of measurement. In dropping 

dos rng into that want of distinct 


gees 

He 
Hi 

: 


bear 
not vary as another, because it varies with that other. 
, but the square does not vary as its root : 
instance, root be doubled, the square is 
ru 


't is however most important to remember that when two quantities 
change together, in any manner whatsoever, the increment of the one 
varies Bey increment of the other very nearly, if both the increments 
be small, and the more nearly the smaller they are. Thus, if we know 
that when x has a certain a Og the addition of °01 to z gives an addi- 
tion of *001 to its logarithm, we may be sure that the addition of 
“O01 x h to x will give an addition of ‘001 x h to the logarithm, very nearly, 
as aa ‘01 x h is small. 

Vv. TION OF THE COMPASS. [Compass Cornxroctton ; 
Decimation; Macnet; Terrestria, Macneris.] 

VARIATION OF THE MOON. [Moox.] ra 
VARIATION OF apt tafalenicn A parameter was a name origi- 


ue to dist 


to outlive its own separate use; and su case 
word parameter. As this word is now generally abandoned, 
element is the most frequent substitute for it, and it would be desirable 
of variation of elements. 


parameters. 
into the deseri f it ha f 
a phrase iptive name of a method, 8 ane byt ih 


mathematics, 

A planet moves in 

change and become psig degen. 

planets were removed, and that of the sun only continued, ‘The easiest 

way of calculating the planetary motions is to consider the planet as 

thn Rea pse, while during the motion the elements which 
pwge me 


@ curve 
an elli 


are changing; so that the form and 
rece ine ipse vary. is done in such manner that 
ellipse of each moment is that which the planet would go on to 
ei in, if at oe nents the oe stern beh ae mt 
advantage in this case the elements very slowly, 
be before the disturbi atleialibiels se produce ica 
any curve might be taken. <A planet for instance 
to move in a parabola, which varies its dimensions 
mer to be determined, In Trocuoman Curves, 
curves are uced by a point moving in a circle with 
elements; that is, of variable centre, though given radius. .If 
to investigate trochoidal curves with loops and undu- 
{ magnitudes, the best way would be to consider 
manner, with a circle of variable radius also: 
variable, 
differential ealeulus the variation of elements is introduced 
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Hl ti 
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t | might not be solved by the 


thus :—If an algebraical expression containing some variables and some 
constant elements be proper to answer a certain purpose, it is not impos- 
sible that it may answer the same purpose when the constants are 
made variable, provided they be made to vary in a proper 
Now, if the e which is to be answered involve di " 
the infinity of the number of suppositions which may be made as to 
the variation of the (former) constants is equivalent to introducing an 
arbitrary function instead of each constant, to be determined by 
the conditions of the question, ‘T'wo species of cases have frequently 


1, When under certain circumstances a problem is solved by an 
expression containing certain constants, and the circumstances are then 
altered ; it is often convenient to inquire whether the altered problem 
same expression, on the supposition that 
the constants become variable. And the question then is, how the 
(former) constants are to be made to vary. 

2. Without any alteration of the circumstances, having a solution 
which contains constants, it may be asked how to substitute variables 
= + ning hae a atlas heey expression may still be a 
solution. 

In both cases it is obvious that so soon as the constants are made 
variable the differential co-efficients of all expressions into which they 
enter will receive an accession of terms above what they had before, 
These new terms, which we may describe as functions of ‘the variations 
of the elements, must, in the first case above noted, be so taken as to 
provide for the effect of the altered circumstances. But in the second 
case they must destroy one another's effects altogether, We shall 
take a few instances in which the variation of elements is successful or 
unsuccessful. 

1, The equation 7 +Py=0, P being a function of x, is solved by 


y = oes Pda 


© being a constant, Now alter the equation into y/ + Py=Q, and to meet 
the alteration, let ¢ become a function of 2 Ou this supposition 


y+ Py becomes 
— Cpe TS Pda + Ge Pie +. ope / Pilz 
But this ought to be q: therefore we must have 
CieSPis = 9, or 0=f (Qe PH) +8 
E being another constant. Here y/ + Ppy=Q is solved by 7 +Ppy=0 and 
subsequent variation pr paren bk 
Now try y’+y*°=0 and y’+y?=q in the same manner. The first is 


solved by y=(#+0)~" and if o be made variable, and y thus altered be 
introduced into the second, it is found, making z=. +, to require the 


solution of . 
27+Q2—1=0 


as difficult an equation as the origi In this case then 
al & eq original, we are 


manner, 


du du 1 
2, Let + dy ~* One solution of this is u= 5 a*+a(x—y) +d, 


pte Age beep ange To find a more general solution of this same 
equation let 6 be a function of a, a being a function of «andy, We 
have then 

du db\da 

mn ttet 2—-Y+ Jae 

du db\da 


dy 
and the equation will obviously still be satisfied if b and a be so 
related that 


ay” —a+( 2-y+7, 


db 
e—y t+ 7 =0 


-| Now as b is what function of @ we please, so also is Se. hence it 


follows that if b=qa, and z—y=—9’a, we may make a what function 
} Spay we please, Let a=(e-y) and let xv=fvWvdv. We have 


u=5et4 (e—y)V(2—y) +x(@—y) 


of which the last two terms merely amount to an arbitrary function of 
«“—y, so that the complete solution is 


1 
u=52*+o(@—-y) 
» —— function whatever. 

This subject has many developments. We have.introduced it here 
under the idea that some students of the differential calculus may be 
led to consider it at an earlier period of their reading than books will 
give it to them. 

It is to be remarked that this method does not merely-search for 
some solutions of a question; if the number of constants be sufficient, 
it goes direct to the most general solution. In our first example there 
is no function of z but what is capable of being represented by 
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oc? ; in our third there is no function of z and y but what is | 


capable of being represented even by $et+a(e— y) or 52+), and also 


by 5x+a(e—y) + with a relation between a and }b. Whatever 


function of x, or of z and y, will solve these equations, is sure to be 
found, if the method be successful. This point would need a little 


more dev it than we have here space to give, 
VARIATIONS, CALCULUS OF. The preceding words might 
seem fit to include every mode of dealing with the variations 


of value which algebraical quantities are made to receive; the differ- 
ential calculus, for example: but they have a technical which 
we to explain. When a quantity is subject to one sort of 
variation only, the consideration of that variation belongs to the simple 
differential calculus; but when it is subject to two or more distinct 
sorts of variation, su that of the differential calculus and another, 
then the mode of d with the second sort of variation is said to 
to the calculus of variations, In dynamics, for example 
(Virtua Vevocrrims], there are two distinct species of motion to 
consider : one which, at the end of the time ¢, the system is about to 
during the ensuing time dt, in uence of the velocities 
acquired by its particles ; and another which, without any considera- 
ition of the first, must be impressed upon it for the examination of the 
gonditions which the equivalence of the impressed and effective 
forces, Here then is a case for the calculus of variations. 
Suppose a curve AB, with which is connected another, ab, infinitely 
ase apap onge Eaagagl why fe on eae agen egypt 
point Pp being given on the first, a corresponding point p can 
Souedl sn tke sees if the cooniinelon of 5 e-teanl p, and Anson Ot 
Q (infinitely near to p) be x +dz and y+dy, and if we signify the co- 
ordinates of p by 2+ x and y + 3y, we have two distinct notations, one 
for the increments which the coordi receive in ing from point 
to point on the first curve, the other for those which they receive in 
passing from a point on the first curve to the corresponding point on 
the second. Hence, pr being dz,and pr what dx becomes after varia- 
tion, we have 5(dx)=pr-—rR which is obviously equal to gN—PM. 


LB 
t 
Y/ /) 

Pp’ 

a”, 

rat 

Ar 
ery eked Li 


But po is Zz, and Qn is what 3x becomes when x is changed into 
x+dzx, whence Qn—PM=d (5x); or dx=dbdx, and the same may be 
proved for y. We shall now recapitulate the results of the further 
application of this method: It is quite beyond our limits to attempt 
to prove them ; so that, referring to works on the differential calculus 
for further information, we shall content ourselves with some remarks 
on the loose manner in which this calculus is nearly always applied 
to questions of maxima and minima, and to a very few words on its 


1. Ti operations of differentiation and variation are interchangeable 
in order, as in 8da = dix, 8 / vdx =/ vd), &e. 
2. If y be a function of 2, and if y/, y”, &e., stand for successive 


differential coefficients of y with respect to x, the successive differential 
coefficients of by — y’ Bx are By — y"d.xr, by" —y'"Bxr, dy" — bx, &e. 
3. Let v be a function of x,y, y’, y", &c., and let /vdx taken from 
a=, to «=x, be required, and let y,, ¥/, , &., and y,, 9,91, 
&e., be the values of v,¥,y", &e., when ere and 4 Ay Ae 
moreover w = by —y'8x, which becomes w, and w, at the two limits. 
Let the differential coefficients of v with respect to 2, y, y’, y’, &c. 
wy made variable, be x, ¥,P, Q, &c., and let the complete 
differentiations of these with respect to x be denoted by accentuations, 
and their limiting values by subscript ciphers and units as before : 


then we shall have for 8 fvdx the following formula :— 
vy, br, — Vibxq 
+ (¥,— Q', + Bn", —&e.) w, — (Pp— 9’, + RB", — ke.) wy 
+ (Q, — 8’, + 8, — &e.) w, —(Q,— B' + 8%, — ke.) ow, 
+ (R, — 8’, + 7”, —&e.) w", — (Ro— 8’ + Ty — Ke.) o", 


eet 4.6. + o. eee 


. . . CD 0:00 


* 
+f" (v¥—r + Q" =n" + &e.) wz. 


The most usual application of the preceding formula, in its most 


general geometrical form, is as follows :—v being a given function of 
#, y, y’, &e., it is required to draw a curve such that / vdz shall be the 
le or the least ble, provided that at one limit of 


Such a case arises it is required to draw the shortest 
a flexible curvo 


given to slide given 
curves, e have pointed out (Differen' Calouhus, «Library ot 
Useful Knowledge,’ ch, xvi.) that the ordinary mode of 
questions is not sufficient, , and must in certain cases 
lead to positive error, We here to enforce this conclusion 
showing that even in more ordinary questions of maxima and 
Che ake Weak any eee to the same sort of false 


come 
. ay 
neighbouring value ; so that when a function is at its aagiowcim ty. 
allowable slight change must be one of diminution. For 
less, and for diminution increase, and we have the 
minimum. Now an ordinary question of maxima and minima 
follows :—¢x being a function of x, what are the real values of 2 which 
make ita maximum or minimum? There is a maximum when «=a, 
vided that  (a+h) and ¢ (a—h), when both are possible, are both 
less than ¢a: but if one of the two  (a+h) and ¢ (a—h) be impos- 
sible, there is a maximum if both values of the other be less than oa. 
Ta‘all thane cases 1s 4x: moppcenl ety tet Be 0s eS ee 
ow— 

1. When ¢ (a+) and ¢ (a—h) are both real, the theory ‘ 
in Maxmta AND Minmta is sufficient: there is a maximum 
when ¢'x changes from positive to negative in passing through ¢’a, and 
there is not a maximum in any case, 

2. When ¢ (a+h) is impossible, there is a maximum if both values 
of ¢’z be positive from w=a—h up to =a: when ¢ (a—h) is 
impossible, ey is a maximum if values of ‘x be negative from 
z=a to r=4a+ 

It is the neglect of the second case which has led to the 
in the calculus of variations which we shall presently mention, We 


3 


E 


Be 
Ee 


shall now pro a case as follows :—It is required to find the maxi- 
mum value of y in the equation 
y=(1—a)l+atag a. 


The form of the curve which has this equation is as in this diagram ; 
© being the origin and o a (= a Pp) being unity. 
Now it ought certainly to be said that apis the r 
gre. te of the eurve, but neither ix gs | 
equal to nothing, nor it change si n 
fact when «= 1, we have eral ganlé. The 
second criterion shows that ap is a maximum; the 


ough unquestionably 0) —__. ___ 
the greatest ordinate the curve can have, is not what A 


in which @ (# +A) and 
» and than 9. 


The word mazimum, even in 

we ask for should be granted, will 
not answer to greatest: for there may be several maxima and minima, 
and some of the minima may be greater than some of the maxima, 
which cannot be true of the words when translated. 


except when @ (« +h) and $ (@—h) are both ble: the disadvantage 
will be twofold. First, in e poblech of maxinia anid melaneneael 
in every problem which is redu to one of maxima and minima, we 


shall have to invent an additional term to signify, perhaps, the very- 


greatest or very least value of the function, in aj the 
Same limitation Savkhs taloulas of waristicig te aa freq be 


, | obliged to forego the solution of which we are in search, unless we 


look for the very case, as an answer to a problem of maxima and 
minima, to which we have previously refused to apply the term 
maximum or minimum, 


In order to make /vdr, as before described, a maximum, it is 


_| generally presumed that 3/vdx must=0, and that y must be found in 


terms of « from this condition, Now the truth is that /vdz, after the 
variation, becomes /vde + 8/vdx, and all that is absolutely 


necessary is that 3/vdx should be always negative, for all values of 
dx and 8y between the limits, and for all values which are con- 
sistent with the limiting conditions, at the limits. It is easily 
shown that this requires, as to the indefinite integral part, the follow- 


ing equation ;— 
oe YH + Q"— RN" +0006 = 0; 


——————— 
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and if we be resolved not to consider any points of the limiting 
curves, iam fers oa ero fe 5y,, 5y,, may be either positive 
or negative, as we please, then itis easily proved that the rest of the 
expression for 8/‘vdx must also vanish, and this limitation is generally 
made in works on the subject, by which means solutions are misstated 
and may even be lost sight of. Thus it is generally asserted that the 
shortest line between two curves is always a straight line which is per- 
pendicular to the tangents of both; and that a flexible chain, allowed 
to slide between two curves, with an extremity on each, is in equili- 
brium when it is in the form of a catenary perpendicular to the 
retaining curves at the points of suspension. On this we need only 


. “<) 


direct attention to the accompanying figure. The shortest line that 
can be drawn between the curves A P A and B QB is AB, which is r- 
pendicular to neither of the tangents ac, BD; and the flexible n 
4 £8 will hang from the cusps and 8 without the slightest tendency 
to become i to ac and 8 D at its extremities. 


f 
: 
s 
2 
E 

Fy 
ul 
: 
| 


- 
3&8 
reat 
: 
: 
: 


sith 
H 
32 
Pas 
Ez 
; 
E 
H 
a 

E 
B 


: 
i 
: 
i 
ri 


% problem, namely, to the 
curye of shortest descent between two given points, Lng rey by John 
Bernoulli, was quickly followed by others of the same 
James Bernoulli, in which the curve to be found was 


cols. 739-40, ject 
Euler, Simpson, Emerson, and 
gave the general equation which determines the nature of the function 
required, independently of the limits of integration ; and his ‘ Methodus 
inveniendi lineas oo il. 3 pg pag oa f 154 
published in 1744, being the last of his efforts on this subject whi 
was made before came into the field, is an epoch in its 
a ‘8 change in ing methods was the intro- 


u the subject the form which it has never since lost, at the same 
time that he ve it an extension which it cannot be said to have since 
greatly ed, Lagrange’s memoirs were contained in the first and 

volumes of the ‘ Miscellanea Taurinensia,’ published in 1760 and 
1773. The ‘ Mécanique Analytique’ of Lagrange iti 


fi 
tions was fully applied to problems of statics and dynamics, in the 
manner universally followed. A complete and most excellent 
history of the rise and progress of the branch of this calculus which 
treats of tmaxima and minima of undetermined integrals is con- 
tained in, and forms the substance of, Woodhouse’s ‘ Treatise on Tso- 
ical Problems,’ Cambridge, 1810. This work carries on the 
to the end of the last century, and is worthily succeeded by 
- Todhunter’s recently published ‘ History of the Calculus of Varia- 
’ Cambridge, 1861, 8vyo, which describes what has been done by 
of Lagrange down to the present time, Accordingly, 
of mathematics of which all the hi is 
calculus of variations. 


the successors 
now no branch 
itten as the The only complete 


and separate elementary work on the subject is Jellett’s ‘Calculus of | 
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first digest in a warm room in a quart of spirit, and 


gaudentes,’ | 


Variations,’ Dublin, 1850, an able, elaborate, and, the subject con- 
sidered, intelligible work. 

VARICELLA, or Varicella lymphatica, is the eruptive disease com- 
monly called chicken-pox, and which has been described by different 
writers under the names of chrystalli, variole, pusille, variole, spurie, 
&e. It is almost peculiar to infants and young children; and the 
eruption appears either without premonitory signs, or after two or 
three days of slight illness. The eruption commences on the shoulders, 
neck, and breast: on the scalp and back it is usually abundant, but 
the face is only slightly affected. It consists of vesicles, about as large 
as a split-pea, full of transparent fluid, and lenticular, conoid, or globular 
in their form. They are surrounded by a slight superficial redness, and 
successive crops of them appear for two or three days, the old vesicles 
shrivelling up as the new ones are formed. Most of the vesicles burst 
naturally, and the cuticle which covered them falls to the level of the 
surrounding skin ; but some shrink, the fluid within them becoming 
whey-like, or, if they be much irritated, purulent. After drying the 
form small scabs, which fall off in grains, and sometimes leave cena 
superficial scars. The whole course of the disease occupies about a 
week, and is not attended by any important constitutional disturbance, 
It therefore requires no particular treatment. 

The first writers on varicella considered it as only a mild form of 
variola, or small-pox, and the same view is aialutained by some modern 
authors, eapecially by Dr. Thomson of Edinbureh. “ke ie bese 
more probable that chicken-pox and small-pox are essentially different, 
on these grounds: 1, They sometimes prevail in distinct epidemics, 
no case of genuine small-pox occurring among many of chicken-pox. 
2. The characters of the chicken-pox eruption are altogether different 
from those of small-pox, even in its mildest and most modified form. 
8, Chicken-pox is not inoculable, though the mildest small-pox is. 
4. Chicken-pox is altogether unaffected by previous vaccination, and 
does not prevent the action of vaccine matter. 

VARICOSE VEINS. [Veuvs, Diszases or THE, ] 

VARIOLA. if MALL Pox.] 

VARIOLARIN. A substance extracted from lichens, It is sup- 
posed to be identical with Lecanorro Acip, 

VARIX. [Venrys, Diseases oF THE.] 

VARNISH, a fluid applied to the surfaces of various articles, as 
wood, &c., and which, the evaporation or chemical change of a 
a eae upon them a shining coating, impervious to air and to 
moisture. 


Varnishes may be divided into three classes : alcoholic or spirit var- 
nishes, volatile-oil varnishes, and fixed-oil varnishes. 
ae es or alcoholic varnishes are in general prepared very readily, are 

ily applied, soon become dry, and emit no disagreeable smell : they 
are, howeyer, liable to crack or scale off, and are incapable of resisting 
friction or blows. One kind is made as ‘follows :—Mastic 6 ounces, 
sandarac 3 ounces, reduced to fine powder, and 4 ounces of coarsely- 

wdered glass ; digest in a quart of spirit of wine, contained in a 
Daniecsicte vessel, for three days in a warm room, shaking the mix- 
ture frequently ; then add 8 ounces of melted Venice turpentine to 
the warm solution, stirring thoroughly till mixed; let the mixture 
remain in a warm room for about a week, and then strain it. This is 
a strong varnish b famed to chairs and other articles of furniture, 
Another consists of copal, which has been liquefied and afterwards 
very finely powdered, 3 ounces, mastic 2 ounces, and elemi 1 ounce ; 
when the solution is 
com) add 2 ounces of Venice turpentine. This is stated to form a 
ps gomedicy for violins and other musical instruments. For different 
pu the ingredients of spirit-varnishes are considerably varied ; 
etion benzoin, anime, frankincense, entering into the composition, 
according to the use to be made of them. 

The only essential or volatile oil largely used in varnishes is oil, or, as 
it is commonly called, spirit of turpentine; and one of the best var- 
nishes into the composition of which it enters is copal varnish, (Copan 
VarnisH.J This is chiefly used for pictures. Another powerful var- 
nish is by adding to highly-rectified oil of turpentine about 
an eighth of its weight of caoutchouc ; this, indeed, is the varnish now 


ped | generally employed in waterproofing the garments well known by the 


name of Mackintoshes ; sometimes gas-oil, or coal-naphtha, is employed 


for the same purpose, but its smell is more disagreeable, and longer in 
going off, preparation of this varnish does not require the appli- 
cation of heat. 


In fat or fixed-oil varnishes, the solvent undergoes a chemical change, 
and dries with the substance dissolved : these are sometimes termed 
coe varnishes, A feeree mention two riers ned oper got 
this is prepared by mixing 4 ounces of co » Which has been lique' 
and finely powdered, with oil of turpentine and drying linseed-oil, of 
each 10 ounces ; digest in a gentle heat till the whole is dissolved 3 strain 
it after ing a few days. This forms a solid and nearly colourless 
glazing, and dries easily at common temperatures. The black varnish 
used by coachmakers is thus pre’ : take of amber 16 ounces, melt 
it, and add to it half a pint of drying linseed-oil boiling-hot, 3 ounces 
each re alt and rosin, both in fine powder; oe Bevis pre 
together till they are thoroughly melted and incorporated, e 
mixture a pint of warm oil of ctpadtine : this varnish is intended to 

to a very hard consistence, 
r. Cattell, in 1860, proposed to manufacture varnish by dissolving 
oo 
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gums in two kinds of liquids, ethylated and methylated. Tho gums | In 


are of the usual kinds; but the varnishes are grouped in one or other 
of two classes, according to the class of solvent employed, Alcvhol, 
wood spirit, methylated spirit, peat oil, shale oil, le, and coal 
naphtha, are among the solvents named. Various proportions are 
named between the ingredients, according to the kind of varnish 
intended to be produced, We may here mention that Mr. Cooley 
describes no less than sixty-four kinds of varnish, of which the chief 
are placed under the headings of amber, balloon, black, body, bodk- 
binders’, carriage, Chinese, copal, crystal, drying, Dutch, etching, 
flexible, furniture, es, hair, india-rubber, Italian, Japan, 
lac, mahogany, mastic, oil, leather, picture, printers’, spirit, toy, 
transfer, turpentine, and wax varnish, 

Two special kinds of varnish are connected with the processes of 
French polishing and lacquering. 

French polishing depends on the use of a varnish which, from the 
ingredients in its composition, admits of rubbed until great 
smoothness and gloss are uced. The best French polish is made 
of pale shellac and ified spirits of wine; in the next best quality, 
wood-naphtha is substituted for the spirits of wine, Sometimes mas- 
tic, gum elemi, or gum sandarac are used instead of shellac; and a 
little linseed-oil or copal is mixed with the spirit. When intended to 
modify the colour of the wood to which the French polish is to be 
applied, small proportions of other ingredients are added, such as 
dragon's blood, alkanet root, red sandalwood, turmeric, gamboge, &e, 
French polish is never required to be so limpid as other varnishes, 
When an article of wood is to be French polished, the surface is 
brought to a very smooth and clean state, A rubber,is made by rolling 
up a strip of thick woollen cloth, and using the soft elastic edge of the 
coil, The rubber, being wetted with the French polish, is inclosed in 
a doubled cloth of soft linen, the outer surface of which is slightly 
touched with a drop of raw linseed-oil, and the workman rubs it steadily 
over the wood, until the rubber and linen become nearly dry, He 
supplies a second time, and again a third, and perhaps a io’ time, 
ru bing the wood steadily until each portion of polish is worked in. 
Very little of the composition is actually laid on; the effect being 
due rather to skilful manipulation than to a thick layer of glossy 


material. 
differs from ordinary varnish and from French polish in 
being applied either to metal or to hard wood; in other respects 
lacquers may be regarded as spirit-varnishes. One kind of hard wood 
lacquer is made in the proportion of 2 lbs. of shellac to 1 gallon of 
spirit of wine; and another, in that of 1 lb. of seed lac and 1 lb, of 
white resin to 1 gallon of spirit of wine, Among many kinds of lacquer 
for metal, one consists of 1 1b. of the best pale shellac to 2 gallons of 
spirit of wine, Hard wood lacquer is mostly used for turned work; 
it is applied on a wad or rag while the turned article is rotating, with 
a few drops of linseed-oil to enable it to work smoothly, For flat wood- 
work, lacquer is applied much in the same way as ordinary spirit- 
varnish, with camel-hair brushes. Lacquer for metals differs somewhat 
in its composition from that for wood, The metal, when about to be 
lacquered, is cleaned from all grease and oil, then heated to about 
200° Fahr., at a lacquering stove, or on a plate heated by gas, or over,a 
charcoal fire, or on a red-hot piece of iron, or on a vessel of boiling 
water or steam; this heating is necessary to enable the lacquer to 
attach itself firmly to the metal, and to make the spirit evaporate 
quickly. The lacquer, which is sometimes coloured to give it a rich 
tint, is coeee with a brush. ‘ 
VARNISH-TREES, This name has been applied to several trees 
which exude liquid resins aren | or from incisions, These become 
dry in the air, and are employed for preserving various articles from 
the influence of the air, water, or insects, as well as. for giving them 
| dey brilliancy, and also for varnishing pictures. Most of them are 
ound in India, Burma, and China, Some of these exude an acrid 
resinous juice, which on drying becomes black, and is used as a varnish, 
as that of the Anacardium occidentale, or cashew-nut tree. The mark- 
‘nut, or Semecarjua anacardium, has its outer coat covered with 
# filled with a similar black, oily-looking, acrid juice, which is much 
used as a marking-ink, Avgia sinensis of Loureiro is said to produce 
the genuine Chinese varnish with which the different fancy articles are 
lacquered, and which is black when simply dried, but becomes coloured 
by the admixture of different pigments. The Japan varnish of Kam 
fer and Thunberg is Rhus verniz, and that of the Malayan jeden 
Seas vernicifua, Dr. Buchanan informs us that the juice of 
tif igarna longifolia is used in Malabar for varnishing shields. The 
gee oe pansy wd iy me pron Bg apd MeLanornuda, in 
at. Hist. Dry, ve iquid varnish is also yielded by Vateria 
wndica and V. lentonfotie. Me 4 
VASES, derived from the Latin vae, analogous to the German Sass, 
a word in its widest sense comprising all vessels intended to contain 
fluida or other substances, and made of various materials, In ancient 
Feed ge is applied to all ancient vessels, but in modern it is 
limited to those for ornament, The shapes of vases are various, 
saucer to that called vase or urn in the narrower sense 
Those of ancient nations are distinguished by their 
form, and material, and may be classed into vases destined to 
and preserve fluids or other aaiobania, comprising craters, jars, and 
bowls; jugs and cruets for pouring out liquids, and cups for drinki ig 


t, from the scenes represented in the tat ee 
elegant vases of the precious metals inlaid with lapis- or 
enamel, aud chased with figures of animals or flowers, seem to have 
been manufactured; and also by the neighbouring nations of Asia, 
subdued by the arms of Egypt. Of similar forms were veasels of 
Serpentine basalt and 


ovlour, and opaque glass, were used for vases 


forms of Egyptian vases are simple, the prevalent being the oval and 
expanding lotus shape; the decorations are plain and the ornaments 
yrian yases resemble in their form the Egyptian, but 


few. The Ass 
are sometimes ornamented with relief subjects, There are no vases of 


the other oriental races of antiquity, and although Sidon, in the days: 


of Homer, was famous for its silver vases, no specimens have survived 
time or destruction. Alabaster yases are, however, known to have 
been used by the Assyrians and Persians, and have also been found 
in the early sepulchres of Greece and Etruria. Several remarkable 
vases of alabaster exist, inscribed with the names of Persian monarchs 
in hieroglyphic and cuneiform writing. In Asia, vases were often 


made of precious stones, as agate and onyx, and one of the kings of 
Pontus, Mithridates VI., had a collection of 2000. The anthrax, or 


carbuncle, and chrysoprase, and especially crystal, were often ised for 
vases of small dimensions. Besides he haar vases of marblo, 
cipally urns, amphora, cups, lavers, and labra of large size, and 
with reliefs, were in use du 
Roman empire. In the best days of the Athenian commonwealth 
large lecythi of Pentelic marble, frequently embellished with % 
reliefs, were placed on the graves of the dead, 

One of the most remarkable classes of ancient vases was the 
myrrhea, myrrh 


Parthia and Carmania, and it was dug out of the earth like rock 


crystal, or, according to popular report, baked in Parthian and 
is often mentioned in connection with glass, as if some vari that 
material [Schol. ad Lucan; and Oudendorp, t. i. p. 292; vol. ii. v. 


e most 


fumed with myrrh, but this was probably owing to 
of the vases. The material did not admit of the making of vessels of 
large size, it rarely being found larger than small plinths, abaci, or 
thicker than goblets, Pompey indeed dedicated to the Capitoline 
Jupiter small jugs, capides, and cups of this substance, which soon after 
became fashionable and the most precious of all materials, costly cu 
of it being used by the wealthy, out of which drank the pe : 
Falernian wine (Martial , xiv. 113), The value of cups of large size 
was immense ; one of kare | of 8 sextarii, or 44 pints, being sold 
d., and a fragment, in the days of Nero 


opaque glass, with blue, yellow, white, and purple bands, was manu- 
factured in later times at Alexandria (‘ Thiersch ueber dio Vasa Myrre 
hina,’ Bayer, Akad, Wissensch., t. i. 4to. 1856, 35, p. 443), ‘ 

Vases of glass of small dimensions were in very early use : amonget 
the Egyptians small amphorw and jugs, and toilet phials of opaqua 
glass, dated, as early as B.C. 1450, in the reign of "Thothmes IIL ; while 
the earliest known dated specimen of transparent glass is a small dicta 
found at Nimroud, bearing the name of Sargina, 8.0, 711. Various 
vases, cups, phiale, and jugs, were in extensive use amongst the Greeks 
and Romans; and in the middle period of the Empire, Alexandria and 
Sidon supplied Rome with vases, especially the makers Irenwus 
and Artas of Sidon. To age are to be referred the celebrated 
Portland and Auldjo vases in the British Museum, made of pam 
deep blue glass, with friezes and arabeaques of opaque white, exq itely 
polished, produced by cutting down the upper strata of white glass in 
the manner of —— About oa Brd fo relic, AD., and later, re- 
markable glass cups with undercut letters in relief, or paterm engraven 
with subjects, bg one ww rea rare To rest and an earlier 
period belo vases 0 re glass, chiefl Horm 
Ata later ge gl vessels were ornamented with gilded subjects at 
the bottom, enclosed by two layers of glass. Glass vases of a remark. 


the latter days of Greece and the 
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able size and fabric, principally deep cups, are found in the Saxon 
graves, ornamented with undercut projections at the sides, a rude 
imitation of the more artistic diatreta, ‘ 

In Greece, from the earliest ages, gold and silver vases were used for 
sacrificial and other p' and they abounded amongst the Hellenic 
and other races of Asia Minor, the most renowned in early times being 
those dedicated by Croesus at Delphi, some the works of the Samian 
Theodorus. After the conquest of Alexander immense numbers of 
toreutic works, some inlaid with gems, were common all over Greece ; 
and in two remarkable festivals, one of Ptolemy Philadelphus at 
Alexandria, the other of Antiochus Epiphanes at Antiéch, were ex- 
hibited immense numbers of these vases; and great services of plate 
were by the Greco-Asiatic monarchs, which subsequently 
became the booty of the Romans, and were exhibited in their triumphs, 
or plundered by their officers, The most celebrated metal vases were 
those of us, Mys, and Mentor, A few gold vases exist in the 
museums of Europe, the most remarkable being the ancient Greek 
phiale from Agrigentum, in the British Museum; and that of the age 
of Severus, discovered at Rennes, in Bre , now in the Bibliothéque 
Impériale of Paris, and the gold vases at Vienna. Silver vases are less 
rare, and were more often chased by ancient artists, and many specimens 
of ancient plate, some found in Britain, are preserved in the different 
museums of Europe, Silver vases were often used for sacred purposes, 
Bronze vases are still more common and of larger dimensions, and are 
generally thin and hammered out in repoussé work, or else ornamented 
with elegant cast reliefs, emblemata; or detached ornaments, crustee. 
Etruria and Magna Grecia were celebrated for bronze vases, and highly 
ornamented specimens from the sepulchres of Greece and Italy are in 
the principal museums of Europe. They are principally craters, pails 
for holding wine ; cinochoai, jugs for pouring it out ; cyathi, for strain- 
ing it; and phialai, saucers; arytainai, ladles; and kylices, cups; ary- 
ball, oil cruets; Jlebetes, pots for boiling; podaniptra, foot-baths, 
Bronze vases, called echea, were also used for sounding-boards in the 
theatres. Etruria was celebrated for its bronze lamps and candelabra ; 
and Pompeii was full of bronze vessels, Considerable taste was shown 
by the ancients in their bronze vessels, the lips being often decorated 


magnificent lebes from Capua, in the British Museum, has, 
in addition to the figures in full relief on the mouth, an incised frieze 
round the body, representing some of the labours of Hercules, These 
ornaments were often either modelled by artists of merit, or copied 
from celebrated works of art. In the 4th and 5th centuries, damas- 
cened Roman vases were made; enamelled about the same time. The 
temples of Greece abounded with presents of these vases, along with 
tripods, statues, and other objects of bronze, Leaden vases were used 
by the ancients to hold unguents, perfumes, and collyriums. 

The most numerous and remarkable ancient vases are those of baked 
in recent years all over Greece, Italy and its isles, the 
coast of Africa, and the Crimea, in fact throughout the settle- 
Some of them appear to have held the ashes of the 
taade for use or ornament. These vases are painted 
with a brown or black silicated glaze, and touched up in parts with 
They were either made on the wheel or 

the subject or ornamentation traced out with a 
pointed instrument, the b! or brown colour, which is a silicated 
glaze, filled in with a reed pencil, and the muscles and other details 
ee ae et ne user $0, the ground. of the slay with s 
sharp knife, ir paste varies from a pale straw to a dark red, and is 
very soft, light, and porous. The vases appear to have been carefully 
dried, painted, and baked in close furnaces; the colours used in the 
decoration being all minerals,—black oxide of manganese and iron being 
used for the black; oxides of iron, copper, and pipeclay for the other 
colours. The glaze is a fine silicate of soda, perhaps produced by salt. 
The style, shape, and ornaments of these vases vary in the different 
localities where they are found, The, earliest of large shape, chiefly 
juga, amphorew, and lekane, found on the most ancient sites of Asia 
Minor, a3 at Mount Sipylus and the so-called treasury of Atreus at 
Mycenm, are ornamented with friezes, mmanders, zigzags, and such 
simple ornaments, with animal forms of small proportions introduced 
as friezes, or metopes. These vases of the heroic period of Greece, 
coaza Be the 8th or 9th century B.c., were succeeded “4 another 
class, which has been extensively found at Athens, Corinth, Italy, and 
the Isles, distinguished by friezes of animals of larger size, of black or 
brown colour, with incised lines upon a pale straw-coloured ground, still 
accompanied by ornaments, and the area of the friezes are of animals, 
some with flowers. A few vases of this style have human figures, 
combats, and myths, derived from Homeric poems, with inscriptions 
as old or older than the 5th century 3.0., their art resembling the 
oldest sculpture of Selinus and Algina. By degrees the vase art 
improved, the introducing a slightly warm tone into their clay, 
abandoning the excessive use of ornament and the flowers in the field, 
and giving more importance to the human figures, although still 
retaining friezes of animals. ‘The principal shapes of these vases are 
the pelike, vinochoai, and alabastros, From the shape of the inscribed 


| letters found upon them, and their art, these vases appear to be as old 


as the 5th century B.c, The great improvement in style consisted in 
introducing a warmer tint into the paste of the clay, which became of 
a liges bright red, while the colour of the figures became of a jet 
black, with the same details as those of the previous classes, and 
occasional use of white accessories. The vases of the so-called old 
style are distinguished by their superior art and size, and the interesting 
mythological subjects with which they are painted, and are often of 
large size. Hydriw, water vases with three handles, amphora, two 
handled jars, oinochoai wine jugs, lecythi, oil cruets, erateres, bowls for 
holding wine, cylices, flat shallow cups, and cyathi, cups, occur in this 
style. The eyes of the figures are painted oblique, the hands and feet 
long, the forms muscular, the attitudes rigid. The subjects are prin- 
cipally derived from the myth of Bacchus, the Gigantomachia, the 
Amazonomachia, and the war of Troy. The figures are sometimes 
explained by accompanying inscriptions, Besides the names of figures, 
the names of beautiful youths and females, and of the artists who 
painted and the potters who made the vases, are painted on them, 
while memoranda relative to. the proprietors of the vases are often 
found incised on the foot, 

The style with black figures seems to have flourished till the 
4th century Bc. The prize vases given in the Panathenwa having 
on one side a Pallas Athene and on the other the different games, and 
inseribed “ Prizes from Athens,” were of the hard black style, which 
was conventionally retained till the time of Alexander the Great, the 
yases being then inscribed with the names of the Athenian archons, 
But this style of painting was by no means keeping pace with the 
development of art, and the vase painters towards the close of the 4th 
century B.0., or even earlier, changed the colour of the figures to a 
bright orange red, and painted the background entirely black. The 
inner muscles of the fi were indicated by fine lines of a light brown, 
the coarser ones by black colour, and the principal accessories were 
in blue and white. The style considerably improved, butstill remained 
“severe,” by which it is known; the principal shapes were amphore, 
oinochoas, cylices, especially the last ; inscriptions continued to be used ; 
the names of artists are uently seen. Henceforth the transitions 
are no longer those of colour, but of art and drawing. The eyes of 
figures half a century later are not represented oblique but full eye- 
lashes appear, the limbs are broader, the faces grander, and the 
influence of the school of Zeuxis in painting begins to show itself; the 
vases are principally kalpides, amphore, thi, aryballos, and large 
craters, often with columnar handles, The subjects represented 
contain, in addition to those of the preceding classes, many of the 
exploits of Perseus and Theseus, and others derived from tlie 


dians, especially the Oresteid, But this style, about the time of 
Alexander, or B,0, 330, to decline, and in the of Pyrrhus 
had passed into the florid style, distinguished by iderable artistic 


differences. The figures are taller and more elegant in their propor- 
tions, their hair curiously fine, and the details minute and numerous, 
the backgrounds being charged with arabesque and floral ornament. 
The shapes of the yases too are distinguished by narrow necks, thicker 
bodies, and taller handles: large craters, amphore, and calpides are 
common, Perspective ap in the drawing; gilding is common 
amongst the accessories. The inscriptions are sometimes incised, but 
the vases are often without them. Contemporaneous with these vases 
were the polychromatic, chiefly /ecythi, made for sepulchral purposes, 
although oinochoat and cylices occur, They all have a leucoma, or 
coating of fine stucco, on which the artist drew the subject in red 
outline, and subsequently filled in the draperies with opaque colour, or 
else finely traced the subject in a siennic or bistre-coloured outline, 
The subjects are —. from the Oresteid or other sepulchral sources, 
There are few inscriptions on any of these vases. Towards 200 years 
B,0. the art was rapidly declining, and the florid gave way for one far 
inferior in merit, the ing often coarsely drawn, an: ous 
in their character, and overladen with white colour, while the subjects 
are derived from the Bacchanalia, the low comedy and buffooneries 
of the Athenian stage, On the last vases of this style the drawing 
degenerates into a scrawl, and these were succeeded by ornaments in 
opaque white upon a red ground, and these by others with moulded 
ornaments. The inscriptions on vases are in different dialects, often 
incorrect, while the number of inscribed vases is much less than those 


| Without. From some memoranda inscribed by the potters upon the 


vases the prices paid for vases of inferior kinds are known. A cylizx, 
or flat painted cup, cost a drachma, which at the different value of 
money in ancient times amounted to about 38.; a crater 4 oboli, or 2s. ; 
a lecythus 1 obolos, or 6d. ; a small pot 4 an obolos, or 3d. ; and a saucer 
} obolos, or 2d, Ibis curious to contrast this with the sums paid for 
yaluable ancient vases in modern times. The Durand collection alone, 
principally vases, realised 12,5241, ; in 1836 a vase, with the subject of 


the death of Orestes, sold for 264/.; and other important vases for as 


much as 280/., 240/., and 1701, each. Yet, these sums are far inferior 


to those paid for remarkable vases by the Naples Museum, a vase with 
the last night of Troy having been acquired for 1000/., and the same 
sum was paid by the late Mr. Edwards fora large vase, now in England. 
The characteristics of Etruscan and Roman vases have been already 
mentioned. [Porrrry.] 

One of the most difficult portions of the history of vases has been 
their nomenclature, obscured by the difficulty amongst the ancients 
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themselves of describing or defining vases, and the various names in 
use at different —_— = names of — — been classed under 
their employment, as the pithos, stamnos, bikos, hyrche, lagynos, pytine, 
askos, cine oros, amphoreus, kados, hydria, kalpis, krossos, for contain- 
ing liquor; the kothon and rhyton, bessa, bombylios, for wine ; the 
lecythus, olpe, alabastros, for oil; the crater, paycter, and dinos, for 
mixing wine; the /ebes, chytra, thermanter, for warming liquids; the 
chous, oinochoe, proch » i hysis, for pouring out wine; the i 
aryballos, cotyle, and cyathos, for drawing ; the louterion, asaminthos, 
pyelos, scaphe, lecane, podanipter, holkaion, perirrhanterion, ardanion, 
or 3 the depas, aleison, kissybion, kypellon, cymbion, b 
carchesion, cylix, therikleios, phiale, acatos, keras, for drinking ; 
and the canoun, discos, pinac, paropsis, tryblion, oxybaphon, and oxis, for 
holding food. A few ancient vases have been identified with their 
names, but many still remain obscure. The names of the Roman 
vases, with some exceptions, are equally difficult to determine. The 
dishes for the table were the patina and patella, the catellum and the 
lanx ; pots for cooking, the olla and cacabus ; and drinking vessels, the 
calix, patera, ciborium, scutella, and concha ; the oil jugs, the ampulla, 
guttus, guttulus, gutturinum, and concha ; while for mixing and pouring 
out wine, the amphora, , cadus; and for keeping it in the 
cellars, the huge dolia or vats were in constant use. The capis, capedo, 
impulum, and simpuvium were sacred vessels, and often of earthen- 
ware. The Roman indeed often use the Greek names of vases, 
but these were apparently borrowed from the poets of Greece, whose 
effusions they imitated. The Roman vases are of metals and earthen- 
ware [Porrery], lead, pewter, and box-wood, 

Amongst oriental nations the vases of China are most remarkable 
for their antiquity, size, and beauty; the principal shapes of the 
metallic vases are wine-jugs, ‘swn ; cups, e; pails, yew; teapots, hoo ; 
incense vases, tung ; and tripods, ting. Some of the metallic vases are 
of great antiquity, as old as the Emperor Chingtang, of the Shang 
dynasty, B.c, 1743, and engraved with characters of a hieroglyphic 
nature. Some were given as hon rewards, those offered to the 
emperor being made of gold, while the nobility received vessels of fine 
copper, and literati iron. Others were used for ancestral worship, 
or for holding sticks of incense in the Buddhist and other temples. 
At an early period hono vases were buried with the dead, but 
about B.c. 200, Che-hwang-te, of the Tsin fue the graves 
of ancient sages, and many ancient vases were discovered. The vases 
with three feet are eae to allude to the stars presiding over the 
prince, mandarin, and people. Those with four, to those stars pre- 
siding over the four civil officers, The device of the eyes of a tiger 
is supposed to warn against drunkenness or gluttony; the meander, or 
‘thunder pattern,’ to agriculture ; the characters cow, new ; sheep, yang ; 
hog, she ; to agricultural merit. The inscriptions, generally in ancient 

characters, are the names of the person, the vessel, the date, the 
object for which it was given, and other details. Many of the Chinese 
vases of later periods are beautifully enamelled in various colours, and 
of great value: others are elegantly damascened with gold and silver 
patterns. The vases dated in the years of Seuentth, a.p. 1426-36, are 
said to be made of a mixed metal of gold, silver, and brass, acci- 
dentally produced at the burning of the . Those of porcelain 
have been already described. . ‘OTTERY.] Other vases are made of 
jade, soapstone, and the horn of the rhinoceros, which was supposed 
to be an antidote against poison. 

In Europe, during the middle ages, vases of rock continued 
to be made till the capture of Constantinople by the Turks in the 15th 
century, when the art was transferred to Western Europe ; and rock 
crystal, heliotrope, and jasper were used by Italian artists for this pur- 
pose till the 17th. century, when the art was abandoned, although 
subsequently revived in 18th century. The goldsmiths indeed, 
from the 12th century, had introduced vases ornamented with damas- 
cene and niello work, and many elegant examples were made jn Italy, 
especially by Cellini. As early as the 12th century glass vases of 
filagree work, made by a peculiar process, were produced at Venice, and 
the manufacture was only abandoned in the 18th, Many of these were 
of fantastic shapes. German vases, of cylindrical shape, with enamelled 
paintings a armorial bearings and other devices, were invented at a 
Teter peri 


The Arabian vases of the middle ages are chiefly of metallic or 
glazed ware. [Porreny.] The first kind consists chiefly of ewers and 
for washing the hands, and are generally of atten, a mixture of 
copper and tin, chased or stamped, and embellished with knobs, 
arabeaques, mosaic and damask work slightly tooled out, nr pe or 
chased out, the ground lowered and pricked or pounced, and the silver 
pressed upon it, Many were made at Mossoul, in Mesopotamia, as early 
as the 12th century. 
In modern arts vases still continue to play a part, although not so 
ee t 3 a asthe cr ypem —_ Russia is probably the 
cor w costliest. specimens are uced, in 
jasper, malachite, quartz, and other hard rocks, aeny oe stones 
found at Orsk, in Orenburg, in Siberia, the sites of the manufactures 
being placed at Perm and Tomsk, The island of Malta also produces 
stnall vases in hard stone, carved in the style of the renaissance; and 
Tuscany is remarkable for its vases of the pure white alabaster of 
Volterra, very elaborately and tastefully carved, for the purposes 
of decoration. Lngland, France, and Austria also produco elegant 


vases of cut and coloured glass, the successors of the old filagree glasé 

vases Venetians ; and the European nations fabricate ornamental 

vases in all metals for eg —— or decorations, each in their 

cern jpthsceds! re te, ¢ invention of electro and the 

a luxury have given a new stimulus to this branch of the 
arts, 


(Birch, History of Ancient Pottery, 8vo, Lond. 1858 ; Thoms, Disser- 
tation on Ancient Chinese Vases, 8vo, Lond. 1851; Labarte, JUustrated 
Handbook of the Arts of the Middle Ages, 8vo, Lond, 1858; Kramer, 
Ueber den Herkunft Griech, bemahlt, Vas., 8vo, Breslau, 1846 ; Krause, 
Angeiologie, Halle, 1854.) 

VAUDEVILLE dest or vo, la a pha amcog.margnan 

, or d-vau, is a among na’ 
implying the reverse of amont, Avau de U'cau is used adverbially to 
express drifting down a stream :—* Personne ne ramoit, nous nous 
laissions aller i-vau de l'eau.” Vaudeville appears yc sprey” Med have 
been applied to designate any song or ballad borne along on the current 
of town gossip or popularity—d-vau de ville. It has customary 
among etpmologiat to maintain that the word was originally rau-de- 
vire, from the valley of Vire in Normandy, ‘ where gay and malicious 
0) 
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were composed centuries ago, which had great currency.” No 


evi aie Ses over beue ai loge ee ene ee ee e kind 
of rhymes originally designated by word vaudeville are quite as 
likely to have originated in populous towns and their fomsiping crowds, 
asin a Norman valley. ‘“ Vaudeville,” we read in ‘ Dictionnaire 
de l’'Académie,’ “ signifies a popular song, the air of which is easily 
sung, and the words composed upon some story of the day.” From 
songs the term was extended to pamphlets and theatrical pieces founded 


on ephemeral gossip. At present the theatrical of the 
name has superseded the others, Theatrically ing, a vaudeville 
is a short drama, the dialogues of which are interspersed with short 


songs set to popular airs. The principal charm of the vaudeville con- 
sists in its covert allusions, its delicate raillery on the leading characters 
and events of thetime. The plot ought to be simple—rather sketched 
or indicated, than developed—and the characters presented in the same 
slight manner. The interest ought never to be sufficiently serious to 
divert attention from the in of playful sarcasm and simple 
melodies which all can appreciate. The vaudeville charms by its 
brilliant and easy dialogue, its snatches of er impromptu 
music and song, and its least possible spice of malice: any attempt to 
give a show of reality to the story as cf ‘the’ dexane 
render the elegant trifle ponderous stupid. Hitherto French 
authors alone (with perhaps the exception of Gothe) have succeeded in 


composing, and French actors in representing, these charming nothings: 
the graceful levity of the vaudeville can scarcely ever bear translation 
into the more sinewy of Europe. Among all French authors 


of vaudeville, the palm is undoubtedly due to the late M. Scribe of the 
thousand dramas. 

VAUDOIS (Waldenses, or Valdenses; in Latin Vallesi ; Valdési in 
Italian; Vaudés in their own dialect), a remarkable people, who form 
a communion separate from the Church of Rome, and who live in three 
high valleys of Piedmont, on the eastern or Italian side of the Cottian 
Alps, between Mount Viso and the Col de Sestrieres, in the province 
of Pignerol. The valleys are—1, that of Lucerna, through w flows 
the Pelice, an alpine torrent which rises in the Col de la Croix, near 
Mount Viso, and esa eastward, falls into the river Clusone; 2, 
Valley of Perosa, through which passes the Clusone, which rises in the 
Col de Sestrieres, flows in a south-east direction by Fenestrelle, Perosa, 
and near Pignerol, and, after receiving the Pelice, joins the Po a few 
miles further down; 8, Valley of San ‘Martin 0, which branches out of 
the valley of the Clusone, along the course of a torrent called German- 
asca, which rises in the Col d’Aliries, The Vaudois are distributed in 
thirteen ishes, each having its pastor, called barbe in their dia- 
lect. One of the pastors bears the title of moderator, being superior 
in authority to the rest. In former times, when the Vaudois commu- 
nion was much more extended than it is ntw, they had bishops, who 
are mentioned in several old documents. In every parish there is a 
Vaudois church and a school, besides a church for the Roman Catholic 

pulation, The Vaudois clergy are allowed to marry. They take no 
fevs for burials, tisms, or marriages, The Liturgy now in use is 
that of Geneva, in the French language: formerly they made use of a 
Liturgy in Italian, The spoken dialect of the people resembles the 
other dialects of Piedmont, The origin of the name Valdenses, or 
Valdesi, is found in the word vallis, and means inhabitants of the 
valleys. Its derivation from Peter Waldo, or Valdo, of Lyon, a mer- 
chant of the 12th century, who was a religious reformer, caused por- 
tions of the Bible to be translated into French, and was the founder of 
the sect called the Poor Men of Lyon, is now abandoned. Waldo, 
being condemned by the archbishop of that city, a.p. 1172, and after- 
wards by Pope Alexander IIL, emigrated to Germany, and is said to 
have died in Bohemia. The Vaudois of Piedmont however existed as 
a religious community long before Waldo, whom Beza even suspects of 
having derived his , if not his name, from them, From him, 
however, the separatists from Rome in the south of France have been 
called Waldenses, and this has caused them to be confounded with the 
Vaudois, or Vaudés, of the Alps, although the doctrines and discipline 
of some of the former were not always in accordance with those of the 


Vaudois, The real Vaudois remained in the valleys east and west of 


— 


_ at Leyden, ‘ Histoire Générale 
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the Cottian Alps. The Albigenses properly so called were quite distinct 

from the Vaudois. [ALBIGENSES.] : : 
This little cee nye cape for having kept itself from time 

immemorial separate the Church of Rome, in ages when that 


church is considered as having been the only existing church 
in the West, and for being the only Italian church which continues to 
this day from Rome. We have memorials of the doctrines of 
the Vi written in the early part of the 12th century: their 


tenets were then such as they are now. The ‘ Nobla Leygon’ is a sort 
of abridgment of the history and doctrine.of the Old and New Testa- 
It speaks of the mission of the Apostles and of the primitive 
church, and of certain practices that were introduced afterwards in its 
of simony, the institution of masses and prayers for the dead, 


enses, bearing date 
the Apostles’ Creed and the canonical books 
‘estaments, recognising no other mediator and 
advocate with God the Father but Jesus Christ, denying purgatory, 
admitting ee eee and the Lord's Supper—as 
signs or vi isible grace, discarding the feasts and 
vigils of saints, the abstinence from flesh on certain days, the mass, &c. 
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have escaped the notice of the writer. 
other ancient documents relative to the Vaudois, 
twenty-one volumes, were brought to by Sir 
the Protector Cromwell as envoy to 

the Duke of Savoy in 1655, and were by him presented, in 1658, to the 
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are missing. In 1669, Jean a pastor of the Valdenses, published 

¢ | Eglises Evangéliques des Vallées du 
Piémont,’ in two books, the first of which treats of the early date and 
i gives transcripts of several of the 


Imagin’ 
Bald, a.v. 840, speaks of Italian 5 on leh igetatehy Mama 
use refused to w i 5 e charges Claudius, 
bg Drtkvcpenie of tac tiene in their 


ing faith and pepper after death, the worship of images, 
the invocation of saints, ition, and church authority, to have been 
in both the old and modern Vaudois cate- 
chisms, as well as in the catechisms of the modern reformed churches, 
And it is worthy of remark, that Claudius in his epistle, ‘ Ad Theode- 
mirum,’ says, in reply to the charge of promulgating novelty in religion, 
“T teach no new sect, but keep myself to pure truth, and I will 
in opposing to the uttermost all superstitions and schisms.” 

died about a.p. 840, and contemporary with him Agobardus, 
eS ee * Treatise against Pictures, edited by 
uze, was also against the worship of images. The 

of the Cottian Alps must have been under one or the other of 
these bishops. In the synod held at Arras, .p. 1025, it was repre- 
sented to the Gerard, that certain persons had come 
from the of Italy and had introduced heretical dogmas about 
the nature of justification, the real presence, and against images, relics, 


wr 


altars, &e. About 1140, Bernard of Clairvaux, in his sixty-sixth sermon 
upon the Canticles, speaking of heretics who then were disturbing the 
church, mentions, among others, “a sect which calls itself after no 
man’s name, which affects to be in the direct line of apostolical suc- 
cession, and rustic and unlearned though it is, yet it contends that we 
are wrong and that it only is right. It must derive its origin from the 
devil, since there is no other extraction which we can assign to it.” 
The Valdenses have always rejected any distinctive sectarian appella- 
tion, and have boasted of adhering from age to age to the primitive 
faith. In the bull of Pope Lucius, a.p. 1183, four years after the 
Lateran council, in which the Albigenses were anathematised, several 
sorts of heretics are mentioned, Cathari, Paterini, the Poor Men of 
Lyon, and the Passagini, or men of the passes, as lying under a per- 
petual anathema. And in 1194, Alfonso, king of Aragon and marquis 
of Provence, issued an edict, “ commanding the Valdenses, the Insab- 
batati, who otherwise are called the Poor Men of Lyon, and all other 
heretics, to depart out of his dominions.” About 1230, Reinerus, a 
Dominican, who states that he had been himself a heretic, wrote a 
treatise i heretics, ‘Opusculum de Hereticis, in which he 
speaks, among others, of the Leonists, or Poor Men of Lyon (“ Secta 
Pauperum de Lugduno qui etiam Leoniste dicuntur”), and describes 
their tenets, which are exactly the same as those contained in the old 
records of the Valdenses as well as in their modern catechism. The 
Valdenses and the Poor Men of Lyon (Valdenses sive Lugdunenses) 
are confounded er in the chronicles of that age; and in the 
Chronicon of Abbas Ursbergensis (a.p. wei the Pauperes de Lugduno 
are ited as an ancient order which arose in Italy long ago. 
Reinerus begins by saying, that these Leonists or Pauperes were ‘the 
most pernicious of all the sects, for three reasons; 1, because they are 
the most ancient—more ancient than the Manichewans or Arians, dating 
their origin, according to some, from the time of Pope Sylvester I., and 


of | according to others from the time of the Apostles; 2, because they are 


more universally spread ; 8, because they have the character of being 
pious and virtuous, as they believe in the Apostles’ Creed, and are guilty 
of no other crime than that of blasphemy against the Roman Church and 


pal | clergy. This book of Reinerus is very important, but we must refer 


those who wish for further information to the Rev. W. S. Gilly’s 
‘Second Visit to the Vaudois of Piedmont, section iii, where the 
author has placed in parallel columns passages from Reiner’s text, 
the corresponding opinions of Italian writers previous to the 12th cen- 
tury, and those of the ancient and modern Valdenses concerning the 
same 


topics. 

When Marcus Aurelius Rorenco, grand-prior of St. Roch, was sent 
by Duke Charles Emmanuel, about the middle of the 17th century, to 
make inquiries concerning the Vaudois, he reported that “these Apos- 
tolicals, as they call themselves, were of an origin of which nothing 
certain could be said, furthermore than that Bishop Claudius might 
have detached them from the church in the 8th century, and that the 
were not a new sect in the 9th and 10th centuries.” And the mo 
Belvidere, who went to the valleys of the Cottian Alps on a similar 
inquiry, reported “that heretics have been found in the valley of 
Angrogna in all periods of hi .” Claude Seissel, archbishop of 
Turin, 4.D. 1500, spoke of them as “ the Vaudois sect, which originated 
with one Leon, a devout man, in the time of Constantine the Great.” 
From all the above testimonies it is contended, with considerable show 
of argument, by the Vaudois, that they are not a sect that sprung up 
in the 12th century, or was introduced by emigrants from abroad, but 
that they are an iginal Alpine community, the offspring of early 
Christianity implanted in these remote districts, The earlier edicts 
of the dukes of Savoy speak of the “men of the valleys” and their 
“ancient faith,” which ‘it had been found impossible to eradicate 
from thence, and which the dukes had been constrained to tolerate.” 
An edict of 1584 speaks of privileges granted by former dukes, and 
cites edicts of 1448 and 1452. In the ‘Theatrum Statuum R. C. 
Sabaudiw Ducis,’ published in 1682, it is stated that treaties four 
hundred years old secured personal and religious freedom to the 
Vaudois. 

It is an historical fact that, some time in the 14th century, a colony 
of emigrants from North Italy, professing the tenets of the Vaudois, 
settled in Calabria, where they cleared the ground of whole districts, 
and became thriving tenants of the great landlords, They built the 
towns of La Guardia (which is still called Guardia Lombarda), San 
Sisto, La Rocco, and others, not far from Cosenza, where they lived in 
peace and unnoticed for about three centuries. But after the spreading 
of the Reformation in the 16th century they began to correspond with 
Geneva and other places, and invited some Protestant divines to come 
among them,. This excited the attention of the local authorities ; and 
the Duke of Aleald, viceroy of Naples, sent commissioners and monks 
with troops to convert or destroy them. They resisted, and were 
destroyed with circumstances of great barbarity, in 1561. (Botta, 
‘ Storia d'Italia,’ book x.) 

At one time the valleys of the Vaudois were subject to the marquises 
of Saluzzo; and the Vaudois have repeatedly asserted, without being 
contradicted, that “ their tors professed their ancient faith long 
before the dynasty of Savoy was established in Piedmont.” Their 

igi community extended then over many other valleys on both 
sides of the Alps; to the southward beyond the Po over part of the 
marquisate of Saluzzo, westwards in the valley of the Durance as far 
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as Embrun and Briangon, and northwards to the banks of the Dora, | 
The valleys of Queiras and Frassinidre in France, and that of 

in the province of Susa, at the foot of Mount Gendvre, professed. 
communion till within comparatively recent times, In the two former 
valleys there are still scattered ¢' ical congregations, in the 
villages of Dormilleuse, Frassinitre, and Violin, 

Concerning the persecutions which the Vaudois have sustained, and 
which fill up a large portion of their history, we must not trustjimpli- 
citly cither to and the other Vandols writers, who were them- 
selves actors or sufferers in these occurrences, nor to the accounts of 
‘their persecutors, We prefer following a modern historian, Botta, a 
Piedmontese and a Roman Catholic, but a tem , discriminating 
writer, far removed from those scenes of strife, and from the passions 
which excited them or were the consequence of them. The earlier 
persecutions of the Vaudois were the work of the inquisitors sent by 
‘Rome, Pope John XXIL issued a bull against them in 1332. Walter 
|Loliard, who was burnt at Cologne in 1350, was a Vaudoia clergyman, 
‘About the year 1400 a persecution is recorded against the inhabitants 
of Prageld and the valley of Perosa, in which many perished. In 1487 
Innocent VIII. issued a bull to Alberto de Capitaneis, papal nuncio 
and commissioner for the dominions of the Duke of Savoy on both 
sides of the mountains, enjoining “him to extirpate the pernicious 
sect of wage aes men called the ‘poor people of Lyon,’ or the 
Waldenses, who have long endeavoured in Piedmont and other neigh- 
bouring parts to ensnare the sheep belonging unto God, under a feigned 
pretence of holiness,” &c., and if e ient “to preach the crusade 
against them.” But it was not until the following century that a 
general proscription took place. When Luther, Zwingli, and Calvin 
began preaching their reformed doctrines, the Valdenses acknowledged 
them to be similar to their own, Francis I, of France, who was also 
possessed of Piedmont, persecuted all heretics indiscriminately, whether 
of the new Reformed faith, or of the old Waldensis or Vaudois com- 

munion, and determined on extirpating them, The massacres of 
Danphiné and Provence, especially at Merindol and Cabriere, are 
recorded in history, He at the same time wrote to the parliament of 
Turin, enjoining it to enforce religious conformity within its juris- 
diction. e Vaudois of Piedmont then drew up a list of their articles 
of faith and laid it before King Francis, begging to be allowed to retain 
their ancient form of worship; to which Francis replied, that as he was 
putting to death the heretics in France, he could not tolerate them on 
the other side of the Alps. The parliament of Turin commanded the 
Vaudois to drive away their barbes, or pastors, and to receive Roman 
Catholic priests, who would be sent to instruct them, The Vaudois 
refused, and persecution followed. Several Vandois who refused to 
renounce their faith were burned alive. (Botta, b. iy.; a.p, 1541-4.) 
Still their communion was not extirpated; and years after, Piedmont 
having been restored to the house of Savoy, Duke Emmanuel Philibert, 
after being repeatedly urged by the inquisitor Giacomello, sent by 
Pope Paul IV., ordered, in 1560, the Vaudois to attend the Roman 
Catholic service, and forbade them the exercise of their own form of 
worship under penalty of 100 golden ‘‘seudi” for the first tran: ion, 
and of the perpetual galleys in case of anaes The Vaudois wrote an 
humble supplication with an apology for their faith to the duke, who, 
being little conversant with theological controversy, proposed a con- 
ference between the Vaudois and Roman Catholic divines. But Pope 
Paul IV. disapproved of this; and at last, being importuned by the 
inquisitor and the nuncio, and the court of Spain, the duke resorted to 
arms to enforce obedience. He sent into the valleys 7000 men under 
the Count of La Trinith, to whom the French king joined two regi- 
_menta on the side of France. The French court at that time was 
 persecuting the Huguenots, who were numerous in Dauphiné, and who 
were disposed to make common cause with the Vaudois, The Vaudois 
defended themselves bravely, and in one instance defeated the ducal 
{troops at Pra di Torre. Many atrocities were committed in this desul- 
tory warfare, and women and children were not spared. Some of the 
isoners were burnt alive at Carignano, Susa, and Pifterola. At last 

Juke Emmanuel Philibert, diagusted with this war, into which he 

had been pressed against his wish, and urged by the intercession of his 
wife, Margaret of France, who pitied the Vaudoia, granted ‘them, in 
June, 1561, peace and an amnesty, with the exercise of their religion, 
within certain stated limits, in the valleys of Lucerna and San Martino, 
on condition that the Roman Catholic service should also be performed 
simultaneously, in churches appropriated to the purpose in the various 
villages, This edict was signed by Philip of Savoy, lord of Racconigi 
on one part, and by two of the principal pastors of the Vaudois on the 
other. The court of Rome and the monks in Piedmont declaimed 
loudly against these concessions of Duke Emmanuel Philibert, and 
almost called him a heretic, (Botta, b, x.) 

Tn 1601 and 1602 Charles Emmanuel L. confirmed to the Vaudois 
their religious immunities, but the Inquisition was molesting them at 
the same time, and even imprisoned some individuals, and when re- 
monstrances were made to the ducal ministers, they replied, “ These 

tters do not n his highness.” (Botta, b, xv.) The duke how- 
ever issued two resoripta, dated 1603 and 1620, guaranteeing to the 
Vaudois the exercise of their religion within the limits prescribed in 
the three valleys of Lucerna, Perosa, and 8, Martino. The Vaudois 
had asked the same favour for their co-religionists in the Marquisate of 
Saluzzo, but this was refused, Charles 1, of England sent twice an 


| amnesty was granted, and the Vaudois were allow 


em 
Brcacix to Gilly’s ‘First Excursion to the Mountains of Piedmont 
in 1823.’) 


Victor Amadeus I., who succeeded Charles Emmanuel 
edict enjoining the non-conformists of the Marquisate of 


penalty of death and confiscation 
strictly enforced, that not one non 
But at the same time the duke issued an edict to 
of the valleys of Piiierola, who have always been held distinct from the 
others, and to check the prevailing practice among the Roman Catholic 
riests and laity of kidnapping the children of the Vaudois in orderto 
ting Sheen up in the Roman faith, (Botta, b, xxi.) Afterthedeath 
of Victor Amadeus, and during the civil war which raged in Piedmont, — 
the Vaudois remained faithful to their lawful duke, wn open 
arms the factious marquises of Lucerna and who sided with = 
Prince Thomas and the other pretenders to the ,and they were 
accordingly confirmed in their privileges oy the Duchess Regent, and — 
by the young Duke Charles Emmanuel Ii, But the same Charles 
Emmanuel afterwards directed a most fierce persecution against the 
Vaudois, Botta attributes the origin of this fresh storm to the turbu- 
lent disposition of Jean Leger, a pastor of some name among the — 
Valdenses, who had more zeal than prudence, In March, 1653,the 
inhabitants of Villaro, in the valle: Lucerna, rose ina tumult, and 
drove away the Capuchins from their convent, to which they set fire, 
The ducal troops repaired to the spot, and, after some bloodshed,peace 
was re-established, But this affair led to further investigations, when 
the ducal government ag out acre the Vaudois peo a ae 
against their engagements by pure property hing 
schools and places of worship beyond he fits fixed by former edicts, 
In January, 1655, the duke caused his auditor Andrea Gastaldo to 
roceed to Lucerna, when he issued a manifesto ordering all Vaudois 
Famil ies to evacuate within three days the communes of ‘Lucerna, San 
Giovanni, La Torre, Bibbiana, Fenile, Campiglione, Bricherasco, and 
San Secondo in the lower part of the valley of the Pelice, and retire to 
the higher part of the valley, to the communes of Villaro, Bobbio, 
Ror, Angrogna, and Boneti. Within twenty days they were either to 
sell their property situated in the former districts or to embrace the 
Roman Catholic faith. The Vaudois resisted this command, and the — 
duke sent the marquis of Pianezza with a cs Ba andsome = 
militia in the following April. The Vaudois their Mes, 
carrying their provisions to the mountains, The marquis f 
them there, but he could not subdue them; and his oe ota ae 
nothing to eat, withdrew. The Vaudois then issuing from their 
recesses, under two determined leaders, Jayer and Janavel, fell “at 
several Roman Catholic a plundered and burnt them. ry.) 
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then entered La Torre, but being surprised by Pianezza, they 
desperately and most of them fell, but not without killing number 
of the ducal troops. In this warfare cruelties were committed by 
both parties, but the Vaudois, being the losing , were, wil 
their families, the greatest sufferers, Many atrocities were committed 
against the women and children by the Piedmontese soldiers, but 
still more by the mercenary French and Irish soldiers in the service 
of the duke, which horrors Jean Leger, who was an actor in the 
struggle, has detailed at length, and, Botta thinks, has ad 
in his ‘ Narrative.’ But there is a document in the University Li 

at Cambridge which tells strongly against the marquis of Pianezza 
himself. It is a declaration by Captain Du Petit Bourg, who was — 
serving in a French corps under Pianezza, protesting against the 
cruelties which he saw committed, and for which he retired and quitted = 
his corps. He says that the uis ordered to give no quarter, 
saying that his highness was determined to have none of their religion 
in his dominions, This protest, a copy of which is given by Gilly in 
his first work, is dated Piterola, 25th November, 1655, and is attested 

by other officers. It appears, however, that Pianezza ordered the 
women and children to be spared, and he rescued many from the hands 
of the brutal soldiers, and distribated them in the neighbouring dis- 
tricta of Piedmont. A number of Vaudois took refuge across the 
mountains in the French valley of Queiras, and returned after the 
fury of the massacre had abated, Others perished in the snow, and 
others lurked for a time in the recesses of the mountains, under their 
chief Janavel, who carried on a partisan warfare until he was killed 
some years after. 

The news of the massacre of the Vaudois spread far and wide 
throughout Europe. The Protestant cantons of Switzerland, the Pro- 
tector Cromwell, and the States of Holland, sent envoys to the duke of 
Savoy, to remonstrate in favour of the Vaudois. Cromwell sent Sir 
Samuel Morland, who collected numerous documents, and published 
them in his ‘ History of the Evangelical Churches,’ fol. 1658, Crom- 
well's Latin letters to the duke and other princes on the subject were 
written by Milton, who in one of his sonnets has feelingly lamented 
the cruelties committed against the Vaudois, Subscriptions were 
made in England and other countries for the survivors. At last, at 
Cromwell’s request, Louis XIV, offered his mediation, which the duke 
accepted, and a convention was concluded in August of the same year, 
1656, at Pifierola, which then belonged to France, by which a general 
to remain on the 
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left bank of the Pelice within certain fixed boundaries, and to have the 
exercise of their religion, but at the same time it was agreed that the 
Roman Catholic worship should be performed in the same villages, 
and Catholic missionaries be sent to preach there, but no Vaudois 
should be constrained to become a Roman Catholic, and no girl under 
ten, and no boy under twelve years of age, should be taken from their 
This convention was signed by Jean Leger and other Vaudois 
But after some years new complaints and disputes broke out, 
which Count Bagnolo, the governor of the province, wanted to settle in 
an arbitrary manner. Fresh resistance and a new persecution took 
* in 1663 and 1664, followed by a new edict of the duke, by which 
Vaudois were sg Say to ar > ee ir hor pe in the village ge of 
8. Giovanni. Jean emigra‘ and visited various countries, 
urging the claims of the Vaudois and collecting subscriptions for them. 
He was at last appointed minister of the Walloon Church at Leyden, 
where he died. (Botta, b. xxv.) 

Victor Amadeus IL succeeded Charles Emmanuel, and took the 
reins of goverment at the end of 1684, being then ei years of 
age. Piedmont was then the reat A the imperious Louis XIV., 
who about this time resolved to ish Protestantism in France by 
the revocation of the Edit de Nantes, and he ordered Victor Amadeus 
to do the same with to the Vaudois. After some demur the 
duke was induced to submit, and in January, 1686, he issued an edict 

the Vaudois either to abjure their tenets within fifteen days, 
or leave their country. Driven to despair, the Vaudois determined to 
resist. They were attacked on one side by the ducal troops, and on 
the other by those of Louis XIV., commanded by Catinat. After a 
gallant struggle the Vaudois were overpowered, the survivors were 
obliged to submit unconditionally, Their whole property was con- 
fiseated, and given to Roman Catholic colonists, the old inhabitants 
with their families taking their departure for Switzerland. Those who 
had been taken prisoners were distributed in various prisons, in which 
a number of them died. At the expiration of three a band of 
800 of these emigrants, under the command of one of their pastors, 
Henry Arnaud, undertook one of the most daring and romantic expe- 
ditions ever attempted by men. [Arnaup, Hewat, in Broa. Drv.) 

This was the last persecution against the Vaudois; who however 
remained subject to various disabilities and to several vexa- 
tions, which are detailed by Gilly in his first excursion, p, 116; and in 
the second, p, 546, and fol. 

In the wars of the French revolution the Vaudois remained loyal to 
their soy , and bravely defended for years the mountain- 


passes 
through which the French threatened to invade the valley of the Po, | 
which ultimately they reached, but not on this side. In June, 1794, | 


King Victor Amadeus III. published an ordinance, in which, after 
acknowledging the constant and distinguished proofs of their attach- 
ment and fidelity, he promised to redress several grievances, among 
others, that of taking away of children of the Vaudois, with the view 
of obli them to embrace the Roman Catholic religion. He forbade 
the and ordered those who had been so taken away to be 
restored. “Those who at the prescribed age, girls at ten and boys at 
twelve, voluntarily enter the hospital of Pitierola, must be under the 
direction of ecclesiastical judges ; se will be made in 
permitting the parents to see their chi under proper precautions,” 
When Bonaparte annexed Piedmont to France, he placed the Vaudois 
on a footing of equality with their Roman Catholic countrymen, and 
i funds for the support of their clergy. At the restoration in 
1814 the Vaudois were again placed under their former disabilities, 
and those who had purchased beyond the limits of their 
were o! to sell it to Roman Catholics. King Charles Felix, who 
succeeded to the throne in 1821, showed some more indulgence towards 
the Vaudois. Under the present king of Italy, Victor Emmanuel, they 
haye been admitted to an equality of rights with their fellow subjects. 


VAULT, VAULTING. The continuation of an arched covering | 


over a considerable surface is commonly spoken of in the Arts under 
the name of vaulting ; and occasionally the word vault is applied to the 
actual assemblage of the voussoirs of an arch, in contradistinction 
to the haunches, spandrils, or other supplementary parts. Both of 
these significations may be retained without inconvenience, because 
they express conditions it may often be necessary to refer to in practice, 
and for which it is desirable to possess names, 

There is little to be added to what has been already said under Anon 
and Bates, with respect to the mechanical principles of vaulting, 
excepting that in the case of intersecting arches it may be desirable 
occasionally to form the lines of intersection by arched ribs, springing 
from the respective abutments, but even in case the resolution of 
the thrust must ultimately be the same, in principle, as in any ordinary 
arch, It is customary in practical works on architecture and engineer- 


ing, to class the various descriptions of vaults as follows :—1, Waggon- | 


and semicircular vaults ; 2, Domical vaults; 3, Pointed arched 
vaults; 4, Groined arches, which in their turn may be made to pass 
through numberless modifications, according to the positions assigned 
to the various ribs, pillars, or points of support. It is in the latter 
form of vaulting that the fan tracery so much admired in Gothic archi- 
tecture occurs; and the skill with which the medieval architects con- 
centrated the strength of the vaulting in the ribs, whilst they reduced 
the thickness of the spandril filling, enabled them to secure effects of 
the most elaborate and pictorial character. In the simple square 
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groin the ribs near the wall, and those at the intersection of the arches, 
perform the office of supporting the vaulting; in the more ornate fan 
tracery, other ribs are introduced, so as to form, on plan, a star of four 
points, or the primitive arches may rise to different heights, either 
ultimately meeting by intersection, or truncated in the middle of the 
space. Polygonal spaces were covered in the medieval period either 
by means of a series of fan-shaped ribs, starting from arches applied 
against the external wall, and from a central column, as in the cases of 
many of our chapter-houses, or by groined arches spanning the whole 
space between the walls; or by pendentive roofs, when the internal 
dimensions are not very great. Excellent examples of. the first of 
these systems of vaulting over polygonal buildings are to be found at 
Winchester, Salisbury, Wells, Lincoln, &c. ; of the second, at Durham, 
York, &.3; and of the third at Caudebec. In many of Sir C. Wren’s 
churches, the system of groined vaulting has been applied with as much 
boldness and artistic success as in the buildings of the medieval archi- 
tects; but the compulsory use of the semicircular arch in the Italian 
architecture, rendered the intersections of the side vaults with the 
principal ones less susceptible of ornamental decoration than is the case 
with the diagonal ribs of the preceding style. The vaulting of St. 
Paul's, and of St. Peter's at Rome, may be referred to as illustrations 
of the most effective specimens of this mode of construction as applied 
to modern cathedrals. It must not be forgotten, however, that the 
ancient Romans had proved themselves to be perfectly able to overcome 
all the practical difficulties of vaulting ; and the ruins of the palaces of 
Nero and of Diocletian, the reservoirs of Possilippo and of Constantinople, 
and the great church of Sta. Sophia miay be cited as illustrations of the 
various solutions they had discovered of the problem of vaulting large 
areas. 

It may be advisable to call attention to the mode of vaulting adopted 
in some parts of the London Docks, in which the space covered is 
vaulted by means of groined arches of brickwork, of elliptical form, 
springing from granite pillars, In cases where the vaults are intended 
to store combustible goods of great value, there are such manifest 
advan in the use of the granite pillars, instead of cast-iron ones, 
that, writing under the impressions produced by the fearful misfortune 
of June 22nd, 1861, the author may be pardoned for dwelling on this 
detail of fire-proof construction. 

(Ware, Tracts on Vaults and Bridges ; Willis, Architecture of the 
Middle Ages ; Gwilt’s Encyclopedia of Architecture ; Rondelet, L’Art 
de Batir, &c., &c.} ; 

VAVASSOR, VALVASSOR, a term applied in the ancient records 
of England, Scotland, France, Lombardy, and Aragon, to persons 
holding fiefs not immediately under the king or other «persons 
possessing jura regalia (as the duke of Normandy, the earl of Chester, 
or the bishop of Durham), but under some intermediate lord. It 
appears also, that to constitute a vavassory, it was necessary that the 
party should have subordinate freeholders, as vassals holding of his 
vavassory, (Wilkins, ‘Leges Angl.’, 247; Bracton, 5 b, 6, 93 b; 
Ducange.) In England vavassories were generally held by knights’ 
service; but in Normandy, besides the franches vavassories or yavas- 
sories nobles, there were socage vavassories held by the rent of a rose, 
® spur, or a glove, and also vavassories vilaines, The possessors of 
these inferior vavassories were sometimes called “ valvassins,” 

Vavassors are twice mentioned in Domesday, pp. 53 and 1469; and 
in the laws of William the Conqueror, the relieh due from a vavassor 
to his liege lord is described. (Kelham, 40.) A charter of Henry I. 
directs that pleas of the division of land between the vavassors of two 
different lords be determined in the county court. In the great Roll 
of the Pipe of 31 Henry L., mention is made of the vayassors belonging 
to the barony of the archbishop of York, In the laws of Henry Il. 
the jurisdiction of vayassors is specified, Madox (‘ Baronia Anglicana, 
note, p. 135), sets out a writ in which that prince requires the resi- 
dence or constant attendance of all barons and yavassors, who owe 
service of castle-guard at Rockingham castle. Francis de Bohun, in 
the time of Richard L, was seised of two honours, one that of Bohun 
in Normandy, which he held of the king, as duke per baroniam, the 
other in England, consisting of the manor of Fordes, &c.,in Sussex, 
which he held in vavaaserid. (‘ Abbrev, Plac.,in Domo Cap. Westm,’ 88, 
In the next reign Alice Briewiere claimed Plimtree in Devon, 
Depeworth in Somerset and Dorset, assigned to her by her late 
husband Roger de Pole, on the day he set out for Jerusalem, for the 
full third part of three vavassories, namely, for the vavassories of the 
earl of Salisbury, the earl of Vernon, and of the vavassory of Larl 
William de Bohun (‘Ib.’,61 b). In the close rolls of 4 H. III. is a 
writ to the sheriff of Wiltshire, directing him to give seisin to W. 
Mandevill, R. Maudut, W. Comyn, and W. de Fontibus of three 
vavassories of the fee of the Earl of Clare, belonging to the barony of 
Funtell (Fonthill), which barony Andrew Giffard had, with the assent 
of King John, resigned to those persons as the right heirs (presump- 
tive) of the barony, reserving the vavassories, which vavassories would 
appear to have been seized into the king’s lands upon the death of 
Giffard under the advice of the crown lawyers, the council of the 
minor king being afterwards of opinion that such seizure ought not 
to have been made. Here, vavassories held of the honour of Clare 
appear to have become in some way annexed to a barony held of the 
crown. In the record and process of the renunciation of Richard IL., 
ukes, marquesses, earls, barons, knights, 
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aeite, ond ravassors, and other his liege-men, from their oaths of | portion of the Vedas is therefore the foundation of the Vaidik 


fidelity (3 Rot. Parl., 416); and about the same period Chaucer, after 
describing his Franklin, says, 
** Was no where swiche a worthy carasour.” 

From this time we lose sight of the English vavassor. Numerous 
subseigniories however still exist, the owners of which, though not so 
designated, are in truth vavassora, From the inalienable aon of 
the Duchy of Cornwall, many manors in Devonshire and Corn’ are 
held, though the name is no longer continued, as vavassories of the 
duchy ; of which there are many in the former county, holden of the 
duchy honour of Bradninch. 

The breaking up of the old feudal baronies, and the frequent 
forfeitures those who held immediately of the crown, 
brought the great and many of the lesser vavassors into the position of 
immediate tenants to the crown. But as the extinction of vavassories 
was gradual, no new class of crown tenants arose, as was the case in 
Germany where the disappearance of the dukedoms of Suabia and 
Franconia (caused by the extinction of the House of Hohenstauffen in 
the person of Conradin, beheaded upon the failure of his attempt to 
recover the kingdom of Naples from Charles of Anjou), gave rise to a 


new order in the state, namely, the immediate chivalry (noblesse / 


immédiate) of the empire, the reichsritterschaft, a body mediatised by 
the Congress of Vienna. 

When James IL, imitating the practice of France, introduced 
hereditary titles without peerages,a proposal for giving-to the new 
order the designation of vavassors was rejected, and the novel but 
more appropriate title of Baronet was adopted. : 

(Terrien, Cout. de Normandie; Testa de Nevill, 166 a; Selden’s Titles 
of Honour, 513, 520; Cragii, Jus. Feud., 100, 141; Manning's Serviens 
ad Legem, 185, 291 a.) 

VEADAR. The name of this month is literally ‘‘ and Adar,” mean- 
ing “another Adar.” It occurs only in intercalary years, immediately 
after Adar. [Apar.] This month has twenty-nine days, and the feast 
of Purim and fast of Esther, usually observed in the month Adar, 
ure transferred to Veadar in the years where this month is inserted. 
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Rigveda, I. p. xx.) But inasmuch as these 
they had learned to their pu who in their turn communicated 
their knowledge to their disciples, and so forth, it is obvious that great 
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(aaneieds or as we might say, into various editions, which though in 
differences eno respective 
schools. A work which treats of these schools, the Charan'avyéha, 
enumerates several of them by name, and states that five, p 

a thousand, and nine were the respective numbers of the Charan‘as of 
the Rig-, Yajur-, Sdéma-, and \A Very few only of these 
editions have come down to us, and the loss 
of them is the more to be deplored, as they would probably have 
enabled us to account for some (and important) differences in the 
verses common to some or all of these Vedas, and perhaps also for 
superstitions of later times, which are said to be founded on, but are 
not countenanced by, the text, as we possess it now, of the R’igveda- 


The last time of this insertion was in 1859, when Veadar began on | Sanhita. 


the 7th of March and ended on the 4th of April. The next will be in 
1862, when it will extend from the 3rd to the 31st of March. 

VEDA. This word (from the Sanskrit radical vid, ‘to know’— 
kindred with the Latin vid-, Greek :3-, Gothic vait) literally means 
‘knowing,’ or ‘knowledge ;’ but is emphatically used as the name of 
those ancient Sanskrit works which constitute the basis of Brahmanic 
belief, and are held by the Hindus to have been revealed to them by 
their deities, These works were originally three, namely, the Rigveda, 
the Yajurveda, and the Sdmaveda. Ata more recent period a fourth 
Veda was added to them, but it never obtained that degree of sanctity 
which was allowed to its ecessors ; it is not mentioned, for instance, 
in the ninth verse of the Purusha-sikta of the Rigveda, which speaks of 
the R’ig-, Sama-, and Yajur-veda; nor in the Oihindegye Upeseress 
nor even in the law book of Manu’; for though the latter refers on 
several occasions to the three Vedas, it speaks only once (xl. 33) of 
“ the revelations of the Atharvingirasas,” by this expression alluding to, 
but not naming by name, the Atharvaveda; and even the writers on the 
Mimans4, a doctrine that has for its object to clear up doubtful passages 
and to reconcile discrepaucies of vaidik texts, are merely concerned in 
those of the three former Vedas, not in those of the Atharvaveda. 

Each of these four Vedas consists of two distinct parts: a Sanhitd 
or collection of Mantras, and a portion called Brdhman'a. 

Mantra (from man, ‘to think,’ literally ‘ that by which thinking is 
effected) means a hymn be oe According to the definition given 
by Madhava-Sfyan’a, the celebrated commentator of the Vedas,—in his 
work on the Miménsa, the Jaimintya-nyAya-mila-vistara, and in his 
introductions to the Rigveda and Aitareya-brahman'a,—a Mantra is 
sometimes addressed to the divinity with a verb in the first person ; 
sometimes it ends with the verb ‘thou art, or with the word ‘ thee ;’ 
now it mentions the performance of ritual acts, then it contains praises, 
invocations, injunctions, reflections, complaints, puts questions or re- 
turns answers, &c. (Colebrooke, ‘ Misc. Ess.’ i. p. 808 ; Miller, ‘Ancient 
Sanskrit Literature,’ p, 343 ; Goldstiicker, ‘ Introduction to the Mdnava 
Kalpa Satra, or Pan‘ini, p. 69.) The author of a Mantra, as we should 
say—or as the Hindu authorities state, the saint “ by whom it was first 
spoken,” the “seer” or “ rememberer” of its text—in short the person- 
age to whom the Mantra is supposed to have been revealed, is called its 
Kishi, The deity to whom “ the Rishi seeking for the accomplishment 
of his objects, addresses his praise,” is its Deratd (Yaska’s Nirukta,’ 
vii. 1). t since there are Mantras which contain neither petition 
uor adoration, the subject of such Mantras is considered as he deity 
that is spoken of; for example, the praise of generosity is the Devatd 
of uey entire hymns addressed to princes from whom gifts were 
received by the authors. (Colebr., ‘ Misc, Ess.’ i. p. 22.) 

A Braéhman’a (neuter,—not to be confounded with the masculine 
word, or the name of the sacerdotal caste),—from brahman, prayer, is 
twofold ; according to Madhava, it contains “ either co dments or 
explanations;” in other words, it gives directions for the performance of 

sacrificial acts, and oe origin and object of the rite, by giving 
citations of h mné, illustrations and legendary narratives, also by 
speculations of a mystical and philosophical kind. The Brdhman’a 


If in order to an insight into the peculiar character of each of 
these Vedas, Se the view entertained of it the native 
writings, little aid will be afforded us by the mythological narrative of 
the S'atapatha-brihman’a (xi. 5, 8, 1), and Manu’s ‘ Law Book,’ (i. 23), 
which tell us, in the same words, that (Brahmi), “for the due 

rformance of the sacrifice, drew out the threefold eternal Veda, the 
Rigveda from fire, the Yajurveda from air,and the Simaveda from the 
sun;” nor will our knowledge be more advanced by « pat Sen 
Bhagavata (iii. 12-87) and the Vishnu-Purin’a, which us (i. cap. 5) 
that ‘‘ Brahma created the R’igveda.... from his eastern mouth, the 
Yajurveda .... from his southern, the Simaveda .... from his 
western, and the Atharvaveda .... from his northern mouth.” But of 
greater importance is evidently a statement of the Kanshitaki- 
brahman’a which, while omitting to mention the Atharvaveda, calls 
the Yajur- and Sima-veda “the attendants of the R’igveda” (Miiller, 
* Anc. Sansk. Lit.’, p. 457), The real ing of the latter how- 
ever, becomes clear from what Siyan’a says in his introduction to the 
Rigveda. After having inferred from the ninth verse of the Purusha- 
sikta, mentioned before (comp. Muir's ‘ Original Sanskrit Texts,’ i. p. 6), 
the precedence in rank of the R'igveda before the other Vedas, he 
continues : “the Taittiriyas, or followers of the Black Yajurveda, record 
that whatever sacrificial act is ‘ormed by means of the Sima- and 
Yajur-veda is pepo der, whatever is done by means of 
the Rigveda is strong;” and... “among the hymns found in the 
Yajurveda there are many R’i h which are to be employed 
by the Adhwaryu priest; all of the Samaveda come from 
the R’igveda, and even those who make use of the Atharvaveda read in 
their own Sanhité to a considerable extent, the very hymns of the 
Rigveda” (Sdyan’a, in Miiller’s ed. of the ‘Rigveda,’ i. ay" It 
results from this statement, not only that the R/igveda was to be 
prior in rank to the other Vedas, but that it was considered to be older 
than they, and that the hymns of the Simaveda were entirely, and those 
of the two other Vedas to a considerable degree, extracted from the 
Riigveda-Sanhité. And this information of the celebrated commen- 
tator is fully borne out by a comparison of the hymns of the ‘four 
Vedas. For, though Professor Benfey has shown, in his edition of the 
Sdmaveda (p. xix), that seventy-one verses of the latter are not met 
, and that many readings of 


fessor Weber, in his ‘ Vorlesungen, p 9. 62); but, as 

Professor Miiller justly observes (‘ Anc. Sansk. Lit.’ p. 475), that this 

cine tween by the fact, that we do not 
” oO e Up ” 

The true nature, however, of this relation between the Rigveda and 
the other Vedas, from the purposes which they were made to 
serve, pu , which, according to the concurrent statement of all 
native pier a; are of a ritual or sacrificial character, 

A vaidik sacrifice is a piece of machinery of a very complicated kind, 


ually many schools or Charan’as arose, each giving toits — 
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own arrangement and distribution of the sacred text. Hence it came 
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A knowl of it is imparted by a class of writings, the Kalpa works, 
which ro camediee bemedlian Good care was taken by their 
authors, or the authorities whence their contents are derived, that no 
man who intended to perform a regular sacrifice (a yajamana), could 
satisfy his religious want—which was always connected with some 

desire, such as the birth of a son, increase of cattle, attainment 
- of military renown, conquest, and the like—without the assistance of 
one or more priests, who as a matter of course always belonged to the 
Brahman’a caste. There were sacrifices which lasted one day, others 
which went on from two to eleven days, others which took up as 
many as a hundred days. Accordingly, to perform some sacrifices one 
_ Ritwij, or priest, sufficed; or, to complete others, four, five, or six 
priests were necessary; their fullest complement, |however, is the 
number of sixteen, for a seventeenth R‘itwij—the , or super- 
intendent—is not admitted by all authorities ; and the assistants of the 
priests—the slayer, the bu , the ladle-holder, the choristers, &e.— 
are not counted amongst the R’itwijs or real priests. 

This full contingent of priests is enumerated by As’waldyana (S’rauta 
Sitra, iv. 1) in the following way. First comes the Hotr’i, who has 
under hi men (purusha), the Maitravarun’a, Achchhivika, and 
; secondly, the Adhwaryu, with the Pratiprasthat’ri, Neshtr’i, 

third! , the Brahman, with the Brahman‘ichchhansin, 

), and Potri; lastly, the U/dgdt'ri, with the Pras- 
totr’i, Pratihart’ri, and Subrahman’ya (comp. Miiller, ‘ Anc. Sansk. Lit.,’ 
pp. 468, 469, where, by a mistake, some of the purushas of the Brah- 
man and the Udgdtri have changed their places), The same class 
arrangement, th sometimes in a different order, occurs likewise in 
other authorities (for example; KAtySyana S'r. 8. vii., 1, 6; Madhava 
Jaiminiyany4y, iii. 7,17 ; see also the note to p. 209, in Wilson’s second 
volume of his translation of the R’igveda). 

Now, of these R’itwijs, the = works enjoin that the Adhwaryu 
has to perform his duties with Yajurveda, the Udgat’ri with the 
Samaveda, the Hotr'i with the R’i and that the Brahman “ has to 
set right any deficiency that may have occurred in the religious acts of 
the three former pri ; he must, therefore, be uainted with all 
the three Vedas—the Rig-, Yajur-, and SAima-veda” (‘ Madhava Jaimi- 
niyanyay,’ iii. 7, 17; vi. 3, 14; Miiller, ‘ Anc. Sansk, Lit.,’ p. 469, ff) It 
may. be added, moreover, that the Adhwaryu had to mutter, inaudibly, 
the verses of the Yajurveda, that the Udgit'ri had to chant those of the 
SAmaveda—probably in the same ma as the Pi h is intoned 

to this day by the officiating Jews in their that the 
Teste land Gh wectba i & load Foloe tha verses of the Bi iaveda. 
It follows, therefore, that each of these Vedas had its distinct cere- 
monial; but that no ceremonial was assigned to, and that no dis- 
priest or class of priests had to use, the hymns of the Atharva- 
veda. “The Atharvaveda,” says Madhustidana, “is not used for 
the sacrifice; it only teaches how to appease, to bless, to curse, &c.” 
“ Tts songs,” as Professor Miiller observes (‘ Anc. Sansk. Lit.’ p. 447), 
“ formed, probably, an additional part of the sacrifice from a very early 
They were 
that 


tat, 


And the same scholar infers that it was probably part of 
the office of the Brahman priest, also, to know and to apply these songs, 

Lora tert pede den (aap to be required for remedying any 
mistake committed by the three classes of pri At all events, 
it i the Atharvaveda is not cot) among the sacri- 
ficial Vedas, and that its later date may be safely concluded its not 
being mentioned in those works whic the ancient rites, even 
i Cy ceca Bhigdnge recognisable from the language of those 

ymnns w! do not occur in the other Vedas. 

By comparing, however, the contents of the three sacrificial Vedas 
with the ritual tan of the Kalpa works, we may ascertain another 
important fact. the verses of the Yajurveda and all the verses of 
the Samaveda are used in one sacrificial act or another. Such, how- 
the case with the verses of the R’igveda. Many of the- 
latter, indeed, are likewise indispensable for ificial purposes, as we 
are taught by the ritual books connected with this Veda ; dad “ane 
ftomiber remain, which stand quite aloof from any ceremony. is 
class purely a poetical or mystical character ; and it may be fairly 
that even the strong tendency of later ages to impress an 
sacrificial stamp on each of these Vedas, broke down before 
natural and poetical power that had hee pocket three 
songs, a8 it could not incorporate them amongst the li hymns. 
We uote, for instance, a hymn from the tenth Man of the 

Migveda Colebrooke’s ‘ Misc. Ess.,’ i. p. 33), as an illustration of 
those which belong to the mystical poetry of this Veda. It runs thus 
“Then there was no entity nor nonentity; no world, nor sky, nor 
aught above it; nothing anywhere in the happiness of any one, 
involving or involved; nor water deep and dangerous. Death was 
not; nor then was immortality ; nor distinction of day or night. But 
Tuat breathed without afflation, single with (Swadhd) her who is 
within him. Other than him, nothing existed (which) since (has 
been). Darkness there was; (for) this universe was enveloped with 
darkness, and was (like fluids mixed in) waters ; but 
that mass, which was covered by the husk, was (at length) produced 
by the power of contemplation, First, desire was formed in his 
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mind, and that became the original productive seed; which the 
wise, recognising it by the intellect in their hearts, distinguish, ‘in 
non-entity, as the bond of entity. Did the luminous ray of these 
(creative acts) expand in the middle? or above? or below? That 
productive seed at once became providence (or sentient souls) and 
matter (or the elements): she, who is sustained within himself, was 
inferior ; and he, who heeds, was superior. Who knows exactly, and 
who shall in this world declare, whence and why this creation took 
place? The gods are subsequent to the production of this world ; 
then who can know whence it proceeded ? or whence this varied world 
arose? or whether it uphold itself or not? He who in the highest 
heaven is the ruler of this universe, does indeed know ; but not another 
can possess this knowledge.” 

An instancé of another kind of R’igveda hymns, which canriot have 
served any sacrificial purpose, is given by Professor Miiller in his excel- 
lent work on ‘ Ancient Sanskrit Literature’ (p. 495). It bears a satirical 
character, inasmuch as it ridicules the elaborate ceremonial of the 
Brahmans, and is rendered by him thus: “ After lying prostrate for a 
year, like Brahmans gabe a vow, the frogs have emitted their 
voice, roused by the showers of heaven. en the heavenly waters 
fell upon them, as upon a dry fish lying in a pond, the music of the 
frogs comes together like the lowing of cows with their calves. When 
at the approach of the rainy season, the rain has wetted them as they 
were longing and thirsting, one goes to the other while he talks, like a 
son to his father, saying, ‘akkhala!’ (Spexexet xodtkodt). One of 
them embraces the other, when they revel in the shower of water; and 
the brown frog jumping after he has been ducked, joins his speech 
with the green one. As one of them repeats the speech of the other, 
like a pupil and his teacher, every limb of them is, as it were, in 
gon, when they converse eloquently on the surface of the water. 

e of them is Cow-noise, the other Goat-noise ; one is Brown, the other 
Green ; they are different though they bear the same name, and modu- 
late their voices in many ways as they eer Like Brahmans at the 
Soma sacrifice of AtirAtra, sitting round a full pond, and talking, you, 
O frogs, celebrate this day of the year when the rainy season begins. 
These Brahmans with their Soma have had their say, performing the 
annual rite. These Adhwaryus, sweating whilst they carry the hot 
pots, pop out like hermits. They have always observed the order of 
the gods as they are to be worshipped in the twelvemonth ; these men 
do not neglect their season; the frogs who had been like hot pots 
themselves, are now released when the rainy season of the year sets in. 
Cow-noise gave, Goat-noise gave, the Brown gave, and the Green gave 
us treasures. The frogs, who give us hundreds of cows, lengthen our 
life in the rich autumn.” In another hymn of the last Mandala a 
gambler laments over his eyil passion, which beguiles him into sin, 
All these and similar hymns are evidently of quite a different charac- 
ter than those which praise the power of the elementary gods, and 
could find their place in sacrificial acts. 

But there is further evidence to show that the collection of the 
R’igveda cannot have borne originally a ritual stamp. When songs are 
intended only for liturgic purposes, they are sure to be arranged in 
conformity with the ritual acts to which they apply; when, on the 
contrary, they flow from the poetical or pious longings of the soul, 
they may, in the course of time, be used at, and adapted for, religious 
rites, but they will never submit to that systematic arrangement which 
is inseparable from the class of liturgic songs. Now, such a systematic 

ent characterises the collection of the Yajurveda and Sima- 
veda geo it is foreign to the R’igveda-Sanhita. 

With the exception of the last book, which is of a mystical nature, 
all the other books of the whole Yajurveda contain .verses which are 
classified according to the special sacrifices at the performing of which 
they were muttered. The SanhitA of the Simaveda consists of verses 
which had to be intoned especially at the moon-plant sacrifice. The 

ent of the R’igveda hymns, however, is quite of a different 
kind. It resisted the order of a finished ceremonial. The R’igveda 
hymns are not distributed with reference to sacrificial acts ; they are 
partly arranged according to the divinities to whom they are addressed, 
and sng an to their authors, the Riishis, who made them 
known. y must therefore have preceded the completion of that 
ceremonial, which is the indispensable condition of the Simaveda- and 
Yajurveda-Sanhitas. 

Having established the general character of the four Vedas, we shall 
now give a brief outline of their special features and of the principal 


works which owe them their ori 

The Rig-, or the first and principal, Veda, we possess only in the 
recension of the S’akhala school. Its Sanhita, or collection of hymns, 
is arranged on two methods, The one has merely regard to the 
material bulk ; the other seems to be based on the authorship of the 
Mantras. Both, however, run parallel with one another, without 
differing in the order of the hymns which constitute the Sanhita. 
According to the first method, the Sanhité is divided into eight 
Asht‘akas or eighths, each of which is again subdivided into Adhydyas 
or lectures, an Adhyfya consisting of a number of Vargas or sections, 
and a V; of a number of Rich or verses, usually five. According to 
the second method, the Sanhita is divided into ten Man'd'alas or 
circles, subdivided into eighty-five Annvikas or lessons, which consist 
of one thousand and seventeen (or, with eleven additional hymns, of 
one thousand and twenty-eight) Sdkias or hymns, these again containing 
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ten thousand five hundred and eighty and 4 half Rich or verses. The first 
eight of these Man’d’alas begin with hymns addressed to Agni, which 
are followed by hymns addressed to Jndra, After the latter come 
generally hymns addreased to the Viswe Devds, or the gods collectively, 
and then those which are devoted to other divinities. The ninth 
Man‘d‘ala is entirely addressed to the Soma-plant, and is especial 
connected, therefore, with the SAmaveda- ita; while the ten’ 
Man‘d’ala has chiefly served for the collection of the Atharvaveda 
hymns, Again, as regards their author, the second Man‘d’ala contains 
hymns which are attributed to the R’ishi Griitsamada; the third is 
said to belong to Vis'wimitra, the fourth to Vimadeva, the fifth to the 
Atris, the sixth to Bharadwija, the seventh to Vasisht‘ha, the eighth 
to Kanwa, the ninth to Angiras. The first and the tenth Man‘d’ala 
are ascribed to the authorship of various R’ishis. . 

“The worship which the Siktas describe comprehends offering 
prayer and praise: the former are chiefly oblations and libations,— 
clarified butter poured on fire; and the expressed and fermented juice 
of the Soma-plant, presented in ladles to the deities invoked,—in what 
manner does not exactly appear, although it seems to have been 
sprinkled, sometimes on the fire, sometimes on the ground, or, rather, 
on the Kus‘a, or sacred grass, strewed on the floor, and in all cases the 
residue was drunk by the assistants. The ceremony takes place in the 
dwelling of the worshipper, in a chamber appropriated to the purpose, 
and probably to the maintenance of a perpetual fire, although the 
frequent allusions to the occasional kindling of the sacred flame are 
rather at variance with this practice. There is no mention of any 
temple, nor any reference to a public place of worship, and it is clear 
that the worship was entirely domestic....... That animal victims 
were offered on particular occasions may be inferred from brief and 
obscure allusions in the hymns of the book ; and it is inferrible 
from some passages that human sacrifices were not unknown, although 
infrequent and sometimes typical: but those are the exceptions, and 
the habitual offerings may be regarded as consisting of clarified butter 
and the juice of the Soma-plant. 

“The Sdkia almost invariably combines the attributes of prayer and 

praise : the gare the vastness, the generosity, the goodness, and even 
the personal beauty of the deity addressed are described in highly 
laudatory strains, and his past bounties or exploits rehearsed and 
glorified ; in requital of which commendations, and of the libations or 
oblations which he is solicited to accept, and in approval of the rite in 
his honour, at which his presence is invoked, he is implored to bestow 
blessings on the person who has instituted the ceremony, and some- 
times, but not so commonly, also on the author or reciter of the 
prayer. The blessings prayed for are, for the most part, of a temporal 
and personal description,—wealth, food, life, posterity, cattle, cows, and 
horses ; protection against enemies, victory over them, and sometimes 
their destruction, particularly when they are represented as inimical to 
the celebration of religious rites, or, in other words, people not pro- 
fessing the same religious faith. There are a few indications of a hope 
of immortality and of future happiness, but they are neither frequent 
hor, in proven 9 distinctly announced, although immortality of the 
gods is recognised, and the possibility of its attainment by human 
beings exemplified in the case of the demigods termed R’ibhus, ele- 
venel for their piety to the rank of divinities, Protection against 
evil spirits (Rdkshasas) is also requested, and in one or two passages 
Yama and his office, as ruler of the dead, are obscurely alluded to. 
There is little demand for moral benefactions, although in some few 
instances hatred of untruth and abhorrence of sin are expressed ; a 
hope is uttered that the latter may be repented of or expiated; and 
the gods are in one hymn solicited to extricate the worshippers from sin 
of every kind. The main object of the prayers, however, are benefits 
of a more worldly and physical character; the tone in which these are 
requested indicates a quiet confidence in their being granted, as a 
return for the benefits which the are su to derive from the 
offerings made to them, in gratifying their bodily wants, and from the 
praises which impart to them enhanced energy and augmented power : 
there is nothing, however, which denotes any particular potency in the 
prayer or hymn, so as to compel the gods to comply with the desires of 
the worshipper ; nothing of that enforced necessity which makes so 
conspicuous and characteristic a figure in the Hindu mythology of a 
later date, by which the performance of austerities for a continued 
period constrains the gods to grant the desired boon, although fraught 
with peril and even destruction to themselves.” (Wilson, ‘ R'igveda,’ 
vol. i. p. xxiii, ff.) 

it we ask what divinities were worshipped by the authors of the 
Rigveda hymna, an answer is given by Yaska, the oldest Vaidik exegote 
of those whose writings are preserved, in the following manner :— 
“The Vaidik exegote says that there are three Devatds, viz., Agni, who 
resides on earth; Vayu, or Indra, who resides in the intermediate 
region (between heaven and cog 1 Een Sarya, who resides in, heaven. 
Because each of these Devatis a variety of attributes, there are 
indeed many names of them” (vii. 5); and “of the Devati there is 
but one soul; but the Devatd having a variety of attributes, it is 
Pay in many ways : other gods are merely portions of the one soul” 

vii. 4). The Anukraman'l, or explanatory index to this Veda, says, in 
asimilar manner, “ The deities are only three, whose places are the 
earth, the intermediate region, and heaven: (namely) fire, air, and the 
sun. They are pronounced to be (the deities of the mysterious names 


the soyl of (jagat) what moves and of (tasthivat) that which is fixed.’ 

Other deities are portions of him.” (Colebrooke, ‘ Mise. Ess.,’ i. ey! 
If we took this account for a correct representation of the 

creed we could not but draw the inference that it was based on the 

belief in one god, or, at least, one re of ‘creation, and that the 

pee tage met with in the Vaidik hymns are merely poetical 

of 


cal hymn of the R’igveda, which would seem to countenance this 


.product of a later and philosophical age, and the bulk of that collection 


which contains nothing but the adoration of the elementary 
in their various manifestations and degrees. Nor can we give 


ee assent to the threefold classification of the Vaidik 
v 


nities, as given by Yaska, and repeated by the Anukraman'l; for 
neither is Agni’s abode restricted to earth, nor could Indra be identified 
or placed on the same level with Vayu, nor would it be correct to 
assign to Sfirya such a place in the Vaidik pantheon as would hes ores 7 
his rank with that of Agni or Indra, The real position and quality of 
the principal Vaidik divinities of the Rigv 
The chief deities are Agni and Indra, the two gods, as we have noticed 
before, to whom the first series of hymns is addressed in eight out of 
the ten Man‘d’alas of the Sanhitd. Agni (from aj, “ to move,” Latin, 
igni-) is the God of Fire, under a threefold aspect of this element: 
as it exists on earth, in its daily use and in its sacrificial capacity, as 
well as the heat of digestion and the principle of animal and vegetable 
life; secondly, as the fire of lightning ; and thirdly, as the fire of the 
sun, pn ore praised therefore as the originator of the sacrifice, and as 
the medi i the 


to religious rites. On the other hand, as the fire of lightning, 
tj dson, of the waters ;” and as the fire Ae 


associated with Indra, are the Maruts, or Winds; they assist Indra in 
his battles with Vr‘itra and the production of rain, “They ride on 
spotted stags, wear shining armour, and carry spears in their hands; 
no one knows whither they come nor whither they go, their voice is 
heard aloud as they come rushing on; the earth trembles and the 
mountains shake! before them. They are called the sons of Rudra, 
who is conceived of as peculiar of the tempest.” (Ib, p. 315, 
Besides them a god of wind, Vdyu, is named: “he drives a thousan 

steeds; his breath chases away the demons; he comes in the earliest 
morning, as the first breath of air that stirs itself at day break, to 
drink the Soma, and the Auroras weave for him shining garments.” 
This god is sometimes identified with Indra; but there are verses in 
which both, Indra and Vayu, are invoked conjointly to share in the 


sacrifice, 

Amongst the gods assigned by Yiska to the sphere of heaven, we 
have to notice in the first rank the Adityas, or the sons of the Aditi. 
The latter word means “ indestructibility,” and the Adityas are dis- 
cribed as “ elevated aboye all imperfection; they do not sleep or wink ; 
their character is all truth ; they hate and punish guilt; to preserve 
mortals from sin is their highest office.” One of these Adityas, is 
Sérya, the sun, who is described as driving a chariot drawn by seven 
golden steeds, and is also personified as the ornamented bird of heaven. 


is, in short, this :— 
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But he does not occupy that prominent rank among Vaidik gods which 
we might expect, which seems to be allowed to him by Yaska. 
It must be observed, too, that some other words which mean “sun” 
in classical Sanskrit, especially Savitr’i, Pdshan, and Aryaman are 
likewise Adityas in Vaidik mythology; and that Vishn’w also is an 
Aditya when he is identified with the sun in its three stages of rise, 
culmination, and setting (‘R’igveda,’ i, 22,17), Of other Adityas more- 
over we point out Varun’a (irom vi “ to surround,”—Greek, Odpayo). 
He is the “all-embracing heaven, the orderer and ruler of the universe; 
he established the eternal laws. which govern the movements of the 
world, and which neither immortal nor mortal may break; he 
regulated the seasons; appointed sun, moon, stars, and their courses ; 
ve to each creature that which is peculiarly characteristic... . From 
fis station in heaven Varun‘a sees and hears everything, nothing can 
remain hidden from him.” He is said to be the divinity presiding over 
the night, to support the light on high, and to make wide the path of 
the sun: he grants wealth, averts evil, and protects cattle. He is fre- 
mently invoked, together with Mitra, another Aditya, who is the 
ce ity presiding over the day, and a dispenser of water, (Wilson, 
‘ 


eda,’ i. p. xxxiv.) 
adoration of the sun is naturally connected with that of Ushas, 
“dawn,” or rather of Ushasas, “ many dawns.” “ She is addressed as a 
virgin in glittering robes, who chases away the darkness,,.,,. who 
a path for the sun, is the signal of the sacrifice, rouses all 
ings from slumber, gives sight to the darkened, power of motion to 
ag ae and helpless,” (Whitney, ‘ Journal Amer, Or. Soc.,’ iii, 

p. 322, 

The last divinities which deserve our special attention are the two 
As'wins. They are the sons of the sea, and are represented as ever 
young and handsome, travelling in a golden, three-wheeled, triangular 
chariot, drawn by an ass or two horses, and the precursors of the 
dawn. They are called Dasras,“ destroyers of fever or of diseases,” for 
they are the physicians of the gods, and Ndsatyas, “never untrue.” 
Many legends are connected with their career: they brought back to a 
father his lost child, restored the blind to sight ; they relieved 
one man of his old body by giving him a new one instead; they sup- 
plied another with a metal leg to replace the one he had lost in battle ; 

assisted seafarers in their perils, and soon, They are probably 
the two luminous points which precede the dawn ; some compare them 
with the Dioscuri of the Greek. 

The constellations are never named as objects of worship, and 
although the moon appears to be occasionally intended under the name 
Soma, i ly when spoken of as scattering darkness, yet the name 
and the adoration are in a much less equivocal manner applied to the 
Soma-plant. (Wilson, ‘ R’igveda,’ i. p. xxvi.) 

The great gulf which lies between this elementary worship of the 
Rigveda and the later mythology need not be pointed out; but it will 
not be without interest to observe that we already meet in its poetry 
with some of those names which assume so different a character in the 
epic poems and the Puran’as. Thus Rudra, the father of the Winds, 
becomes in the later mytho! another name for S‘iva, who is un- 
known to ~ Sewyr b heir Vishn’u, a name of the Sun, and 
one of the Adi is second nm of the later Hindu triad; and 
his epithet Trivikrama, or “ he who takes three steps,’ which means, 
as we have seen, the sun in its three stages, gives rise to the myth of 
_ the fourth Avatéra of Vishn’u, when, as a dwarf, he strides over the 
three worlds—earth, intermediate space, and heaven—and compels Bali, 
who threatened the sovereignty of Indra, to seek refuge in Tartarus, 

From the nature of this worship, and from the desire for food, 
cattle, and the like, so frequently e in the hymns, it has some- 
times been inferred that the condition of life as depicted in these 
hymns was that of a nomadic and pastoral people. There can be 
nothing more erroneous, if we look upon the actual collection of the 
hymns as a whole; as we did—and in the present state of Sanskrit 
philology are compelled to do—when drawing the previous sketch of 
the ancient Hindu belief. This collection, on the contrary, gives 
abundant proof that the Hindus of the R’igveda were settled in villages 
and towns, that they were a manufacturing people; for weaving, the 
melting of metallic substances, the fabrication of golden and iron 
mails, of ornaments, and the like, are not unfrequently alluded to. It 
is remarkable also that they were a and a mercantile people. 
Even a naval expedition against a foreign island is mentioned ina 
hymn (i. 116, 3). Tugra, a friend of the As’wins, we are told, “sent 
vr son) Bhujyu to sea, as a dying man parts with his riches; but you 

As‘wins) brought him back in vessels of your own, floating over the 
ocean, and keeping out the waters. Three nights and three days, 
Nasatyar, have you conveyed Bhujyu in three rapid revolving cars, 
having a hundred wheels, and drawn by six horses, along the Man § 
bed of the ocean to the shore of the sea. This exploit you achieved, 
As‘wins, in the ocean, where there is nothing to give support, nothing 
to rest upon, nothing to cling to, that you brought Bhujyu, sailing in 
a hundred-oared ship, to his father’s house.” We find them in pos- 
session of musical instruments, practising medicine, computing the 
division of time to a minute extent; and there is sufficient evidence 
in the hymns to show that they had not merely laws of buying and 
selling, but even such complicated laws of inheritance as we meet 
with in the most advanced period of Hindu life. According to the 
latter, for instance, a son is the heir of the paternal property, to the 


exclusion of a daughter, as she transfers her property, by way of 
dower, to another family. But in default of a direct male heir, the 
son of a daughter may perform the funeral rites, or, what is equi- 
valent, inherit the paternal property, provided that the daughter be 
appointed for such a purpose when given in marriage. (See Cole- 
brooke’s ‘ Digest,’ 3, 161, and yarious authorities quoted in Gold- 
stiicker’s ‘Sanskrit Dictionary,’ s.v, ‘ Aputrika,’) The same law is 
laid down in the following verses of Rigy. iii. 31. 1. 2. (Wilson’s trans- 
lation) :—“ The sonless father regulating (the contract) refers to his 
grandson (the son) of his daughter, and relying on the efficiency of 
the rite, honours his (son-in-law) with valuable gifts ; the father, trust- 
ing to the impregnation of the daughter, supports himself with a 
tranquil mind. (A son) born of the body, does not transfer (paternal) 
wealth to a sister; he has made (her) the receptacle of the embryo 
of the husband; if the parents procreate children (of either sex), 
one is the performer of holy acts, the other is to be enriched (with 


That so advanced a state of social life could not remain without its 
evils and vices is obvious; we find hymns which describe gambling, 
which speak of robbers and thieves, of secret births, of youths asso- 
ciating with courtesans. 

This sketch of the religious and social condition of ancient India 
rests, as mentioned, on the supposition of the R/igveda-Sanhita having 
always been that which it is now—in fact, on the native theory of 
the eternity of the Veda, In the beginning we quoted some passages 
from the ‘ Purfn’as’ which show that these late productions of Hindu 
religion look upon all the Vedas as created by Brahma; but we also 
pointed out that the poets of the hymns are held even by the oldest 
authorities to be inspired seers, who received them from the deities, 
Mr. Muir, in one of the most interesting and elaborate works of Sans- 
krit philology, the ‘ Original Sanskrit Texts,’ bas given other and very 
copious proof that the doctrine of ,the eternity of the Veda pervaded 
the poetry and the philosophical reasoning of ancient and medizval 
India; and we must content ourselves with referring for further detail 
to the third volume of this excellent record of the ‘Original Texts.’ 
It may suffice therefore to add that even the differences which exist 
between the various editions of the sacred texts were explained away 
by an ingenious theory. It says that “the Vaidik texts got lost in the 
several Pralayas, or destructions of the worlds; and since each Man- 
wantara had its own revelation, which differed only in the expression, 
not in the sense of the Vaidik texts, the various versions represent 
these successive revelations, which were remembered through their 
excessive accomplishments by the R’ishis,” (‘ Orig. Sansk, Texts,’ iii, p. 
231, 232,) In short, though according to this theory, a succession of 
revelations is admitted by the Hindu divines, they are conceived of as 
a reproduction of the first revelation, which comprised the whole bulk 
of the sacred text, ‘ 

The utter improbability of an original contemporaneousness of all 
the hymns of the R’igveda is such that a theory founded on it would 
scarcely require a remark for the non-Brahmanic student of Hindu 
antiquity. In reading these hymns, such a student would not fail to 
perceive that some describe the most primitive features, and others— 
as we have shown—the most complicated mechanism of social life ; 
that in some the first bud of religious life is perceptible, while others 
contain “ the full-grown fruit of long experience in thought, or mark 
the end, not the beginning, of a phase of religious development,’ In 
other words, he would perceive the gradual and historical growth of that 
oldest document of the Brahmanic creed, the R'igveda-Sanhité. But 
even the Brahmanic student could not remain indifferent to the fact, 
that the hymns themselves destroy this theory of the eternity of the 
Veda, built up, as it was, in a priestly and systematising age, There 
are passages, for instance, in which the R’ishis themselves describe 
themselves as composers or “fabricators” or ‘ generators,” not as 
“seers” of the hymns, “This hymn,” we read in one, “has been 
made to the divine race by the sages.” “Thus, O Indra,” says another, 
“have the Gotamas made for thee pure hymns; ” or, “ desiring wealth, 
men have fashioned (lit. fabricated) for thee this hymn, as a skilful 
workman (fabricates) a car;” or, “ thus have the Gr’itsamadas, desiring 
succour, fashioned (lit. fabricated) for thee a hymn, as men make 
roads ;” or, “ the sages generated a pure hymn and a prayer to Indra;” 
“Wise Agni Batavedas, I generate » hymn for thee, who receivest it 


with favour;” and so on in numerous other instances, (Muir, 
‘ Orig. Sansk. Texts,’ iii, ag A 40.) 
In other hymns, sa . Muir (Ib, p. 117), “the... . passages 


from the R'igveda either expressly distinguish between contemporary 
Riishis and those of a more ancient date, or, at any rate, make reference 
to the one or the other class, This recognition of a succession of 
R’ishis constitutes one of the historical elements in the Veda.” If this 
succession were simply one of the poets, it might seem, from a Brah- 
manic point of view, to be not incompatible with the theory men- 
tioned before; but it appears in conjunction with the narration of 
events, and thus excludes the possibility of their original comvity, 
“Those gods,” we read, for instance, “who formerly grew through 
reverence, were altogether blameless. They caused the dawn to rise, 
and the sun to shine for Vayu and the afflicted Manu;” or, “listen to 
S‘yivaswa pouring forth libations, in the same way as thou didst listen 
to Atri when he celebrated sacred rites,” (Comp. Muir, ‘ Orig, Sansk. 
Texts,’ iii. pp. 116-128.) 


Whichever view, therefore, one takes, it is clear that there are 
periods in the arrangement of those thousand and twenty-eight hymns 
which form the t R’igveda-Sanhité, and that the growth of the 
religious and social life of ancient India cannot be fully understood 
until we have a knowledge of the relative age at least of these hymns, 
since their real date may perhaps for ever remain as much beyond the 
control of philological research as it has remained hitherto. In some 
cases the description of events or the allusion to institutions of a 
domestic or public kind, in others the character of the religious notions 
expressed and the detail of the rites explained, miay lead to a surmise 
as to the chronological relation of certain hymns ; bat since the sound- 
neas of a criterion of this kind will more or less depend on nal 
feelings or views, a safer footing is obtained in those hymns where the 
Rishi himself refers to a predecessor who is the poet of another hymn, 
or to events anterior to him, met with however in other portions of 
R'igveda poetry. For there it is possible at once to establish a relative 
order in time between such h But as instances of this descrip- 
tion are rare, the real burden of proof will probably always rest with 
the linguistic facts that may be gathered from the various hymns. 
They are the stubborn monuments which raise their heads above the 
confusion created by the systematising arrangement of later times. 
As yet, however, Sanskrit philology has done little or nothing to 
enable us to see clearly in the mist of the gradual development of the 
Vaidik age, It is struggling even at present to save the very mehning 
of the Vaidik words, as handed down to us by native scholarship, 
and the grammatical explanation of the Vaidik commentaries, from a 
conceit which strives to substitute its own fanciful notions for the 
traditional lore—the only real means we possess for understanding 
these ancient texts. 

3 now we turn to the Sanhitds of the next two Vedas, our hewgors 
will be particularly engaged by the purpose for which they were 
collected, or, as observed before, tor which they were either entirely, 
or for the most part, extracted from the R'igveda-Sanhité. This pur- 
pose, we stated, was a liturgic one. The verses of the Samaveda were 
intoned at those sacrificial acts which were performed with the juice of 
the Soma-plant. A short account of the manner in which the libations 
of this juice were prepared and offered to the gods is given in the 
introduction of Stevenson's translation of the Samaveda, “The first 
thing to be done is to collect the Soma, or moon-plant, and the aran‘i- 
wood for kindling the sacred fire ; and this must be done ina moonlight 
night, and from the table-land on the top of a mountain. The moon- 

lants must be plucked up from the roots, not cut down; and after 
being stripped of their leaves, the bare stems are to be laid on a cart 
drawn by two rams or he-goats, and by them to be brought to the 
house of the Yajamana, the institutor of the sacrifice, for whose espe- 
cial benefit, and at whose expense, all the ceremonies are performed. 
The stems of the plants are now deposited in the hall of oblation.... 
bruised by the Brahmans with stones, and then put between two planks 
of wood, that they may be thoroughly squeezed and the juice ex- 
pressed. The stalks, with their expressed juice, are then placed over a 
strainer made of goats’ hair, sprinkled with water, and squeezed by the 
fingers of the officiating , one or two of which must be 
adorned with flat gold-rings. The juice, mixed with water, now makes 
its way through the strainer and drops into the Dron’a Kalasa, the re- 
ceiving vessel placed below, and situated at that part of the Yajnavedi 
(or sacrificial ground), called the Yoni,or womb... . The juice, already 
diluted with water, is in the Dron’a Kalasa further mixed with barley, 
clarified butter, and the flour of a.grain called by the Marathas wari, 
the Sanskrit names of which are nivdéra and tr’in'adhdnya. It is now 
allowed to ferment till a spirit is formed, after which it is drawn off for 
oblations to the gods in a scoop called sruch, and in the ladle called 
chamasa, for consumption by the officiating Brahmans. The vessel, 
scoop, and ladle, are all made of the wood of the catechu-tree (Mimosa 
catechu). Nine days are mentioned in thé Bhishya as required for the 
purificatory rites.... There are three oblations offt daily ; one 
early in the morning, one at noon, and one at night.” 
sacrifices at which such oblations were offered are very nume- 
rous, The principal one seems to have been the Jyotishtoma, a great 
sacrifice, which, if complete, consisted of seven sansthds or stages, each 
occupying the space of several days, The Miménsists, however, pro- 
bably yielding to the necessity of circumstances, consider the Agni- 
shfoma only, the first stage of the Jyotisht‘oma, as obligatory for the 
performance of this rite; while they look upon the six others—the 
Atyagnisht‘oma, Ukthya, Shod’as'in, Atiratra, Aptoryama, and Vaja- 
—as voluntary and supererogatory. “The Soma offering,” says Dr. 
ndischmann, in his ‘Dissertation on the Soma worship of the 
Arians,’ “was unquestionably the greatest and the holiest offering of 
the ancient Indian worship. ‘The sound of the trickling juice is 
regarded as a sacred hymn. The gods drink the offered beverage; they 
long for it (as it does for them) ; they are nourished by it, and thrown 
into a joyous intoxication : this is the case with Indra (who performs 
his great deeds under its influence), with the As’wins, the Maruts, 
and Agni. The beverage is divine, it purifies, it inspires greater joy 
than alcohol, it intoxicates S’ukra, it is a water of life, protects and 
nourishes, gives health and immortality, prepares the way to heaven, 
destroys enemies, &, The Simaveda distinguishes two kinds of 
Soma, the green and the yellow; but it is the golden colour which is 
for the most part celebrated.” (Muir, ‘ Orig. Sansk. Texts,’ iii. p, 471.) 
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And these exhilarating and inebriati perties of the plant, 
divested from their poctical sabtioa wee the gods, elt 
explain the religious awe in which they were held by a people 
learnt to experience their influence, and ascribed them 
mysterious cause. : 

Having explained before that the Simaveda verses are entirely taken 
from the R’igveda-Sanhitd, we may now show the artificial manner 
in which these extracts were brought together for the p' described, 
and how little value they possess as a poetical anthology. The 
Sanhitd of the Simaveda consists of two separate portions. “The first, 
called Archika, or Chhandograntha, is composed of five hundred and 
eighty-five verses; the second, called Staubhika, or Uttardgrantha, 
contains twelve hundred and twenty-five verses. The verses of the 
first are arranged into fifty-nine Das‘ati, or decades, subdivided p 
into Prapat‘hakas, or chapters, with another subdivision into Ar Z 
prapdt'hakas, or half-chapters, The second portion is also divided — 
into Prapdt'hakas with Ardhaprapdt'hakas ; these however are for the 
most part arranged according to triplets of verses, the first of which is _ 
already contained in the Archika portion, and thus appears twice in 
the Simaveda-Sanhité, This first verse is called the Yoni-verse, or the 
-womb-verse, that in which the two others—the, Utards—are 


the former—the modulations, disruptions of letters, stoppages, 


the Vhagdna and Uhyagdna, which comprise that of the Staubhika, In 
the hika portion, the verses of the R’igveda are nearly always 
isjoined from the connection in which they originally stood, while a 
somewhat greater continuity of extracts is hl in the Staubhika, 
In a very valuable synopsis given by Professor Whitney (in the second 
volume of Professor Weber's ‘ Indische Studien’), it is shown in what 
proportion these extracts were made from the R‘igveda; it enables the 
student moreover, by comparing both collections, to ascertain that 
the compilers of the Simaveda completely lost sight of the original 
nature of the Rligveda hymns, and of their poetical worth; that no 
respect was paid to the nae aiid of the poets’ thoughts, or to the 
motives which called forth their lays. Still, however inferior the 
collection of the Simaveda is to that of the Rigveda, so a 
the poetical greatness of the principal Veda, that it co not be 
entirely destroyed, even in the garbled assemblage of its verses in the 
Samaveda. é a 
But even this mite of wsthetical praise can scarcely be bestowed on 
the Yajurveda-Sanhitd, Like the Samaveda, it also is a liturgic book 
it also has largely drawn on the R’igveda hymns. But the diffe- 


oo 


principal Veda, and the second is marked by the circumstance that 

often combines with verses passages in prose, which are called yajus 
(lit. “that by which the sacrifice is effected”), and have given to the 
Yajurveda its name. Besides, the ceremonial for which this Veda was 
made up is much more diversified and elaborate than that of the 
Samaveda, and the mystical and ee allusions which now and 
then appear in the R’igveda, probably in its latest portions, assume a 
more prominent place in the Yajurveda. In one word, it is the sacri- 
ficial Veda, as its name indicates. Hence we understand why it was 
looked upon in that period of Hindu civilisation which was e ! 


R’igveda, where there is no system of rites. To aise for instance, the 
great commentator of the Vedas, who lived only four centuries ago, 
the poetry of the R'igveda, and even the collection of the Semaehdas 
are of far less importance than the Yajurveda. ‘‘ The Rigveda and 
Samaveda,” he says, in his introduction to the Taittiriya-Sanhité, 
“are like fresco-paintings, whereas the Yajurveda is the wall 
they stand” (Miiller, ‘Anc. Sansk. Lit.’ p. 175); and it is on the 
ritual works connected with the oldest recension of this Veda that the 
speculations of the MimAnsists, who refer their doctrine to the Sitras 
of Jaimini, are based. (Goldstiicker, ‘ Pan’‘ini,’ p. 9.) me 
There is one remarkable fact to be noticed in the history of this 
Veda, which has no parallel in that of the other Vedas, a schism to 
which its collection gave rise, and which ended in the putting forth of 
two Yajurveda texts, the one assuming the name of the the 
other that of the: White Yajurveda. The Vishn'u-Purdin’a, iii. 5. 2 
(and nearly in the same manner the Vayu-Purin‘a), contain the 
following legend concerning the origin of this schism: ‘ Yajnavalkya, 
son of Brahmarati, was Vais’ampfyana’s disciple, eminently versed in 
duty and obedient to his teacher. An agreement had formerly been 
made by the Munis, that any one of their number who should fail to 
attend at an assembly on Mount Meru ona certain day should incur 
the guilt of Brahmanicide within a period of seven nights. . Vais‘am- 
p4yana was the only person who infri ment, and he in 
consequence occasioned the death of his sister's child, by touching it 
with his foot. He then desired all his disciples to perform in his 
behalf an expiation which should take away his guilt, and forbade any 
hesitation. YAjnavatkya then said to him, “ Reverend sir, what is the 
necessity for these faint and feeble Brahmans? J will the 
expiation.” The wise teacher, incensed, replied to Ajnavalkya, 
“Contemner of Brahmans, give up all that thou hast learnt from me ;. 


I have no need of a Misobediont disciple, who, like thee, stigmatises 


to some 


OS ae 


because all the modifications which take place during the intonation of _ 


must be likewise observed at the chanting of the latter. These 
modifications are taught in the Gnas, or song-books, the Vi 
and Aran'yagdna, which contain the composition of the and 


rence we observe is that its contents are not entirely taken from the — 
it 


by superstitions and rites, as the principal Veda, superior in fact to the _ 
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these eminent Brahmans as feeble.” epneralnes rejoined, “It was 
from devotion (to thee) that I said what I did; but I, too, have done 
with thee; here is all I have learnt from thee.” Having spoken, he 
vomited forth the identical Yajus texts tainted with blood, and giving 
them to his master, he de at his will. The other pupils having 
then become transformed into idges (tittiri) picked up the Yajus 
texts, and were thence called Taittiriyas. And those who had by their 
teacher’s command performed the expiation, were from this perform- 
ance (charan’a) called Charakidhwaryus. Yajnavalkya then, who was 
habituated to the exercise of suppressing his breath, devoutly hymned 
the sun, desiring to obtain Yajus texts. [The hymn follows.) 

Thus celebrated with these and other praises, the sun assumed the 
form of a horse, and said, “ Ask whatever boon thou desirest.” 
YAjna then, prostrating himself before the lord of the day, 
replied, “ Give me such Yajus texts as my teacher does not Voom 
Thus supplicated, the sun gave him the Yajus texts called Aydtay@ma, 
which were not known to his master. ose whom these texts 
were studied were called Vajins, because the sun (when he gave them) 
assumed the shape of a horse (vajin).” (Muir, ‘Orig. Sansk. Texts,’ iii. 

. 32, 33.) 
Plamaree absurd this may be conceived to be, the two recen- 
sions of the Yajurveda which are preserved, plainly bear out the fact, 
that the “ White” Yajurveda is more recent than the “ Black,” and 
that the former is evidently intended as an improvement of the latter 
—whence it is but reasonable to infer that such an infringement on an 
existing text cannot have taken place without some, and probably a 
great, conflict between the followers of the one and the originators of 
the other. To understand, however, the nature of this improvement, 
we must advert to the character of the older text. 

Tt has been stated before, that each Veda consists of a collection of 
hymns—the Sanhita portion—and of a Brahman’a portion, which is 

ially intended for the explanation of the rites at the performance 
of which the hymns were employed. This division is maintained in 
its purity so far as the R’ig- and SAma-veda are concerned. It is greatl, 


Yeae hele ob iand Udgitri had to study their special ritual 
in order to know when an Utne eed their Sanhitis ought 
to come in at a certain rite. iT is motley character of the Taittiriya- 
Sanhita is probably indicated by the epithet “ Black,” or “ Dark,” which 
is given to the oldest recension of the Yajurveda; and though the 
Tittiris may be a real coorag hynlge rage Earle being 
“ partridge,” it is not impossible coincidence suggested 
the etymological legend mentioned above. Now, the impurity of this 
text, as intimated by the ea its “ darkness,” as it were, is removed 
in the “White” Yajurveda, which is ascribed to the R’ishi Yajna- 


valkya; for in the latter we possess a “ clear ” Sanhita and a “ clear” 
. Brahman’: 


‘a. 

The topics treated of in both redactions are on the whole the same, 
but they are differently placed, and vary sometimes in detail. The 
As'wamedha or horse sacrifice, which is merely alluded to in a few 
hymns of the R’igveda-Sanhité, is ri et in the Yajurveda with 
considerable i. The fact of six h and nine animals of 
yarious descriptions, domestic and wild, including birds and reptiles, 
being tied to twenty-one posts, and the intervals between them, at the 
performance of this sacrifice, may convey an idea of the complicated 
ritual which existed at the time when this Veda was composed. Of 
ceremonies, unknown to the other Vedas, we may mention also, the 
Purusha-medha or man-sacrifice—an emblematic ceremony, in which a 
hundred and eighty-five men of various specified tribes, characters, 
and are bound to eleven posts, and consecrated to various 
deities—the Sarva-medha or all-sacrifice, and the Pitri-medha or sacrifice 
to the manes. It is worthy of notice, too, not only that all the four 
castes, the institution of which cannot with certainty be traced to the 
period of the R’igveda-Sanhita, make their distinct appearance in 
the Yajurveda, but also that it contains many words which in the 
Bid oot of the epic and the Purin’as are names of S‘iva, the 

0 


ua triad. 

ittirt itd of the Black Yajurveda is arranged in seven 
Rén‘d'a or books, with forty-four Prapdt'haka or chapters, containing 
altogether six hundred and fifty-one Anuvdka or sections, divided into 
two thousand one hundred and ninety-eight Kan’d’ikd or portions, 
The Vdjasaneyi-Sanhitd of the White Yajurveda, in the MAdhyandina 
recension, is divided into forty Adhydya or lectures, with three 
hundred and three Anurdka or sections, comprising one thousand nine 
hundred and seventy-five Kan’d’ikd or portions. Other schools con- 
nected with either form of this Veda adopted other divisions, which, 
however, need not be adverted to here. 

That the Sanhitd of the Atharvaveda is not a sacrificial collection 
in the sense of that of the Sam4- and Yajur-veda we have explained 
already. It is divided into twenty Kdn’d’a or books, the first eighteen 
of which contain thirty-four Prapdt/haka or chapters, which comprise 
ninety-four Anurdka or sections : the seventeenth KAn’d’a consisting of 
one Prapat/haka only, which has no further subdivision ; the nineteenth 
Kan‘d‘a is not divided into Prapfithhakas, but simply into seven Anu- 
vikas ; and the twentieth contains nine Anuvikas, the third of which 
has three Parydyas. The Anuvikas in their turn consist of about 


six thousand verses. “ Its first eighteen books,” of which alone it was 
originally composed, Professor Whitney, the learned editor of the 
‘ Atharvasanhita,’ observes (* Journal of the American Oriental Society,’ . 
vol, iv. p. 254), “are arranged upon a like system throughout: the 
length of the hymns, and not either their subject or their alleged 
authorship, being the guiding principle; those of about the same 
number of verses are combined together into books, and the books 
made up of the shorter hymns stand first in order. A sixth of the 
mass, however, is not metrical, but consists of longer or shorter prose 
pieces, nearly akin in point of language and style to passages of the 
Brahman/’as. Of the remainder, or metrical portion, about one-sixth 
is also found amongst the hymns of the R’ik, and mostly in the tenth 
book of the latter; the rest is peculiar to the Atharva. Respecting 
their authorship the tradition has no information of value to give; 
they are with few exceptions attributed to mythical personages, 

“ As to the internal character of the Atharva hymns, it may be said 
of them, as of the tenth book of the R’ik, that they are the pro- 
ductions of another and a later period, and the expressions of a different 
spirit, from that of the earlier hymns in the other Veda. In the 
latter, the gods are approached with reverential awe, indeed, but with 
love and confidence also; a worship is paid them that exalts the 
offerer of it; the demons, embraced under the general name Rakshas, 
are objects of horror, whom the gods ward off and destroy; the 
divinities of the Atharva are regarded rather with a kind of cringing 
fear, as powers whose wrath is to be di and whose favour 
eurried for; it knows a whole host of imps and hobgoblins, in ranks 
and classes, and addresses itself to them directly, offering them homage 
to induce them to abstain from doing harm. The mantra, prayer, 
which in the older Veda is the instrument of devotion, is here rather 
the tool of superstition; it wrings from the unwilling hands of the 
gods the favours which of old their good-will to men induced them to 
grant, or simple magical power obtains the fulfilment of the 
utterer’s wishes. The most prominent characteristic feature of the 
Atharva is the multitude of incantations which it contains ; these are 
pronounced either by the person who is himself to be benefited, or, 
more often, by the sorcerer for him, and are directed to the procuring 
of the greatest variety of desirable ends; most frequently, perhaps, 
long life, or recovery from grievous sickness, is the object sought; 
then a tali , Such as a necklace, is sometimes given, or in very 
numerous cases cereal a endowed with marvellous virtues is to be 
the immediate ex means of the cure; farther, the attainment of 
wealth or power is aimed at, the downfall of enemies, success in love 
or in play, the removal of petty pests, and so on, even down to the 
gro of hair on a bald pate. There are hymns, too, in which a 
single rite or ceremony is taken up and exalted, somewhat in the same 
strain as the Soma in the Pavaménya hymns of the R‘ik. Others of a 
speculative mystical character are not wanting; yet their number is 
+ as might naturally be expected, considering the develop- 
ment which the Hindu religion received in the periods following after 
that of the primitive Veda. It seems in the main that the Atharva 
is of popular rather than of priestly origin ; that in making the transi- 
tion from the Vedic to modern times, it forms an intermediate step, 
rather to the gross idolatries and superstitions of the ignorant mass, 
than to the sublimated pantheism of the Brahmans,” (Ib. vol. iii, 

. 307.) 
The character of the Brdhman'a, or dogmatic, portion of the 
Vedas having been explained before, a short notice of the principal 
works of that class, and a few extracts from them, will illustrate the 
position they hold between the collection of hymns and the remainder 
of the Vaidik literature. 

The Brihman’a of the Bahvr'ichas, or the priests of the R‘igveda, is 
still preserved in two editions. The former—the Aitareya-Brdhman'a— 
consists of eight Panchikd or pentades of Adhydyas, thus comprising 
forty Adhyfyas or lectures, which in are subdivided into two 
hundred and eighty-five Khan'd'a or portions. The latter, the S’dn- 
ory alle ee which bears also the name of the Kaushitaki- 

mana, consists of thirty Adhyfyas, likewise subdivided into a 
number of Khan‘d’as. Both Brihman’as contain on the whole the same 
matter; but the difference of the manner in which their subjects are 
arran, and treated leads to the supposition that the first thirty 
lectures of the Aitareya-Brahman’a are older than those of the 
S/ankhdyana, whereas the last ten lectures of the former contain rites 
not explained in the latter, and are probably therefore more recent 
than the S‘ankhf4yana. These Brihman‘as do not follow the order of 
the hymns of the R/igveda-Sanhita, but quote them as they would be 
required by the Hotr’i priest for the performance of the rites described. 
In order to give an idea of the elaborate ceremonial which called these 
Brahman’a into life, and of the mysticism which connects them with a 
subsequent class of works, we will first give an abstract of an import- 
ant ceremony, treated of with great detail in the last books of the 
Aitareya-Brihman’a, and several times alluded to in the epic poetry 
of the Mahabharata and Ramayan’‘a,—the Abhisheka or inauguration of 
a king. 

This ceremony is either part of a Raéjasfiya, and performed by a 
king at the end of this sacrifice, or it is not part of a sacrifice, and then 
occurs at a king’s accession to the throne. For celebrating the 
former cerernony there must have heen prepared a throne-seat of the 
wood of the udwmbara (Ficus glomerata), resting on four legs a span 
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high, with boards placed on them, and side-boards of the dimensions 
of a cubit or two spans; the whole well fastened together with a 
texture made of cords of munja grass (Saccharum Munja) ; he skin, 
which is placed on the seat with the hair upward and the to the 
east, a large four-cornered ladle of udumbara wood, and a branch of 
the same. In the ladle have been put eight things: curd, honey, 
clarified butter, water ing from rain during sunshine, before it 
has fallen down, blades of S’ydma grass, sprouts, spirituous liquor, and 
Du’b grass (Panicum dactylon). To prepare a site for the throne three 
lines have been drawn on a place of sacrifice .... one southwards, 
another westwards, and a third northwards; the one to the south is 
that on which the throne is to be placed, with its front towards the 
east, so that the two feet to the north come to stand within the Vedi 
or sacrificial ground, andthe two to the south without; this latter 


spot occupied by the throne seat, is called Sit (comm., as a type of 
happiness or perity), The place within the Vedi being , but 
that without being illimited, this portion of the throne indicates that 


the sacrificer may obtain definite and indefinite wishes within and 
without the Vedi. The tiger skin is the type of increase of military 
power, for the tiger is the hero of the wild beasts; the udumbara wood 
of the throne, ladle and branch, is the type of etd age {gee and of 
food (which the sacrificer is supposed to acquire by this symbol) ; 
curd, honey, and clarified butter typify the essence of water and plants 
(curd and butter, as the commentator observes, because they originate 
in grass and water, which are the food of cattle; honey, because it 
originates in the juice of plants collected by bees); water proceeding 
from rain during sunshine, before it has fallen down, typifies lustre (or 
energy); and rain (being the consequence of oblations to the gods) 
holiness; grass and sprouts typify food, hence prosperity and 
progeny; spirituous liquor is the type of a Kshatriya’s power 
(comm., on account of its fierceness or hotness); Du’b grass (being 
the Kshatriya of the plants, and firmly established in the soil with 
its many roots) is the type of military power and of a firmly established 
rule. The principal features of the ceremony itSelf are the following. 
The king, who performs the sacrifice, kneels down at the back part of 
the throne-seat with his face to the east, and his right knee touching 
the ground, He then touches with his hands the throne-seat, and 
invites the gods to ascend it together with various metres—Agni with 
the metre Gayatri, Savitr’i with the Ushnih, Soma with the Anusht’ubh, 
Br’ihaspati with the Briihati, Mitra and Varun’a with the Pankti, Jndra 
with the Trisht’ubb, the Vis‘we Devds with the Jagati—for the pur- 
pose of obtaining “kingly power, righteous government, increase of 
enjoyment, independent rule, attainment of more distinguished quali- 
ties than those by other kings, coming (after death) into the 
world of Brahman, and obtaining there dominion, a Rope Belcan 
mastership, independence, and a long residence there.” The gods have 
arrived, and the king now ascends himself the throne-seat, first with 
his right and then with his left knee. The next ceremony is the pro- 
pitiatiun of the liquid in the ladle, which is performed by the priest, 
who will pour it over the king by reciting these verses (from the 
Atharvaveda): “ Waters, behold me with a favourable eye; with a 
favourable body touch my skin; all fires, for they reside in water, I 
invoke on your account ; do you produce in me beauty, bodily strength, 
and ;" and by the king repeating these words after him. If 
this propitiation did not take place, the liquid would destroy the vigour 
of the king. After this, the priest covers the head of the king with the 
udumbara branch, and pours the liquid over him while reciting the 
following three Rigveda verses; “ These waters are most propitious ; 
they have healing power to free from all disease; they are the aug- 
menters of kingly power and its supporters; they are immortal.” 
“With which Prajipati (the lord of creatures) sprinkled Indra, the 
king Soma and Manu, with these I sprinkle thee, that thou becomest 
king of kings in this world.” “The queen, thy mother, bore thee to 
be great amongst the great, and a righteous ruler over men; an aus- 
picious mother bore thee.” And this Yajurveda verse; “ The divine 
Savitr’i has given his consent, therefore, I pour (this liquid) over thee 
with the arms of the As’wins (comm., not with my own), with the 
hands of Pdshan, with the beauty of Agni, with the radiance of Sarya, 
and with the senses of Indra, for the sake of strength, prosperity, 
glory, and increase of food,” After the recital of other verses, b 

which spirituous liquor and Soma are intended to become identiied, 
the pyre the liquor, and presents the rest to a friend. He then 
places the udumbera branch on the ground, and prepares himself for 
descending from the throne-seat ; but while he is still seated, and pnts 
his feet on the ground, he says: “I firmly stand on heaven and earth, 
I firmly stand on exhaled and inhaled air, I firmly stand on day and 
night, I firmly stand on food and drink ; on what is Brahman’a, on 
what is Kshatriya—on these three worlds stand I firmly!” He then 
descends, sits down on the ground with his face towards the east, 
utters thrice the words, “ adoration to what is Brahman‘a!” and offers 
a gift (comm., a cow) to a Brihman’a. The object of this gift is the 
attainment of victory in every quarter, and over every description of 
enemies; and his threefold expression of adoration to-what is a Brih- 
man’a, implies that a kingdom pers and has valiant men when it is 
under the control of the man’‘as, and that a valiant son will be 
born to him. Then the king rises, puts fuel into the sacrificial fire, 
and takes three steps to the east, north, and to the north-east, while 
reciting several verses specified. Upon this he site down by the 


VEDA. 
domestic fire, and the Adh priest makes for him, out of a goblet, 
four times three oblations, with clarified butter, to Indra, while 


reciting 
other Rigveda verses. “A king for whom these libations are made to 
i hey! indicated manner, heen es free from chee Ln 
inj y enemies, is exempt from poverty, everywhere 
inst danger, and thus becomes victorious in all the pad wigs 
death, established in Indra's heaven.” 

The rites of the Abhisheka ceremony, which are performed at a 
king’s accession to the throne, are founded on the proceedings which 
are described as having taken when Indra was Sraeatonion by the 
gods as their supreme ruler, e latter are, as a matter of course, of 
an entirely mystical kind, Thus, the eight parts of his throne-seat are 
said to have consisted of SAmaveda verses ; of the threads of the tex- 
ture which was to hold this structure together, those that went length- 
wise were made of R'igveda-, and those that went cross 
Samaveda-, the intervals being Yajurveda-verses; the covering of the 


throne was the goddess of Glory, illow the goddess of Happiness; _ 
Savitri and Barat supported uly atten Five and Pdshan the 


hind-legs, Mitra and Varun’a the two top-boards, and the two As‘wins 
the two side-boards, of the throne-seat, The inauguration of the 
mortal king begins with the priest calling upon him to take the fo! , 
wath :—* If I (the king) do ever harm to thee, thou (the priest) ma; 


deprive me of all pious acts which I have done from the time of my 


birth up to that of my death, of heaven, and whatever else good has 
been accomplished by me, of long life and offspring.” He then orders 
his attendants to bring four kin: 


of fruits: the fruit of the J; Fe 
(Ficus Indica), of the Udumbara ( Ficus glomerata), of the readkal Mon 


religiosa), and of the Plaksha (Ficus infectoria) ; besides, four kinds of 
in: rice with small grain, rice with large grain, Priyangu, and 
barley. Next they bring at his command a throne-seat of udumbara- 


wood (made in the manner as described before), a ladle of udumbara 


(or, instead of the latter, a vessel of udumbara), and an udumbara 
branch. Then they put the various kinds of fruit and in the 
ladle or vessel, and pour over them curds, honey, clarified butter, and 
water proceeding from rain during sunshine, it has fallen down ; 
afterwards, having placed the ladle or vessel on the ground, they 
address the throne-seat with a Mantra, which recalls the component 
parts of Indra’s throne, and thus tends to identify both. Then the 
priest asks the king to ascend the throne-seat, inviting the Vasus, 
Rudras, Adityas, and the other divinities which were invited by Indra 
at his inauguration to ascend his throne, with the same metres 
songs, and for the same pu 
proclaim his high qualities in the same words as the gods 
the greatness of Indra; the priest recites a certain R’igveda verse, and, 
placing himself before the throne with his face towards the covers 
the head of the king with the udumbara branch, the leaves of which 
have been wetted, and with a gold Pavitra, and sprinkles him with 
the liquid (in the ladle or vessel) while reciting the three Rigveda 
verses, and the Yajurveda verse quoted above, and uttering the three 
sacred words Bhdér, Bhuvar, Swar, Lastly, he addresses the king 
with the prayer that the Vasus, the Rudras, and the other divinities 
who performed this ceremony for Indra in the east, south, &c., may 
severally do the same for him in thirty-one successive days, and to 
the mane ae! as Kowal did it os him, Of the ny yer of the 
sacred liquid, the Nyagrodha, being, on account of its wide spread, 
the king of the trees, and rice with small grains, being among plants 
principally productive of strength, 
grain of the latter are the type of the qualities of a Kshatra; the fruit 
of the udumbara and the grains of the Priyangu are the type of 
increase of enjoyment ; the fruit of the As'wattha and rice wi 

ins, the type of righteous government; the fruit of the P. 
the type of independent rule and attainment of more distinguis 
qualities than those possessed by other kings; barley is the type of 
military commandership ; curds, that of ess of the senses ; 
honey, that of the essence of plants and trees; and water is the type of 
freedom from death, or that of long life (because it nourishes). The 
ceremony having been completed, the king has to make a present to 
the inaugurating priest, namely, a thousand nishkas of gold, « field, and 
cattle ; but this amount seems merely to constitu 
acknowledgement of the exertions of the priest, for the text of the 
Aitareya-Brihman’a adds that “ they say, a king should give innume- 
rable, illimited presents, since a king is illimited (in wealth), and thus 
will obtain illimited benefit. to himself;” and it adds, too, several 
instances in which kings bestowed unbounded wealth on the officiating 
pine: ge the priest has received the gift, he hands to the king a 
goblet o: 
which has the power of transforming the ht ities of the liquor drunk 
by the king into those of the juice of the Soma-plant, Lastly, the 
king recites some other verses specified, (For a fuller account of 
this ceremony, compare Goldstiicker’s ‘ Sanskrit Dictionary,’ sv. 
‘ Abhisheka.’) 

As an illustration of those passages of the Aitareya-Brihman‘a, which 
partake more of an incantatory nature, we may quote the description 
of a rite which occurs in ita last chapter, and relates to rites to be per- 
formed, under the direction of a proper Purobita or chaplain, for the 
destruction of the king’s enemies. “ Foes, enemies, and rivals,” we 
read there, “ around him who is conversant with these rites. 
That which (moves) in the atmosphere is air (Brahman), around which 


of 


and 
Upon this the relatives of the xing 4 


the fruit of the former and the 


paper liquor in eciting an Spyeetians Rigveda hymn, ,— 
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perish five deities—lightning, rain, the moon, the sun, and fire. 
Lightning having Mahe, veo ag behind rain: it vanishes, and none 
knows (whither it is gone). en a man dies, he vanishes; and none 
knows (whither his soul is gone). Therefore, whenever lightning 
flashes, pronounce this prayer: ‘May my enemy perish: may he 
disappear, and none know (where he is).’ Soon, indeed, none will 
know (whither he is gone). Rain having fallen (evaporates and), dis- 
appears within the moon, &e. When rain ceases, pronounce this (prayer), 
&e. The moon at the conjunction, disappears within the sun, &c. 
When the moon is dark, pronounce, &c. The sun when setting, dis- 
appears in fire, &. When the sun sets, pronounce, &c. Fire, ascend- 
ing, disappears in air, &c, When fire is extinguished, pronounce, &c. 
These same deities are again produced from this very origin. Fire is 
born of air; for, urged with force by the breath, itincreases, Viewing 
it, pronounce (this prayer), ‘May fire be revived: but not my foe be 
reproduced ; may he depart averted.’ Therefore, does the enemy go 
far away. Thesun is born of fire. Viewing it, say, ‘ May the sun rise, 
but not my foe be reproduced,’ &...... The observance (enjoined) 
to him (who undertakes these rites, is'as follows) : let him not sit down 
earlier than the foe; but stand while he thinks him standing. Let 
him not lie down earlier than the foe; but sit while he thinks him 
sitting. Let him not sleep earlier than the foe, but wake while he 
thinks him waking. Though his enemy had a head of stone, soon does 
he slay him: he does slay him.” (Colebrooke, ‘ Misc. Ess.,’ i. p. 45.) 

The | narrated in this, as well as in other Brihman’as, intend 
always, as indicated before, to explain the origin of a rite, or to illus- 
trate its efficacy. Among those met with in the Aitareya-Brihman’a, 
we may point particularly to one, as it is remarkable in several respects. 
It had to be recited by the Hotr’i, sitting on a gold-embroidered carpet, 
to a king whose inauguration had been completed ; and another priest, 
sitting on a similar carpet, had to repeat the words of the Hotr’i. 
But a victorious king is likewise recommended to have this legend 
recited to him, though he may not have performed the sacrifice ; and 
a man desirous of progeny is. promised the birth of a son if it is pro- 

read to him. We mean the legend of S’unah’s‘epa. Its substance 
is as follows :— : 

Once upon a time there lived Haris‘chandra, a son of Vedhas, and 
a descendant of Ikshwiku. Though he had a hundred wives, he did 
not obtain a son from them. His desire, however, of having one became 
still stronger than it was, when Parvata and Narada visited him, and 
when Narada explained to him the boons a man derives from being 
blessed with the birth of a son. Following the advice of Narada, 
Haris'chandra addressed himself, therefore, to Varun’a, and promised 
the god to sacrifice him his son, if he granted him one. Varun’a 
assented to the offer. Now a son, who received the name of Rohita, 
being born to Haris'‘chandra, Varun‘a presented himself, and claimed 
the fulfilment of the compact. But Haris‘chandra said: “ Cattle is 
fit for a sacrifice when it is ten days old ; let him then become ten days 
Ses haste teens one — heft Le sen Et le -s ted is but the ten 

away, is’c again said : “ Cattle is fit for a 
sacrifice when it has got teeth; let him then get teeth, and I shall 
sacrifice him to thee.” Once more Varun‘a assented ; but when Rohita 
had got his teeth, his father said to Varun’a: “ Cattle is fit for a sacri- 
fice when it loses again his teeth; let him then lose his teeth, and I 
shall sacrifice him to thee.” Again Varun’a assented; but Rohita 
having lost his teeth, his father said to Varun‘a: “Cattle is fit fora 
sacrifice when it recovers its teeth; let him then recover his teeth, 
and I shall sacrifice him to thee.” Varun’a assented; but Rohita 
having recovered his teeth, his father said to Varun‘a : “ A warrior is 
fit for a sacritice when he is able to use his weapon ; let him then learn 
to use his weapon, and I shall sacrifice him to thee.” in Varun‘a 
assented ; and when Rohita knew how to use his weapon, his father said 
to him: “ Varun’a, my son, has given thee to me, and I[ shall sacrifice 
thee to him.” But Rohita took his bow and went to the forest, 
where he wandered about during a whole year. Varun‘a, however, now 
seized Haris'chandra, and made him swell. On hearing this, Rohita 
went about and met Indra, who enco d him to wander first for 
another, then a third, a fourth, a fifth, and a sixth year. 

At the end of this pes he saw in the forest a Rishi of the name 
of Ajigarta, the son of Suyavasa, who lived there in great poverty with 
his sons, S'unaspuchchha, S'wnah'sepa, and S'unoldngula. Rohita 
offered him a hundred cows if he gave up one of his sons to be 
sacrificed instead of him to Varun’a, Ajigarta accepted the offer, 
but retained his oldest son ; and his wife claiming the youngest, both 


those of 
the Udgatr’ preliminary rites having being fulfilled, no one 
could be found who would tie S’unah’s‘epa to the sacrificial post. Upon 
which Ajigarta offered to do this if they gave him another hun 

of cows. They did so; but though S’unah’s’epa now was tied to the 
post, no one would immolate him. Again Ajigarta came forward and 
promised to immolate his son if they would give him a third hundred 
of cows, They did so, and Ajigarta sharpened his knife and approached 


his son. Now S'unah’s'epa resolved to implore the gods to release 
him. He addresed himself first to Prajdpati with an appropriate 
Rigveda hymn, but the god told him to pray to Agni. Agni, invoked 
with another hymn, told him to pray to Savitri; and Savitr'i told 
him to address Varun’a; but Varun’a sent him once more to Agni, who 
now recommended him to praise all the gods with an appropriate 
hymn, S‘unah’s’epa obeyed; his ties were released, and Haris’chandra 
was restored to health. S’unah’s’epa, on his part, now instituted a new 
sacrifice. But when he placed himself at the side of Vis'wimitra, and 
Ajigarta claimed him back, Vis'wimitra replied: “No, the gods 
(devds) have given him (ardsata) to me ;” and from that time (he was 
no longer S‘unah’s‘epa, that is, Dogstail), but Devarata (@eodoros), 
the son of Vis'wimitra, (For a literal and excellent translation of 
this legend by Professor Roth, see Weber's ‘ Indische Studien,’ i. p. 
458, ff ; and for some additional remarks, ibid., ii. p. 112, ff.) 

After these instances, which will convey an idea of the contents of 
the Brahman‘a in general, we must content ourselves with giving the 
names of the other principal works of this category. For, the ditfer- 
ence which exists between them, however great, would be intelligible 
only if we could enter into the detail of the Vaidik rites, and into the 
growth of the legendary life which pervades this portion of the ancient 
literature of India. 

Suffice it therefore to state that the Brihman’a literature has found 
its greatest development in the train of that Veda which, as we might 
expect, would require more than any other Veda an explanation of the 
purposes for which it was formed—the Yajurveda, On the other hand, 
since the Sanhité of the Black Yajurveda is already a combination, as 
we have seen, of hymns and Brihman’a, it is intelligible that we find in 
connection with the White Yajurveda that Brihman‘a which, though 
probably the most recent, still is the most systematic and the most 
complete of all the Brihman’a. It is called the S‘atapatha-Bréhman’a, 
and is ascribed, like the Sanhité of the White Yajurveda, to Yajnaval- 
kya. It is, like the Sanhitd, preserved in the edition of the 
Médhyandina and in that of the Kanwa school. The former is divided 
into fourteen Kédn'd'a or books, which contain one hundred Adhydya 
or lectures; or into sixty-eight Prapdthakd (sections) with four 
hundred and thirty-eight Bréhman'a, and seven thousand six hundred 
and twenty-four Kan'd’ikd (portions). In the Kanwa edition it com- 

rises seventeen Kédn'd'a, with a hundred and four Adhydya, four 
undred and forty-six Brdhman'a, and five thousand eight hundred and 
sixty-six Kan'd'ikd. The first nine Kan'd’a of this Brihman’a follow the 
first eighteen books of the Sanhita almost step for step, in quoting 
their verses and explaining their application at the sacrifices. The 
last five KAn‘d’as, however, refer only partially—some even not at all 
—to the contents of the Sanhita, and may therefore be a later increase 
of this extensive Brihman’a, which is extremely rich in antiquarian 
and mythological contents; but, on account of its purely ritual 
r, cannot be understood without the complete and excellent 
commen of Sfyan’a. 

The Brihman’a of the Black Yajurveda is preserved in the school 
of the Taittiriyas, and bears the name of the Taittiriya-Brihman’a, 
differing but little in character from its Sanhitd. 

As regards the Simaveda, Sfiyan’a enumerates eight Brahman’as con- 
nected with it, namely, the Praud’ha (also called Tén’d'ya- or Pancha- 
vinsa), the Shad'vins'a, the Sdmavidhi, Arsheya-Brdhman'a, the Deva- 


’ tadhydya-Brahman'a, and the Upanishad, which, according to Professor 


Miiller (‘Anc. Sansk. Lit.’ p. 849) is probably the Ohhdndogya- 
Upanishad, The first two are the most important of these works, the 
Panchavins’a treating of the sacrifices which are performed with the 
juice of the Soma-plant, in rites which last from one to one hundred 
days. The Sha'dvins’a is remarkable on account of the incantatory 
ceremonies it describes ; it ends with a chapter on omens and the rites 
to be performed on. unlucky occasions, such as diseases, or at 
portentous occurrences, such as earthquakes, unusual phenomena, and 


the like. 

The Brihman’a of the ee is the Gopatha-Brdhman'a, 
“That it was composed after the schism of the Charakas and Vija- 
saneyins (the followers of the Black and White Yajurveda), and after the 
completion of the VAjasaneyi-Sanhita, may be gathered from the fact 
that where the first lines of the other Vedas are quoted in the Gopatha, 
the first line of the Yajurveda is taken from the Vajasaneyins, and not 
from the Taittiriyas. It is more explicit on the chapter of accidents 
than the Brihman’as of the other Vedas.... The ceremonial in 
general is discussed in it in the same manner as in the other 
Brahman’as.” (Miiller,‘ Anc. Sansk. Lit.,’ pp. 451, 452.) 

The Sanhité or collection of Mantra, and the Brihman’a, constitute 
that which is properly called the sacred literature of the Hindus, the 
Veda ; they are comprised under the name of S’ruti or revelation. 
But in speaking of the Veda we should not feel justified in leaving 
unnoticed that class of works, one portion of which is so inti- 
mately connected with it that it was held by later generations in 
the same awe as the Veda, whereas another portion has become so 
essential an appendage to it, that it was justly called Vedinga or “limb 
of the Veda, ‘ : 

The former category comprises the theological or theosophical writ- 
ings, which have sprung from the Brihman’a, and are perhaps more 
eee among European students than any other portion of the 

aidik literature—the Upanishads, The word Upanishad is rendered 


re 
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by the native dictionaries Yee oe yt S’ankara, the great Vedanta 
philosopher and glossator of the Upanishads, assumes that the 
word being derived from the radical sad,—with the prefixes upa and 
ni,—which amongst others has also the sense of “ destroying,” literally 


The ears burst out,—from the ears hearing,—from hearing the regions 
of space, &c,...... He reflected: Those worlds and protectors 
of the worlds (have been created), Let me now create food for them, 
He heated the waters (with the heat of his reflection), From them 
when heated, a being of organised form sprung forth ; the form which 


means the science which distroys erroneous ideas or 
European scholars, on the contrary, have expressed the belief that it 
“ means originally the art of sitting down near a teacher, of submis- 
sively listening to him” (from upa “ below,” ni “down,” and sad “ 
sit” (for instance, Miiller,‘ Anc. Sansk. Lit.,’ p. 319). But there is a 
strong probability that the word has been already used a Hindu 
grammarian, who preceded the existence of the Upani works, in 
the sense of “secret” (Goldstiicker, ‘ Pan‘ini,’ p. 141, note 164); and 
since this meaning is not incompatible with the logy of the 
word—which may signify “entering into that which is hidden "—it 
seems certain that at no period the Upanishads were looked upon as 
mere lessons imparted to their pupils by old divines, but as the 
mysterious science which, through bestowing real knowledge on the 
human mind, leads to the attainment of eternal bliss. 

For such is the object of all the Upanishads; and the knowledge 
they intend to convey is chiefly that of the production and nature of 
the world, of the properties of a Supreme Divinity, and of those of the 
human soul, which they conceive to be part of it. The same object is 
pursued, and the same views of the nature of the divine andthe human 
soul as in the Upanishads are entertained by the Vedanta philosophy. 
We ive therefore at once the close connection which exists between 
the Upanishads and this orthodox system of Hindu philosophy. Their 
difference, indeed, is merely that which separates the beginning from 
the end of a certain kind of philosophical reasoning. In the Vedanta 
the Hindu mind possesses a system which endeavours to deduct and to 
connect its ideas on the creation of the world, on the identity of the 
absolute and individual soul. Its method would not stand the test of 
our philosophical reasoning; but its explanations evidently aim at 
scientific precision and shortness of expression ; and they are generally 
free from mythological mysticism. In the Upanishads, on the con- 
trary, there is merely the material for a system of philosophy. The 
subject treated of by them is frequently dealt with in a desultory 
manner; it is intercepted by legends and allegories; it is adapted to 
the form of dialogues; it abounds in repetitions and verbose phrase- 
ology. But all these negative features of the Upanishads must 
be viewed in the mirror of the Hindu mind; and then we easily 
comprehend that, ible to the popular understanding of the 
educated, they became the basis of that more enlightened belief 
which at all periods of Indian history has struggled against the 
idolatry and the gross practices produced by a misconception of 
the sacred texts, and doubtless also by the interested motives of a 
degenerated class of priests, 

Within the circle of the Upanishad literature several periods are 
clearly distinguishable, though Sanskrit philology possesses no means 
of rendering them into intelligible dates. The first is that of the 
Aran'yaka. As the name indicates, and as it is explained by Katydyana 
in one of his criticisms on the great grammarian Pdn’ini, this class of 
Upanishads was studied in the solitude of the forests, apparently be- 
cause it was thought necessary that the mind should divest itself from 
all contact with the world when meditating on the mysteries of life. 
These Aran'yaka are more immediately connected with the Brahman‘a 
than the Upanishads properly so called. The Briihad-Aran’yaka, for 
instance, is a part itself of the S'athapatha-Brihman’a of the White 
Yajurveda; the Aitareya-Aran’yaka is added to the Aitareya-Brihman’a, 
and the Chhindogya-Upanishad, as we have seen, though not bearing 
the name of an Aranyaka, is counted amongst the Brahman’a of the 
SAmaveda. These works combine their speculations with a consider- 
able amount of legendary detail, in the same way as the Brahman’a them- 
selves; and they are held in especial respect on account of the obscure 
allusions in which they abound, A second class is much less burdened 
with mythological and allegorical detail; it is brief, and addresses itself 
more to the philosophical mind ; it comprises the greater mass of the 
Upanishad literature, and is apparently more recent than the Aran’yaka. 
A third and last category is marked by the tendency it has to reconcile 
the doctrines of later sects with Vaidik theology ; Upanishads belonging 
to it identify the universal Spirit with one or the other form of the 
a of the Trimirti, as it appears in sectarian belief. This latter 

escription of Upanishads is chiefly connected with the Atharvaveda. 
We choose as an instance of the Aran‘yaka class the following a 
from the Aitareya-Aranya :—“ This (world) verily was before (the 
creation of the world) soul alone, and nothing else whatsoever active 
(or non-active). He reflected: ‘ Let me create the worlds.’ He created 
these worlds, namely, the sphere of water, the sphere of the sun-beama, 
the sphere of death, and the sphere of the waters. The sphere of 
water lies above the heavens, 
of the sunbeams is the atmosphere; the earth the world of 

; the worlds which are beneath it, are the sphere of the waters. 

He reflected : These worlds indeed are created. Let me create the 
rotectors of the world. Taking out from the waters a being of 
see shape, he formed him. He heated him (by the heat of his 
meditation), When he was thus heated, the mouth burst out as the 
egg (of a bird)—from the mouth speech,—from speech fire. The 
nostrils burst out,--from the nostrils breath,—from breath the wind, 
The eyes burst out,—from the eyes sight,—from the sight the sun, 


e heavens are its resting place; the 


sprung forth is verily food. When created it cried (by fear), and tried 
to flee. He (the first-born male) desired to seize it by speech. Had 
he seized it by speech (all) would be satisfied by pronouncing food, 
He desired to seize it by breath; he could not seize it by breat 
Had he taken it by breathing (all) would be satisfied by smelling food, 
&c,.... Of what nature is the soul which we worship by the words 
‘this soul,’ and which of the two (the universal and individual) is the 
soul? (Are the instruments by which objects are perceived the soul, or 
the perceiver? No, not the instruments), Is it that by which the 
soul sees form, by which it hears sound, by which it apprehends 

by which it expresses speech, by which it disti hes what is o 


good, and what is not of good taste? The heart and the mind, know- — 


ledge about one’s self, knowledge about one’s power, the knowledge of 
the sixty-four sciences, the knowledge of what is practicable at this or 


another time, understanding of instruction, perception, endurance of 


pain, thinking, independence of mind, sensibility, recollection, deter- 
mination, perseverance, desire, submission—all these are names of 
knowledge (as an attribute of the soul in its modification as life, of the 
inferior Brahman, not attributes of the supreme Brahman, which is of 
no form whatsoever). This soul is Brahman (the inferior Brahman 
this Indra, this Prajpati, this all gods and the five great elements 
thelight.... ‘All this is brought to existence by knowledge, is founded 
on knowledge; the world is brought into existence by knowledge; 
knowledge itself is the foundation; Brahman is knowledge.” (Rover's 
‘ Translation of the Upan, Bibl. Ind., vol. xv, p. 28, ff.) ; 

In the Brihad-Aran‘yaka it is told that Janaka, the king of the 
Videhas, performed a sacrifice at which many Brahmans were assembled. 
The king having a great desire to know who among those Brahmans 
knew best the Vedas, tied a thousand cows in a/stable, and covered the 
horns of each of them with ten pida of gold. He then said to the 
pious men: “O venerable Brahmans, whoever amongst you is the 
best knower of Brahman shall drive home these cows.” The Brahmans, 
however, did not venture to come forward. Then said Yajnavalkya 
to his student: ‘‘ Drive home those cows.” But the Brahmans became 
angry, and began to examine the sage as to his knowledge of the Veda. 
“Then asked him Uddilaka, the son of Arun’a,” the legend continues, 
—“* Yajnavalkya,’ said he, ‘in the country of the Madras we abode in 
the house of Pantchala, of the family of Kapi, for the sake of studying 
the science of offering. His wife was possessed by a Gandharva. We 
asked him (the Gandharva), ‘Who art thou?’ He said,‘ Kabandha, 
the son of Atharvan’a.’ He said to Patanchala, of the family of ae 4 
and to (us) priests, ‘O Kapya, knowest thou that Thread by which 
world, and the other world, and all beings are bound he i! Ft 
Patanchala, of the family of Kapi, said, ‘I do not know it, O Vener- 
able.’ He said to Pantanchala, and to (us) priests,—‘ Knowest thou, 
O Kapya, that Inner Ruler who within rules this world, and the other 
world, and all beings?’ Patanchala said,—‘I do not know this, O 
Venerable.’ He said to Patanchala, and to (us) priests,—‘ O Kapya, 
whoever knows the Thread and the Inner Ruler, knows Brahman, 
knows the worlds, knows the gods, knows the Vedas, knows the 
elements, knows the soul,—knows all,’ Then (the Gandharva) said 
(all about the Thread and the Inner Ruler) to them. ‘Therefore do I 
know this, If thou, O YAjnavalkya, ignorant of the Thread and the 
Inner Ruler, hast taken away the cows (destined for the best knower of 
Brahman), thy head will certainly drop down.’ ‘I know verily, 
Gautama, the Thread and the Inner Ruler.’ ‘ Any one may say this, 
I know, I know, but tell the manner in which thou knowest.’ He said,— 
‘The wind, O Gautama, is the Thread ; 5 Bec) wind, as bya thread, are 
this world, the other world, all beings bound er, O Gautama, 
Therefore, O Gautama, it is said of a dead man, his members are 
relaxed; for by the wind, O Gautama, as by a thread, they are bound 

ther.’ ‘This is so, O YAjnavalkya; now explain the Inner Ruler.’ 

‘He who dwelling in the earth is within the earth, whom the earth 
does not know, whose body is the earth, who within rules the earth, 
is thy soul,—the Inner Ruler—immortal. He who dwelling in the 
waters is within the waters, whom the waters do not know, whose 
body are the waters, who within rules the waters, is thy soul,—the 
Inner Ruler—immortal. He who dwelling in the fire is within the 
fire, &e..... he who dwelling in the atmosphere, &..... he who 
dwelling in the wind, &e..... in the heavens, &e..... in the sun, 
in the regions of space, &c..... in the moon and stars, 
in the ether, &c..... in the darkness, &..... in the 
light, &c..... in all elements, &..... in the vital air, &c..... 
in speech, &c..... in the in the ear, &..... in 
the mind, &c..... in the skin, &c,.... in knowledge, &.....; 
he who dwelling in the seed is within the seed, whom the seed does 
not know, whose body is the seed, who from within rules the seed, is 
thy soul—the Inner Ruler—immortal. Unseen, he sees; unheard, he 
hears; unminded, he minds; unknown, he knows. There is none 
that sees, but he; there is none that hears, but he; there is none that 
minds, but he; there is none that knows, but he. He is thy soul— 
the Inner Ruler—immortal. Whatever is different from bim is perish- 
able,’” (Ib,, vol. ii, part iii., p. 199, ff.) 
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Upani of the second class is, for instance, the I's’a-Upanishad, 
derives an additional interest from the circumstance that it is 
i which forms part of a Sanhita itself, namely, of 

that of the White Yajurveda, and thus strengthens the proofs. which 
for the later recension of this Veda. Itrunsas follows : 
s exists in this world is to be enveloped by (the thought of) 
God (the Ruler). By ing the world, thou shalt save (thy soul). 
Do. not covet the riches of any one. Performing sacred works, let a 
to live a hundred years. If thou thus (desirest), O man, 

other manner in which thou art not tainted by work. To 
worlds, covered with gloomy darkness, go all the people, 
when departing (from this world), who are slayers of their souls. He 
(the soul) does not move, is swifter than the mind, not the gods (the 
senses) did obtain him, he was gone before. Standing, he outstrips all 
the other (gods, senses), how fast they run. Within him the ruler of 
the atmosphere upholds the vital actions. He moves, he does not 
move; he is far and also near; he is within this all, he is out of this 
Whoever beholds all beings in the soul alone, and the soul in all 
beings, does hence not wn (on any creature). When a man 
knows that all beings are even the soul, when he beholds the unity (of 
the there is no delusion, no grief. He is all-pervading, 
brilliant, without body, invulnerable, without muscles, pure, untainted 
is allwise, the Ruler of the mind, above all beings, and self- 


existent. He distributed spars Bang their nature the things for 

everlasting years. Those who worship ignorance, enter into gloomy 

darkness, into still on darkness those who are devoted to know- 
it 


to us. Whoever knows both, knowledge and ignorance together, over- 
comes death ignorance, and enjoys immortality by knowledge. 
Those who worship uncreated nature, enter into gloomy darkness, into 
still darkness those who are devoted to created nature. They 
co a eae ma hang ps uncreated nature, different 
from (worshipping) created nature. is we heard from the sages who 
explained (both) to us. Whoever knows both, created nature and 

together, overcomes death by destruction, and enjoys im- 
mortality by created, nature. To me whose duty is truth, open, O 
Pfishan, the entrance to the truth concealed by the brilliant disk, in 
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acts. Destroy our 
ion.” (Ib., vol. xv. p. 71.) 
and Upanishads connected with each of the 
powers Sg the Rigveda belong, the Aitareya- 
the Kausht yaka, the third book of which is 
panishad. The Upani of the Simaveda are the 
and the Kena-Upan To the Black Yajurveda 
Taittirtya-Aran’yaka, the four last books of which contain 
two Upanishads, namely, the Taittiriya- and the Nariyan’iya-Upanishad; 
besides the Sw , Maitriyan’a-, and Kat haka-Upanishad. 
‘yaka is attached to the Brihman’a of the White 
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a) of the nature of the divine and human soul. 
Jabali-, Sannyisa-, As‘rama-, and Hansa-Upanishad are some of 
those which describe the means by which deep meditation or the 
abstract union with the Supreme Soul can be obtained. A third class, 
as mentioned above, has a sectarian character, by identifying the 
Supreme Soul with Vishn’u or S/iva in their various forms; among 
those referring to Vishn’u we notice the Nariyan’a-, and the Nr'isinha- 
tapaniya-Upanishad ; among those connected with the worship of S‘iva 
we find the S‘atarudriya-, Kaivalya-, Skanda-Upanishad, and one called 
Atharvas’iras, (For a fuller account of this class of works, see Pro- 
fessor Weber’s ‘ Akademische Vorlesungen iiber Indische Literatur- 
geschichte,’ and his ‘ Indische Studien.’) 

While the Upani are the intermediate link between the Vedas 
and the later systems of Hindu philosophy, the Veddngas show us how 
scientific oped eget India from the soil of the sacred texts. 
If we consider the bulk of literature which is comprised by the Sanhitis 
and Bréhman’as, and the anxious desire which every Brahmanic believer 
must have felt to preserve it in its integrity, it is easily understood 
that in the course of time various means were devised for securing the 
correctness of ee ex, for guarding their sense against erro- 
neous interpretations, or maintaining in its purity a pi prac- 
tice of the rites which were taught in the Brihman’a, This ia the 
object of the Vedinga works, Brihman’a of the Simaveda speak 


of six Vedanga or “limbs of the Veda,” in other words, of six works or | part, 


classes of works which were instrumental in maintaining the integrity 

of the Veda. But it is not certain whether this Brihman’a means 

the same six Vedangas which have come down to us; Yiska, again, 
ARTS AND SCI. DIV, VOL, VILL 


alludes to Vedangas, but does not state that they were six. We must 
distinguish therefore between categories of works which were called 
Vv and between certain works which are the surviving repre- 
sentatives of these categories, but need not have been the first Vedinga 
works. 

The doctrines comprised under this name are the following :— 
Siikshd, Chhandas, Vydkaran'a, Nirukta, Jyotisha, and Kalpa. 

S‘ikshd is the science of a proper pronunciation. One little treatise 
only is considered as representing this Vedinga,—the S‘ikshé ascribed 
to the authorship of the great grammarian Pan‘ini, It consists in one 
recension of thirty-five, in another of fifty-nine verses, and treats of the 
nature of the letters, of the accents, and the proper mode of sounding 
them. A chapter of the Taittiriya-Aran‘yaka treats likewise of S/iksha ; 
but though it is possiblethat Pan'ini’s S‘iksha may not be the original 
Vedanga of this class, it is more than doubtful that this chapter of the 
Aran'yaka was ever considered as such. ; 

Chhandas means “ metre ;” and the Vedinga which is quoted by this 
name is referred to the authorship of Pingalaniga. But as the work 
of the latter treats of Prakrit as well as of Sanskrit metres, it becomes 
doubtful again whether we in it an original Vedanga work. 

Vydkaran'a signifies “ grammar,” but literally means “ undoing,” that 
is, analysis; for to the Hindu scholar grammar is linguistic analysis ; 
his grammar wn-does words and un-does sentences; it examines the 
component parts of a word, and therefore teaches the properties of a 
base and affix, and all the linguistic phenomena connected with both ; 
it examines the relation, in sentences, of one word to another, and 
likewise unfolds all the linguistic phenomena which are inseparable 
from the meeting of words. The most renowned representative of this 
science is Pdn’ini, who wrote a work in eight chapters, comprising 
thirty-two sections and three thousand nine hundred and ninety-six 
rules, three or four of which, however, probably did not belong to him. 
And so great was the renown of this wonderful labour, which may be 
placed at the side of the best grammatical works of any nation and any 
age, that Pan‘ini was looked upon as a R’ishi who had received it, by 
inspiration, from the god S‘iva himself. Pan’ini, it is true, quotes in 
his work various grammarians who preceded him, but MY ogee is 
fae by the grammar of PAn’ini, which has remained, up to this 

y, the standard for Sanskrit speech. We may add; that his work 
was criticised and amplified by KatyAyana, who in his turn was criti- 
cised by Patanjali, a ian who lived in the middle of the second 
century before Christ; and that these three grammarians are con- 
sidered to be the greatest authorities in the science they taught. 
Pfn'ini only can be held to be the representative of the Vedinga we 
are ing of. Nor should the Vyikaran’a be confounded with a 
class of w which apparently s' in a closer relation than itself to 
the Veda Sanhités—with the Bratis‘Akhya works ; for though the latter 
are concerned in Vaidik language alone, whereas Pin/‘ini’s work is even 
more engaged in teaching the classical than the Vaidik dialect, their 
aim and their contents materially differ from those of the Vyakaran‘a. 
Their object is merely the ready-made word, or base, in the condition 
in which it is fit to enter into a sentence or into composition with 
another base. They are nowise concerned in analysing or explaining 
the nature of a word or base; they take them such as they are, and 
teach the which they undergo when they become part of a 
spoken hymn. ether there existed at one period other Pritis‘akhyas 

those which have survived, it is not easy to say in the present 
condition of Sanskrit philology ; but it has been proved that the pre- 
sent Pritis’akhyas are even more recent than Pain‘ini’s work. (Gold- 


than | stiicker, ‘ Pan’ini,’ p. 183, ff.) 


Nirukta, or “ explanation,” is represented by the Nirukta of Yaska, 
which is the oldest attempt, known to us, of an explanation of obscure 
es of the Vaidik itas. “It is important, however,” says 
fessor Miiller (‘ Anc, Sansk., Lit.,’ p. 154), “ not to confound Yiska’s 
Nirukta with Yaska’s Commentary on the Nirukta, although it has 
become usual, after the fashion of modern manuscripts, to call that 
commen Nirukta, and to distinguish the text of the Nirukta by 
the name of Nighan’t‘u. The original Niruktas that formed an integral 
part of the V ga literature, known to Yaska himself, can have con- 
sisted only of lists of words arranged according to their meaning, like 
that upon which Yaska’s Commentary is based. ... . Siyana gives 
the following account of this matter :—‘ Nirukta is a work where a 
number of words is given, without any intention to connect them ina 
sentence. .... The first part (of the Nirukta) is the Naighant’uka, 
the second the Naigamia, and the third the Daivata..... The word 
Nighantu applies to works where, for the most part, synonymous 
words are taught. Therefore, the first part of this work also has been 
called Naighant’uka, because synonymous words are taught there, In 
this part there are three lectures : in the first, we have words connected 
with things of time and space in this and the other worlds; in the 
second, we have words connected with men and human affairs; and in 
the third, words expressing qualities of the preceding objects, such as 
thinness, multitude, shortness, &c. Nigama means Veda, As Yaska 
has quoted many passages from the Veda, which he usually introduces 
by the words, “ For this there is also a Nigama;” and as in the second 
, ing of the fourth Adhyaya, words are taught which usually 
oceur in the Veda only, this part is called Naigama, Why the third 
part, consisting of the fifth Adhydya, is called Daivata, is clear. The 
whole work, consisting of five Adbyfyas and three parts, is called 
QQ 
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Nirukta, because the meaning of words is given there i of 
anything else. -A commentary on this has been composed by Yaska, in 
twenty Adhyfyas. This also is called Nirukta, because the real mean- 
ing conveyed by each word is fully ne therein.’” 

The fifth Vedanga is called Jyotisha, or“ astronomy.” Its object was 
to teach how to fix the proper time for the performance of 

acts, It isa Vaidik calendar, There is but one manuscript work, in 
the wey. of the India Office, which would seem to to this 
eategory, but it is difficult to say whether it may aspire to the proud 
mh uh Ved the the Kalpa, is cr a b 

The edinga, on contrary, the Xalpa, ya 
great number of works, several of which are preserved manuscripts 
in our libraries. Xalpa means “ceremonial,” and the works of this 
class are the code of the Brahmanic rites. It was stated before that 
the Brihman’a portion of the Veda contains explanations of the pur- 
poses fur which the verses of the Sanhitds were used, in consequence 
that it conveys a knowledge of the Vaidik rites. This knowl y 
however, which apparently sufficed for the period at which these wor 
were composed, must have been deemed insufficient at later ages, 
which required a more copious detail for a proper performance of the 
rites. Moreover, the Brihman’a, as a first attempt, are wanting in 
pa arrangement of the matter they contain, and abound in 
egendary narratives, which interrupt their comment on the sacrificial 
acts. The Kalpa-Sitras remedy this practical defect ; they contain a 
complete system of the Vaidik rites according to the Veda to which 
they belong. Of such Kalpa-Satras, those connected with the cere- 
monial of the R'igveda are, the Sttras of S'inkh4yana, As'walayana, 
and S’aunaka. Kalpa-Siitras explaining the rites of the Samaveda are 
those of Mas‘aka, Lat'yAyana, Gobhila, Drahydyan'a, and a Sitra called 
Anupadastitra, which explains the ceremonial taught in the Panchavins‘a- 
Brihman’a. Kalpa-Sfitras of the Black Yajurveda are the Apastamba, 
BaudhAyana, SatyAshAdha-Hiranyakes'in, Manava, Bhiradwaja, &c.; of 
beh Yajurveda, that of Katyiyana; of the Atharvaveda, that of 

Two other classes of Siitras gradually completed the code of these 
Kalpa works, which, in being founded on S’‘ruti or the Veda, bear also 
the name of S’rauta-Sdtra, namely, the Gr'ihya- and the Sdmaydchérika- 
Sétras. The Gr'ihyaSftra describe the domestic ceremonies, as dis- 
tinct from the great sacrificial acts enjoined by the S'rauta or Kalpa 
works : “ First, the marriage ceremonies ; then the ceremonies which 
are performed at the conception of a child, at various periods before 
his birth, at the time of his birth, the ceremony of naming the child, 
of carrying him out to see the sun, of feeding him, of cutting his hair, 
and, lastly, of investing him as a student and sending him to a Gurn, 
under whose care he is to study the sacred writings... .. It is only 
after he has seryed his apprenticeship rok pel: up to manhood that 
he is allowed to marry, to light the sacrificial fire for himself, to choose 
his priests, and to perform year after year the solemn sacrifices prescribed 

Rrar'iti and S’ruti. The latter are described in the later books of the 

rihya-Satras ; and the last book contains a full account of the funeral 

ceremonies and of the sacrifices offered to the spirits of the departed.” 
(Miiller, ‘ Anc, Sansk. Lit.,’ p. 204.) 

The Sima: ka-Satras regulate the relations of every-day life. 
“Tt is chiefly in them that we have to look to the originals of the 
metrical law-books, such as Manu, Y4jnavalkya, and the rest.” (Ibid., 
p. 200.) Both these Sitras are comprised under the name of Smérta- 
Sttra (from Smr’iti, “ tradition’), as they are based on it. Of the Gr'ihya- 
Sitras of the R’igveda, we possess those of S‘inkhfiyana and As'wali- 

ana; a Grihya-Sitra of the Simaveda is that of Gobhila; the 

ajurveda in both its recensions seems to have had many Sitras of 
this kind. Of the Black Yajurveda, we name ly the Baudha- 
yana; and of the White Yajurveda, the Piraskara Gr’ihya-Sitra. 

We conclude these usttisins of the principal works of the Vaidik 
literature with mentioning another of compositions which arose 
from the desire of securing the integrity of the Vaidik texts, as well as 
the traditional and exegetic mate: connected with them,—the 
Anukraman't, or Indices to various portions of this literature. The 
completest of this kind is that by Katydyana, to the R'igveda-Sanhitd, 
It gives the first words of each hymn, the number of verses, the name 
and family of the poets, the names of the deities, and the metres of 
every verse. Its name is Sarvdnukraman’t,—that is, “ the index of all 
things ;’ and it seems to have improved on four similar writings which 
preceded it and are ascribed to S’aunaka, For the Yajurveda there 
are mentioned three Anukraman't, for the SamAveda two, and there is 
one for the Atharvaveda. (Miiller,‘ Anc. Sansk. Lit.’ p. 215, ff. 

It would be but natural to ask, what date could be assigned to all 
or any of the various works which have been named in the course of 
this brief sketch of Vaidik literature; but Sanskrit philology is as yet 
not able to anawer this question opening & It may offer conjectural 
dates according to the impressions of the individual mind, but it is 
bound to avow that past research has not provided it with facts which 
would im to ite ery pe surmises any degree of plausibility. 

VEDANTA. (Sanskerr Lancvaoe anv Litrxatvne, col, 269.) 

VEDUR. [Veapan. 

VEERING, or WE G (from the French, virer), is that move- 
ment of a ship in which, su her to have been previously sailin 
with the wind on either bow, she is brought, ber heed being tarned 
to leeward, into such position that the wind is on the other bow, and 


an opposite tack, A reference to our word 
during that 


Ww the ship's head is 
ce enc cree memmere uite the reverse, 


a th Pig 0! peormgem epee: be not too 
near a point of danger, proposed may pee veering, 
and the evolution is thus ace When, in ariting to lecriade te 


u 

it before dus wind when, the velocity 
the ship's head begins to turn towards the wind, which will then be on 
the opposite bow. The helm being now 

after-sails set, the ship comes rapidly into the 

This evolution is frequently the one 


pose) cme e velocity to Bagi of bad i 
vantage of veering is that, during the evolution, some- 
times carried far to leeward, and the loss tapumaein alg oan 


When a heavy sea is running, veering is a ous operation, as 

a infeed trees’ ibe Sellowing ingame ring hard Ge a 
experience in seamanship is required in order to the decks 
ing swept by the waves. ere are two wh 


head t off the wind, and is seudding, as in jig. 2. In either case 
the ing of the sea upon deck might destroy everything thereon, if 
Fig. 2, 


it did not lead to the foundering of the vessel. The latter case is that 


of a ship receiving a sea over the stern, when she is said to have been 
“pooped.” In small fore and aft vessels, and especially in open 
veering is attended with some risk even in moderate weather, 
should be always done with caution; the sudden “ swag 
mainsail and boom from one side to the other as the wind catches 
vessel upon the other quarter, may snap the boom with the sudden- 
ness of the jerk, or capsize the vessel altogether. To obviate this it is 
proper to round in the main sheet as it comes aft, and then check and 


ease it. 
Box-hauling is an evolution similar to that of , and is put in 
seen ahead. 


ractice when a rock or some other is 
Hf it be sup that the ship is close hauled, the after-sails 
are to be taken up, the helm turned a-lee, and the head-sails laid back ; 
by these means the ship’s head begins to turn from the wind, and her 
forward motion is arrested. As the ship’s head continues to turn, the 
wind ns to act on the after-surfaces of the head-sails, giving a small 
motion forward; and then the helm is shifted so as to co-operate with 
the wind in causing the ship’s head to fall farther off. The rest of the 
evolution is similar to that which is performed in the act of veering, 
VEGETABLE ALKALOIDS, [Bast; Organto Bases.} 
VEGETABLE CASEIN. [Leoumty.} 
VEGETABLE GREEN. [Cotovrrno Martens.) 
VEGETABLE IVORY. [Ivory.] 
VEGETABLE LEATHE LeaTHER MANvracture.] 
VEGETABLE PARCHMENT, [Parcument, VeorTaBie.] 
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VEGETABLE ROUGE. [CarTuamrn. 

VEGETABLE SCARLET. [Carmrxe. 

VEGETABLE SILK. [Smx Manvracture.] 

VEGETABLE WAX. = 

VEGETO-SULPHURIC ACID. [Svcar.] 

VEINS, DISEASES OF. The p nyaiology of the veins may be 
found in the article Crrcvtation, in Nat. Hist. Drv. : in the present 
ipal diseases will be described. Of these the most 


. their . 
skin below them, either spontaneously or after 
injuries, ulcers form, which, in consequence of the circulation 
im through the dilated veins, are very tedious in healing. 


been proposed ; but the best are only ive. A tem remedy 
is afforded the recumbent posture, in which the of the veins 
chprtsendly Becittiagaersery the column of blood: constant advan- 
tage is afforded by the wearing of a well-applied , or of an 
eee etna er onan 8 seinen premene is Spied to proved the 
further distension of the veins. The obliteratior val Wiens. 

be effected by cutting or them in various ways, or 'y- 
tion colder: ©7 tree: the asoes omer tne rer 
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ulceration, between an artery and a vein, the latter is dilated by the 

force of the arterial blood into a circumscribed sac. [ANEURISM.] 
The most serious disease to which the veins are subject is acute 

inflammation, or itis. It sometimes occurs after the slight wound 


SURES EE atid? Wieating’; 18 io tains conenion tiiar cpavetidis 


upon 
varicose veins; and yet more frequently occurs after amputations. of 


bs. Slight cases of bitis not unfrequently come on, as if 
pradcensen 9. Letty cst th tudor vole The di 


is | or quickness, and would be soon disposed of, if it were not 


effused into the cavity of the ‘vein, and into the tissue of its walls, 
rendering them thick and hard; the vein and the tissues immediately 
around it become exquisitely tender, and the parts whose blood 
should be returned through the diseased vein are usually 
cedematous. In a further stage pus is effused into the cavity of the 
vein, and, mixing with the blood, it may pass into the general current 
of the circulation, though more commonly the vein is obliterated above 
the chiefly inflamed part by lymph deposited on its walls, and thus 
the passage of pus into the circulation is prevented. With the local 
inflammation of phlebitis a state of low typhoid fever, with muttering 
delirium and great exhaustion, is usually combined; and under these 
the patient dies. 

In connection with suppurative phlebitis a condition often occurs 
to which the name of purulent diathesis has been given. Its chief 
characteristic is, that collections of matter form coincidently in many 
different parts of the body, most frequently in the joints, lungs, and 
liver, accompanied by a kind of fever similar to that which attends 
phlebitis. It has been thought that this state depends on pus formed 
in an inflamed vein being carried into the circulation, and deposited 
again in some remote part; or that there is a kind of metastasis of 
suppuration from the vein to the parts secondarily affected. But cases , 
occasionally happen in which all the signs of the purulent diathesis are 
well marked, although no vein is diseased ; so that there isno necessary 
connection between the disease and phlebitis, although in the tendency 
to suppuration the veins generally take a prominent place. The most 
probable explanation of the disease is, that some morbid matter, such 
as is formed in the decomposition of the discharge from sores or wounds, 
is introduced into the blood, whose chemical composition it impairs, 
engendering a state in which pus is apt to be formed, and in which, as 
in oid fever, every function is seriously disordered. 

e treatment of these cases of acute phlebitis and purulent diathesis 
cannot be laid down in general terms. Very commonly the former 
requires the coincident employment of large local bleedings, and of 
medicines and regimen calculated to maintain the patient's strength. 
The due observance the indications for one or both of bres pro- 

ings affords the only prospect of success; but most uently the 
fest dlescted means are ineffectual. oe ¥ 

One of the most fatal forms of phlebitis is that which affects the 
veins of the uterus and the neighbouring parts after labour, and which 
chiefly constitutes one of the diseases included under the name of 
pu fever. Pi ia dolens, or phleg alba, is due to 
oe itis of a less severe kind affecting the iliac or femoral vein, or 

, and many others adjacent to them. By obliterating the venous 
trunks, and preventing the circulation through them, the disease gives 
rise to the firm cdema, accompanied by the tightness and glossy 

eness of the skin of the leg and thigh, which peculiarly indicate it. 
t occurs sometimes, but rarely, after exposure to cold: its usual origin 
is in a comparatively slight inflammation of the veins of the pelvis of 
women durin, cy, or after delivery, which extends from them 
to the veins of e lower extremity. It is attended by the same tender- 
ness and hardness of the diseased veins as exist in other cases of 
phlebitis ; and in its treatment, as in theirs, the general state of the 
patient’s health, and the degree and extent of the local affection, 
considered together, must determine the measures to be adopted. 

VELLUM. [Parcument. 

VELOCITIES, VIRTUAL. [Vrervat Vetocrrtes.] 

VELOCITY. This word, rendered into English, is simply swiftness 
t various 


circun d with its measure and calculation render its 
consideration one of the most useful exercises which the student can 
have, not only in mechanics, but also in pure mathematics, And since 
the views which must be developed in treating properly of this word 
are almost identical with those which arise in explaining the meanings 
of other words aay as important, we have made references from all 
quarters to this cle, which, though they will increase its length, 
will upon the whole save room. 

The difficulty in the way of a beginner, which he meets with in 
acquiring a clear notion of the measure of velocity, is the tendency to 
confound the velocity and its measure ; a tendency which is increased 
by any elementary work which hastens too rapidly to the mathematical 
treatment of the word. The consequence of this confusion is (since 
the measure of velocity must be a length described, or rather a length 
capable of being described) a want of power to distinguish between the 
space which a 'y does describe in a | ed time, and that which, 
judging from its velocity, it seems to going to describe at the 
eB of that time. Hence arise many notions mathematically 
false : these might perhaps be ented by attributing volition to the 
moving particle, poh distingnis ing between its apparent intention at 
the beginning of the given time and that which it actually accomplishes 
in the given time. Such an illustration would probably receive no 
approbation ; but the errors to which it would lead would not be of 

least consequence in mathematics. 

A point is in motion, and during a certain second it moyes over ten 
feet: if the same thing should happen in preceding and succeeding 
seconds, there is a presumption that the body is moving uniformly at 
the rate of ten feet a second; that is to say, there is a presumption 
that, in any portion of time whatsoever, during its motion, there is a 


, length described which bears to ten feet the same proportion as that 
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© satay Peagp edbocy ego" But this is a presumption 
t does one second, 


equal or nearly equal. It would be useless, in aeuins 
with which _ es four miles an hour, to seat e prima that 
no person uni that in every step the centre of gravity 
of the body moves up nat son, shetty! most rapidly when it is at 
the highest, and most slowly when it is lowest. But for mathematical 
purposes a correct measure of speed must be obtained, and the pre- 
ceding account would at first seem to lead to the inference that it is 
impossible to have such a measure. Nor indeed has velocity yet 
received its definition in this article, at least not its measure: we have 
spoken of velocity and of its changing, but without alluding to any 
mode of estimating the quantity of change. But there is that about 
the word which needs no definition: when we say that the railroad 
carriage moves “‘ faster” than the old , or that two bodies 
which set out together and keep together are always moving “at the 
same rate,” there is no need of explanation of the words which are in 
marks of quotation. And we must now refer to the considerations in 
UnstrorM, as a constituent of this article, showing that we may 
have a perfect idea, both of velocity that it is a magnitude, and that 
there is such a thing as uniform velocity, previous to any definite ideas 
of the most proper mode of measuring even that uniform velocity, to 
- go no farther. 
If a body move uniformly, it is customary at once to lay down as 
the measure of the velocity the space described in a given time, 
usually the unit of time, a second, a minute, an hour, as the case 
may be. So far as the great object of calculation is concerned, this 
definition is perfect : by instituting measures of velocity, we can but 
want to answer one or other of these questions ; Where will the moving 
point be at the end of a given time? or, In what time will the moving 
point pass over a given length? The body moves at the rate of v feet 
a second, it moves over vt feet in ¢ seconds, and moves over the 
wth s feet in s-+v seconds. Let us now take a point moving with 
a variable motion, that is, not describing equal lengths in equal times, 
say a Rg descending by its own weight ina vacuum. In the first 
second it falls 16 feet; but in the first half of this second it falls 
only 4 feet, and the remaining 12 feet in the second half-second. 
The space described in one second is therefore no measure of the rate 
of motion during that second, and it is now to be asked, What is the 
way of obtaining a measure of the speed after any interval has elapsed ? 
t is ren & itself, when it cannot for want of uniformity be 
ascertained by the space described in any given time? If the action 
of gravity were removed at the end of that time, so that the point 
would go on uniformly with its last acquired velocity, how much 
would it then describe in one second? All these questions are the 
same, and the answer cannot be given without the introduction of 
the notion of a limit, whether with or without the forms of the 
differential calculus. At the end of the time ¢ seconds, let the moving 
point be at a, distant by s feet from the fixed point 0. During 


4 


o a “ 
the ing fraction A of a second, let it describe the further 
aB(=k). The length & is then moved over in the time h, and, 


if the velocity were uniform, that velocity would be k—A feet in one 
second; for as h is to 1 (second), so (on the supposition of uniform 
velocity) is & to the space which would be described in one second. If 
AB were very small, we might reason (with tolerable exactness) as 
follows : In a very small time the change of speed will be slight, and the 
motion of the t nearly uniform, though not absolutely so ; whence 
we may say, without material error, that ax is descri as witha 
uniform velocity at the rate of k--h feet per second. The process 
which the tician adds is the following :—The error of the 
preceding process, small when / is small, becomes smaller when h is still 
smaller,and may be diminished to any extent: that is, little as may be the 
departure from uniform motion in moving through a small pit is 
leas in moving through a smaller. If, then, instead of making é simply 
small, and then finding /-+-h, we diminish 4 without limit, and find the 
limit towards which 4+-h approaches, we find that uniform velocity 
which may be said to represent the speed of the point in passing 


A, 80 far as any uniform velocity can be said to do so, Using 
such as supposes the point to have volition, we have, in the 
limit of k=A, the length per second with which the point 


t moves in such a way 
or 
tional. 
obtain 


& 
k=h+2th+lé ait Urh 


At the end df three seconds, what is the velocity? Ji from the — 
length described during the ing fraction h (and t=3), 


we should say that, kA being 
iminishing h without limit, 


, and ph is the len 
is really described is 7h +4?; so that the errors are h? and (7—p) 
h+)2, which are in the ratio of h to 7—p+h. Now it lier fn 
we have supposed) from 7, the first error diminishes wi t limit 
as com) 
so that, of all 
best re} its 


iform velocities, 7 feet per second is the one which 
e motion of the point in any time following 


: small 
the end of the third second ; and the better the smaller the time. 


It appears then that we do not, speaking, undertake to say 
at what rate the point is moving at the 
fictitious uniform rate best represents, i y 1 
at which it is moving. This will, for a moment, seem rather unsatis- 
factory to the student who imagines that he has got an 
of velocity, and here he should compare his notion on this subject with 


impossible to declare, experimentally, the existence of uniform velocity, 
had no imperfections, upon the e: -f 
parisons of any finite equal spaces, however 
assurance of the limit of kh being the same wherever tee pas 
A might be placed, would give mathematical evidence of the ity 
being uniform. 

In all cases, then, by the velocity of a point in motion, at any 
particular period of its motion, is to be understood the limit of 
ratio which the increment of the length described bears to the 
ment of the time pee in the description of that increment of 
length. That is, if length be measured in feet, and the time 
seconds, and if k be the fraction of a foot described in the fraction of a 
second h, the limit towards which the fraction k divided by the fraction 
h continually tends while / is diminished without limit, is the number 
of pod second which, we may say, expresses the rate of motion at 
the period in question. The student of the differential calculus will 
now have no difficulty in altering the sys i into the following 
form: if the ] s be described in the time ¢, the velocity (x) at 
the end of the time ¢ is thus expressed : 4 


v= =, 


dt 


If y be any function of #, and if « represent the number of units of 
length described by a moving point in the time ¢, and y the same for 


with the second, when ’ diminishes without limit: 
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another moving point, and if y=@z, we have by the rules of the 
differential calculus : 


dy _ dy de 
dt ~ dz dt" 
Here dy: dt and dx : dt, represent 7 and z, Newton's Fiuxrons of 
y and «x; and dy : dx is obviously the same thing as¥:z. The term 
fluxion merely means velocity, and, after all, there can be formed no 
clearer notion of a differential coefficient than one which is formed 


from a consideration closely resembling the fluxional one. If y be a 
function of x, dy : dx is the rate at which y is increasing, as compared 
that at which « increases, Thus if y=2*, fps Haag ser 
when «=10 is 4000. What does this mean? We say that nothi 
can answer more clearly than the following : If a number be imagi 
to be ually increased [VArtaBLE], by the time it becomes 10 its 
fourth power will be, at that instant, increasing 4000 times as fast as 
ACCELERATION is the increase of velocity; and in the article cited 
acceleration 


uniform been considered, and its laws deduced, if not 
with the forms, yet on the principles, of the differential calculus. 
Precisely the same di ies come before us in the development of 


. In fact, by the acceleration is meant ‘the 
a the velocity, the velocity of the ity. Suppose 
the velocity, first, to increase uniformly: that is to say, let b feet be 

ER that proportion for all times 


=a 


s=at+4be 


starting. Here at is the length 

erie ee eer ee pee Seve twa conical 
returning to i . velocit; 

that at a, and a ee hrs 
the two positions: that is, sup) that ata 
to move as if it meant (continuing our illustration) to 
; but that by the time of coming to 
would describe v+/ feet in the next 
velocity were uniformly given, that is, if 

in the time 4h its velocity had become v +41, in 4h, v+4/, and so on 
ight then infer that the ion at a, 
that is, the rate at which velocity is then increasing, measured by the 
Seteey reared s. Legrane, sas sanond a8 the maine rete, is ih: 
‘or as h is to one second, so is / gained in the time h to what would be 
that rate. But if this supposition be not true, 
if the speed receive une additions in equal times, we must 
in to reason as before, and to find what ( ing the same 
Rog Bipcatle ay intention of the velocity, If / be added 
e small time A, it will be added nearly uniformly ; 

more nearly, and so on: in such manner that 
ing, 1h is a sufficiently good representative of 
eration, when / is small, the (uniform) rate 
acceleration which represents the state of things at a is the 
is deduced by making / diminish without limit. And 
again, copying our own preceding words, we do not undertake to 
say at what rate the velocity is increasing when the moving point is at 
fictitious wniform rate of increase best represents, at the 
variable of increase which would be detected if 
bese na pV pam Ser sg Salpeter gh ede a And hence, 
if acce ion, the student of the differential calculus 


and also rdv=wds. 
Thus if the motion of the point be such that in ¢ seconds there are 
described ¢* + ¢4 feet, we have as follows :— 


s=O +e, v=30 + 46, w=6t412F 


At the end of two seconds, then, the state of things is this :—the 
point has advanced 8+16 or 24 feet, and if allowed to move on 
without further change of velocity, would describe 12+ 82 or 44 feet 
in the next second, and has the velocity 44 (feet) in one second; while 
at the same time there is an acceleration taking place which would, 
if allowed to remain uniform for one second, add 12 +48 or 60 to the 
making it 44+ 60 or 104 at the end of the third second. But 
of acceleration is itself increasing, since at the end of the 
third second the velocity is 27 + 324 or 351. 

So far the subject, all notions connected with it, fall within the 
province of pure mathematics: if there were no such thing as either 
matter per lp = ees 2 mules to cccioatye 1h ae 
migh i . It is very much to iat 
between the pathesation doctrine of selon aa the 
laws of matter is unduly made, and at too early a stage, by the appli- 


ES 


Acceleration would be what we have described it 


ing force, instead of simple acceleration, to | force. 


to be, if matter were not inert, if it moved by its own volition, or on 
any supposition whatever, provided only that it moved. Why then 
should a theory be made to supply the name of a result antecedent to 
that theory, and which would be perfectly true even if that theory 
were false? The uence of this is, that when the laws of matter 
come to be applied to the mathematical expressions of motion, things 
are taken for granted which ought to be learnt. > 
The connection between these two subjects is made in the manner 
described in the article Forcr, according to which it appears that if 
the weight of a particle be w, and if (this weight being taken away, as 
by laying the particle on a table without friction) a pressure be con- 
exerted upon it such as would be produced by a weight P, in 
any direction in which it can move freely, the amount added to the 
velocity will be uniform, at the rate of 32°19 pw feet in every 
second, Hence the following equation :— 


32°19 P dv se ab 
Wig ra dt 1 6as10" aes 

For example, what pressure must act uniformly for one second on a 
le of 7 ounces weight, to add 13 feet per second to its velocity, or 
that the rate of motion at the end of that second may be 13 feet per 
second greater than at the commencement? Here dv : dt=13, w=7, 

and the answer is A 

7x13 


P= 30-19 = 2°83 ounces, 


The numerical divisor 32°19, the uniform acceleration of bodies 
falling free in vacuo at the earth’s surface, is usually denoted by g, and 
the factor w+g usually stands for the Mass of the body, or the measure 
of its quantity of matter. Hence the following equation :— 


_y@. 
Ree oe? 


and this remains true, whatever unit of mass be employed, provided 
only that the which is called unity shall be that which, 
exerted for one second upon the unit of mass, shall add a unit to the 
velocity. [Variatioy.] And now comes another consequence of the 
application of the term force to the simple consequence of force, acce- 
leration. The word is wanted again to signify this ure which 
produces acceleration, and for distinction the pressure is called moving 
force. (Momentum; Movina Forcr.] So, then, the name of the 
pressure which acts and produces continual accessions to the speed is 
moving force, while the name of the rate of acceleration is accelerating 
force. To mend this confused use of terms, some writers endeavour 
to create a notion of moving force independent of the pressure ; but as 
they always end in saying that the moving force varies as the pressure 
and never tell us more of its definition than that it is the product of 
the mass and acceleration, they might save themselves trouble, and 
their readers also, if they would simply establish the above equation, 
where P means the —- which produces acceleration, and that 
pressure is the unit of its kind when it is of that magnitude which 
creates in the unit of mass a unit of velocity per second. 

As we are now differing from men of deservedly good authority, 
both at home and abroad, and intending to make our assertion ina 
more ve manner than is usual with us, we may be excused for 
dwelling a little more upon the subject. If we consider the natural 

ing of moving force and accelerating force, it is obviously as 
follows :—Moving force is force which makes motion; accelerating 
force is force which makes acceleration, or increased motion. Were the 
distinction ever so ne , these words would be very bad ones, and 
would always obstruct the learner. Nor does this origin of the word 
moving force—namely, that which produces Momenrum—give any 
help ; for the synonyme for momentum—namely, quantity of motion, 
meaning really quantity of matter moved multiplied by the velocity— 
is a perversion of words of the same kind. To momentum we have no 
objection ; it is a Latin word to which an English ear may easily be 
familiarised in any sense, If geometers had chosen to an equi- 
lateral triangle a momentum, the etymological student might have been 
startled, but the shock would soon have been got over; but if they 
had called the same figure a quantity of motion, every beginner would 
have been puzzled, and the impression would have been lasting. But 
returning to the two species of forces, so called, we find a double 
inconsistency : the idea of motion is introduced into the word which 
only means pressure (for moving force is but |g east while the idea 
of pressure is introduced into a word which has only reference to 
motion (for accelerating force is but acceleration), There are two 
distinct and leading ideas in mechanics, pressure and motion: on 
keeping them perfectly distinct till the time comes for joining them 
experimentally it must depend whether a student sees mechanics to be 
a science or not. If any one should say that pressure producing 
motion ought to be distinguished from pressure which is in a state of 
equilibrium with other pressures, we could not of course raise any 
objection : let, then, moving force and resting force be used in these 
two senses, with a clearly ex distinction. Here force would be 
synonymous with Pressurg, in the derived or secondary sense of the 
article cited. But let acceleration be then acceleration, not accelerating 


The Comrosrrios of velocities and accelerations is so easily proved, 
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that we do not think it necesary to } this article by dwelling | 082; by which we mean that if the then acting in the 
upon it. Two of a sort, whether vel negberpabnt wrt: Balas directions of x and y were allowed to continue uniform for one seco! 
upon one particle, at any one instant, are valent to a third repre- would alter the velocities in the direction of eg bo 
sented in magnitude and direction by the of a 6 


parallelogram, 
the two sides of which represent in magnitude and direction the two 
components. And by the law of motion which is com called 
the second (Moriox, Laws or], the several accelerations act 
on any particle in any given directions may have their effects com- 
puted separately without any error being introduced. If. then, sup- 
posing a particle to move in a plane, the pressures P and Q be applied 
to it in the directions of the co-ordinates x and y, the mass 
of the particle being mu, we have 

Px 
Mop =? 0 SY 2 


equations which are only true on the supposition that there is this 
connection between the unit of mass and that of re, namely, that 
the latter acting on the former during one unit of time shall add to the 
line which represents its velocity one unit of length. These equations 
are enough to determine the equation of the curve in which the 
particle must move, P and q being given functions of both x and y; and | 
the time of motion through any are of the curve s is then fi from 
the following equation :— 


ds\2 ds 
ry, =2f (edz + ady) or dt = Finder Sele)” 


It is not here our business to proceed further with the consequences 
of the definitions of velocity and acceleration; but we must explain a 
point which will arise in our subsequent article on VintuaL VELO- 
crrres. When we have the means of actually ascertaining the motion 
of a particle of given mass,—that is to say, of finding at every instant 
its actual place, its velocities in the directions of its co-ordinates, and 
its accelerations in those directions,—we are prepared to assign the 

which must act upon it in those directions, at the instant we 
are speaking of, either in mathematical units of pressure, as before 
described, or, if the reader please, in pounds or ounces averdupois. 
To show this, let us propose an instance, as follows :—A particle whose 


/ 


pel 


weight (if weight were allowed to act) is 10 ounces, moves uniformly 
along the arc of a parabola o Pp (whose focus is 8, 0s being half a foot) 
at the rate of 2 feet per second: What pressures in the directions of 
ow and wp (or of z and y) are necessary to keep up the motion; and 
in what are the pressures and the velocities at the it P at 


which nr=8 feet? The equation of the curve is 2y= z*, whence 
we get 

dy dx 

ae" da" 
Or the velocity in the direction of y is to that in the direction of « 
always as z to 1, 


But, s being the are op, we have 


ds d# de dy 
a>" art gent 
dat 4: ae teh 
whene Fa "ipa 7 TF 


At the point in question y=%, 2*=6, from which the velocities in | The 


directions of x and y are found to be + 4/(#) and + «/¥, or ‘756 
© positive signs, since both motions obviously 

their co-ordinates. Differentiate the last equations 

we have,— 

dz Px 8x dz 

a da ~~ +e ae 


dex 


gt _8e dz 
ad dé * (+e? & 

Px oe ut MD 

a ~~ (+a) ae = Aya’ 
or the velocity in the direction of z is always retarded, while that in 
the direction of y is always accelerated. And at the point in question 
we have ~44/6-+-49 and 4+-49 for the accelerations, say —-200 and 


* We bave not entered into the distinction of meaning between positive and 
negative velocities and accelerations, since the question is a purely algebraical 
y to be d here if the a really und d algebra, 


1'852 to *756—200 and 1°8524 "082, The weight of particle, 
if weight * were allowed to act, being 10 ounces, the pressures wl 
would produce the preceding accelerations are, in ounces— 
10 4x and 10 4 

~ $219 (+a 82-19 (+ 24)?’ 
the pressures in the direction of # being in the direction from x 
voor pene At the point in question these presssures are —*062 and 
“0 ounces, 

The pressures thus derived from the motion which actually 
place, by means of the acoelerations dx; d@ and d*y : dé, are 
alin the <fpslektrest Set wee BAND ee eee 

ly act. 


is true that these ae be cre Rati which Be 
pressures produce different erations upon the same mass; or to 
one acceleration there is but one peoteces pressure, the masa being 
given. But it may happen that forces actually impressed, or the 
suegring actually employed, at the point F. may an 
rom those which just produce the motion th ; 
fonexample that the mass r were attached to the mass q by the rigid 
rod PQ without weight ; and suppose such forces to be applied at P r. 
Q as, whatever may become of Q, cause P to move 
parabola in the manner aboye déscribed. We may 
number of different motions to Q, and for each motion 
assign an infinite number of which, being applied 
will give the two their supposed motions. But in no 
cases can the total amounts of pressure applied 
directions of « and y, be any other than those which are 
lated above: whatever may be the pressures actually 
the thrust or pull, as the case may be, of the rod PQ, will 
is necessary to make all the forces that act on P (those 
and that arising from the said thrust or pull) er 
the pressures above calculated. This is the f ion of D'A 
principle, (FORCES, IMPRESSED AND EFFECTIVE; VIRTUAL VELOCITIES, 
The connection between velocity and ure is not only obscure 
by phrases as cloudy as “moving force,” but also by the use of th 
unit of mass instead of the unit of weight. This measurement b 
masses instead of weights is so convenient and so desirable on r 
grounds, that it cannot ultimately be dis: with ; but at 
outset the student should be taught to reduce the new 
proceeding into terms of that With which he is then belies aha 
A beginner in the theory of gravitation is not allowed to have the 
least idea of the amount of the attractions of the several 
each other in pounds or tons, or any other unit which he 
understand. d we should not be surprised if who can 
compare the sun’s attraction upon the earth with 
upon the moon, so as to find either of them when 
would be ya hg AS not riage puzzled 
comparing er 0 em wil e weights grocer’s 
Undoubtedly there would not be much of astronomical lity in te 
P Yerenere but for clear conception of the meaning and mode of 
erivation of mechanical results, nothing can be of more importance 
than the actual com of all results with those which are best — 
known, because actually felt and perceived. a 
VELVET, a variety of manufactured silk, remarkable for the soft- 
ness of its surface. Velvet was unknown at least several centuries 
after the introduction gay woven silks; and it is not mentioned in 
any documents earlier the 18th century. For a long time the 
manufacture was confined to Italy, where, particularly in 
Florence, Milan, Lucea, and Venice, it was carried on to a great 
It was subsequently introduced into France, and brought to A apse per- 
fection. On the revocation of the Edict of Nantes,in 1685,this branch __ 
of weaving was begun in England by the refugees, : { 
The peculiar softness of velvet is owing to a loose pile or surface of 
threads, occasioned by the insertion of short pieces of silk thread 
doubled under the shoot, weft, or cross threads, These stand upright 
so thickly as entirely to conceal the interlacing of the warp and 
richness of the velvet depends upon the closeness of 
threads, The insertion of these short threads is effected in the 
ing manner :—Instead of having only one 
be crossed alternately over and 
seta, one of which is to form 
constitute the pile; and these 
to be kept separate. The 
much more than that of the 
or to the loom by a different agency. 
worked in among the in the same way 
the fabric would be simply a kind of double 


standing 

these hope wi hove Ai algpmomgy the pile 

are formed in a very way. After th 

shuttle three times across, making the shoot interlace three 
* The weight has been throughout supposed to be 
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lel with the shoot. The 
placed as to occupy a position through the whole breadth of 
the fabric, above the warp-threads and below the pile-threads. The 
treadle is then put to work, the alternate threads of the warp raised, 


605 
among the threads of the warp, he inserts a thin straight brass wire at 
80 


his 


wards brushed up and dressed, constitute a ion of the pile, suffi- 
ciently long to hide completely the woven fabric beneath, Two wires 
are employed, because if one only were used, the pile-threads would 
become disarranged when it was removed. When the liberated wire 
has been again inserted, and three shoots thrown to secure it, the 
second line of loops is cut and the second wire removed; and so on 
during the weaving of the whole length. 

Striped velvets are produced by some of the pile-threads being 
uncut, The slowness and delicacy of this branch of manufacture may 
be judged from the fact that forty or fifty insertions of the grooved 
wire are made in the space of one inch, the loops of the pile being cut 
an equal number of times. In addition to the other complications, the 
weaver has to use two shoot-threads, and consequently two shuttles ; 
for the shoot thrown immediately after the insertion of the wire is 
stouter than the two following. It is considered to amount to a good 
day’s work when one yard of plain velvet has been woven. Cotton is 
now employed, as well as silk, in the manufacture of velvet. The 
different varieties of fustian are a kind of cotton-velvet. 

Among recent inventions in the velvet manufacture, one, by Mr. 
Gratrix, is applicable to velvets in which the pile is produced by the 
weft, and the cut made in the direction of the warp. e pile-threads 
are woven on a series of fine longitudinal knives with elongated points. 
The knives are stationary, and have their cutting ends attached to a 
bedding-frame, Simultaneously with the weaving, the portions of 
weft intended to form the pile slide consecutively upon the points of 
the knives as the cloth is woven; and the weft, when it arrives at the 
cutting portions of the knives, is severed. Another arrangement, 
the same inventor, is for severing the pile without cutting at 
Wires are woven in with the threads, so as to leave the pile above 
them ; es bea between two peculiarly-formed rollers, which press 

the fi over each wire, and thus liberate all the wires. Some 
of the processes recently introduced enable the weaver to cut and 
emboss the velvet at the same time. 

VENA CONTRACTA. {Hypropynamics.] 

VENDOR AND PURCHASER. The law of vendors and pur- 
chasers of real estate in England is a subject of great extent, which 
may be said to comprise nearly the whole practical application of the 
law of real property. 

Contracts for the sale and purchase of land or other real estate may 
be entered into either privately between the parties, or upon a sale by 
auction. At common law, ents for the purchase of real estates 
might be made by parol, but by the Statute of Frauds (29 Car. II. 
c. 3, a3. 1, 2, 3, and 4), “ All leases, estates, interests of freeholds, or 
terms of years, or any uncertain interest of, in, or out of any messu- 
ages, manors, lands, tenements, or hereditaments, made and created by 
livery and seisin only, or by parol only, and not put in writing by the 

ies so making or creating the same, or their agents thereunto law- 
fully authorised by writing, shall have the effect of leases or estates at 
will, any consideration for making any such parol leases or estates not~- 
withstanding.” But leases not exceeding years, whereupon the 
rent reserved should amount to two-thirds of the full improved value, 
are excepted. The act requires the assignment, grant, and surrender 
of existing interests to be in writing, and enacts that “no action shall 
be brought whereby to charge any person upon any agreement made 
upon any contract or sale of lands, tenements, or hereditaments, or 
any interest in or concerning them, unless the agreement upon which 
such action shall be brought, or some memorandum or note thereof 
shall be in writing, and signed by the party to be c therewith, 
or some other person thereunto by him lawfully authorised.” The 
note or memorandum of agreement required by the statute need not 
be a formal document, and any writing, such as a letter, or receipt for 
purchase-money, may constitute an agreement within the statute, pro- 
vided it contain the terms of the agreement within itself, or by 
reference to another ners, | cle if the document be written by the 
party, the occurrence of his name anywhere in the document isa 
sufficient signing. 

Upon sales of estates by public auction, the highest bidder, upon 


being declared the purchaser, is considered to have entered into a con- 


tract for purchase according to the particulars and subject to the 
conditions of sale; and the auctioneer, who is for this purpose con- 
sidered as the agent of both vendor and purchaser, is thereupon 
authorised to sign an agreement of purchase. The writing down 
the purchaser's name upon any memorandum of sale at the time of 
the bidding is a sufficient signing. Sales by auction of lands are 
within the above-mentioned enactments of the Statute of Frauds; but 
sales before a master under a decree of a court of equity will be carried 
into execution although the purchaser did not subscribe any agree- 
ment, for the judgment of the court in confirming the purchase takes 
it out of the statute. The subject of the sale and purchase of estates 
is discussed at length in Sugden’s (now Lord St. Leonards) and Dart’s 
‘Treatises on the Law of Vendors and Purchasers of Estates.’ 

VENEERING, in cabinet-work, is the art of laying thin leaves, 
called veneers, of a valuable kind of wood upon a ground or foundation 
of inferior material, so as to produce articles of elegant appearance at 
smaller cost than if they were made solid, or composed entirely of the 
ornamental wood which appears on the surface. Small veneers are cut 
by hand with a thin saw, the block being held firmly in a vice; but 
large ones are usually cut by machinery, for a notice of which see 
Saw-Mitu. They are carefully brought to the right thickness by fine 
planes ; cut precisely to the required shape; and then glued down to 
the ground, which should be of dry wood, with strong glue. If the 
form of the article will permit, it is then put in a press until the 
glue is dry; but if not, the newly-laid veneers are covered with a 
board, which is pressed down either by weights or by poles abutting 
against the beams in the roof of the workshop. In veneering on curved 
surfaces a somewhat different course is pursued, but with the same 
object, that of keeping the veneer in its place until the glue is suffi- 
poses Rae to hold it securely. The work is afterwards finished with 
very fine planes and scrapers, and polished with fish-skin, wax, and a 
brush or polisher of shavegrass. 

It may here be mentioned, that before the saw-mills were rendered 
applicable, the elder Brunel devised a mode of cutting timber into 
veneers by a kind of knife. This knife was formed of several pieces of 
steel, exactly in a line on their lower surface. The block of wood was 
carried sideways beneath the knife by a screw slide, worked by a 
handle, and the knife cut it by a short reciprocating or sawing action. 
The block was raised, after each cutting, to a height equal to the thick- 
ness of the required veneer. The method answered well for straight- 
grained and pliant wood, such as Honduras mahogany, but not for 
other kinds. 

Ivory veneers, or rather thin sheets for miniatures and for memo- 
randum books, are sometimes not more than one-sixtieth of an inch 
in thickness, requiring much nicety in their manipulation. [Ivory,] 
Vuleanite, or vulcanised india-rubber, is now used as a veneer. It is 
rolled into thin sheets, which may be eitlier plain or embossed, and 
it receives a polish by the rolling. In applying this substance as a 
veneer, the sheets are dipped for a few minutes in boiling water, till 
they become as tractable as moist paper; and the workmen can then 
veneer with them round and over the sharpest curves and angles. 
Ordinary wood veneers cannot well be bent round corners ; a patent to 
effect this has been taken out by Mr. Meadows; but in general-it is 
not attempted. 

The Americans have recently introduced, under the name of pressed 
work, veneering of aremarkable kind. Instead of a thin veneer being 
placed upon a thicker substratum, the whole substance consists of 
véneer. It comprises four, six, eight, or any other number of layers. 
Some strong plain wood, such as black-walnut, is selected for the 
interior layers, and rosewood or other fancy wood for the exterior. 
The veneers, which are of the usual thickness, are well saturated with 
glue, and placed one upon another, with the grain of each layer at 
right angles to that of the next. The mass, while hot, is placed in 
moulds, named cawls, and pressed forcibly for twenty-four hours, 
When taken out, the wood is found to be firm, elastic, and strong, and 
to conform to any curvature which the mould may have given to it. 
On account of the crossing of the fibres, the wood can scarcely split, 
except by a force that would rend it to pieces. The pores have become 
so filled with glue, as to add in a remarkable way to the strength of 
the substance. Mr. Belter introduced this art; and at the present day, 

ressed-work is very much used in the United States for the better 
Kinds of furniture. Chairs of this make are in demand, for their great 
strength and remarkable lightness ; it is the back of the chair, generally 
elegantly curved, that consists of pressed work. There are usually 
seven layers for the back of a chair, making a substance surprisingly 
thin in relation to its strength. An odd number of veneers is usually 
selected, in order that the grain may extend in the same direction on 
both surfaces, The frame-work for bedsteads is formed in a similar 
way ; and so are the bodies of such musical instruments as the violin 
and violoncello. M. Bogaud, another inventor, has succeeded in pro- 
ducing dished or spheroidal pressed work: that is, articles in wood 
presenting much deeper curves than those just described. To effect 
this, the veneers are cut by machines into strips, each of which varies 
in width according to the part of the mould into which it is to be 
See the cutting must a very accurate to effect this, and can only 
done by apparatus mathematically adjusted. A curve of double 
curvature may be produced by this method. Hitherto, this dished 
pressed work has necessarily been very expensive. 


007 


VENETIAN SCHOOL OF PAINTING. 


VENTRILOQUISM. 


We must notice also M. Amies’ method of veneering in relief. Two 
moulds, an upper and an under, as in cameo and intaglio, are gently 
heated, and a sheet of veneer is placed between them. One side of the 
veneer takes the device in relief; the other side, hollow, is then filled 
up with mastic or any ic substance. The veneer is in the first 
instance smoothed or poli on the surface which is to be’in relief. 
Paper is pasted on the back; and it is while the wood is yet damp 
with the paste that it ab between the dies; the paste assists 
the veneer to conform to the dies, and to retain the device when cold. 
The veneer is not removed from the mould till quite dry. Medallions 
are produced in this way, remarkable for the sharpness and per- 
fection of the device. 

VENETIAN SCHOOL OF PAINTING. [Parytixa.] 

VENIRE FACIAS, or Venire, the name of a writ addressed to the 
sheriff or other returning officer, commanding him “ to cause to come” 
(venire facias) the _—- set forth at the place named in the writ. 
The purpose to which the writ was formerly applied, and in reference 
to which it is generally known, is in summoning juries to serve for the 
ordinary trial ‘of civil causes. It has long ceased to be acted upon, the 
court assuming that the jurors had been summoned upon it and had 
failed to appear at Westminster, where anciently the trial itself took 

lace, another writ thereupon issuing to bring them to the assizes. 

ow, however, the sheriff is simply commanded to summon the jurors 
to appear before the judges of Assize or Nisi Prius. (Common Law 
Procedure Act, 1852.) ee VENvE.] 

VENTILATION. ARMING AND VENTILATION. ] 

VENTRE INSPICIENDO, WRIT DE. “ When a widow is sus- 
re to feign herself with child in order to produce a suppositious 

eir to the estate, the heir presumptive may have a writ de ventre 
inspiciendo, to examine whether she be with child or not; and, if she 
be, to keep her under proper restraint till delivered; which is entirely 
conformable to the practice of the civil law: but if the widow be, 
upon due examination, found not to be pregnant, the presumptive heir 
shall be admitted to the inheritance, though he hath to lose it again, 
on the birth of a child within forty weeks from the death of a 
husband.” (Blackstone, ‘Comm.’ i. 456) The Roman practice is 
explained in the title of the ‘ Digest’ (25 tit. 4): “‘ De inspiciendo ventre 
custodiendoque partu.” The practice originated in the joint reigns 
of Aurelius and Verus, in a case in which a wife denied her pregnancy 
and the husband maintained it. The wife had separated from the 
husband, and probably wished to keep the child that might be born, 
though by law it would belong to the husband, If a woman alleged 
that she was left pregnant by her deceased husband, it was her duty to 
announce the fact to those whom it concerned, and to inform them 
that they might, if they B gee send women to inspect her (que 
ventrem inspicant). All the proceedings of inspection and of watch- 
ing the woman, if she should be reported to be with child, are minutely 
prescribed in the Prator’s Edict. The penalty in case of the woman 
not complying with the edict was, that the pretor would refuse to the 
child the bonorum possessio. 

The form of the English writ de ventre inspiciendo is given Co. 
Litt. 8 b. It is directed to the sheriff, and commands him to empauel 
a jury of twelve women to search whether she be enceinte. If they 
find that she is with child, another writ issues which commands that 
she shall be safely kept and duly inspected by the women, who must 
be present at the delivery. 

he use of this writ isan instance in which what is called a pro- 
ceeding at common law is taken from the Roman system, (Co. Litt. 
8 b., and N. 44 in Butler's edition; Comyns, ‘ Digest,’ Bastard, C.) 

VENTRILOQUISM (literally “ belly-speaking:” from venter, the 
belly ; and loguor, I speak) is a vocal mimicry of sounds, by which an 
illusion is produced on the hearer that the sound comes, not from the 
mimic, but from some other appropriate source. The various pheno- 
mena of vocal mimicry may be conveniently considered under two 
general heads, namely: 1st, The simple imitation of the voices of 
persons, of animals, of musical instruments, and other sounds and 
noises of every description, in which no illusion is intended, but, on 
the contrary, the imitation avowedly and perceptibly comes from the 
mimic; and 2nd, The imitation of those voices, sounds, and noises, not 


as originating in the mimic, but in some other, an appropriate source , 


at a given or ayins distance, in any or even in several directions 
successively. And when these imitations are made without moving 
the mouth, features, or body, the illusive effect of the mimicry is 
enbanced. The terms mimicry, or imitation, are commonly adopted 
to designate efforts under the former general head where no illusion iz 
intended, while the term ventriloquism distinguishes those under the 
latter where an illusion is produced. 

The various kinds of divination amongst the nations of antiquity 
which were stated by the priesthood to be by a spirit, a familiar spirit, 
ora spirit of divination, are now supposed to have been effected by 
means of ventriloquism. Divination by 4 familiar spirit can be tracked 
through a long period of time. By reference to Leviticus, xx. 6, 27, it 
will be seen that the Mosaic law forbade the Hebrews to consult those 
having familiar spirits, and to put to death the possessor. The Mosaic 
law was given about fifteen hundred years before Christ. Divining by 
a familiar spirit was however so familia iar to the Jews, that the prophet 

draws a powerful illustration from the kind of voice heard in 
such divination, see Isaiah, xxix. 4. In the Acts of the Apostles, xvi. 


16, mention is made of a young woman with a familiar t meeting 
the Aptis inthe ety of Pl pi in Macedonia. ind Se Chepetioaee 
and other early fathers of the Church mention divination by 
a familiar spirit as ae Seeks. Sap. The practice of similar 
divination is still common in the East, is even acne ee 
the Esquimaux. This divination by a familiar spirit has been practised 
u of three thousand years, 

The witch of Endor divined by a familiar spirit; 1 Sam. xxviii. 7, 
in Hebrew 21S—(Ob.) The word is also adopted in the Hebrew Bible 
to designate those persons, whether male or female, in whom there is 


a familiar spirit. The plural of 258 is AIDIN—Oboth, which in the 
Septuagint version of Scriptures is mostly rendered by the Greek 
*Evyaorpmtdous, which is compounded of év, in, yarrhp, the belly, and 
pi8os, speech, and corres with the word ventriloquism., This 
rendering of the Hebrew in the Septuagint, Professor Lee accounts for 
by the muttering of those having a familiar spirit—the DIN : see 
his Hebrew Lexicon, or ‘ Thes. Heb.’ Gesenii, sub voce. ; 

The Greeks practised a mode of divination termed gastromancy, 
from yaorhp, the belly, and pdyris, a prophet; where the diviner 
replied without moving his lips, so that the consulter believed he heard 


‘the actual voice of a spirit speaking from its residence within the — 


priest’s belly. St. Chrysostom —— the same Greek word as the 
translators of the Septuagint version to designate the diviners by — 
familiar spirits, namely, ’EyyaorpyutOous, ; 
The earliest description of a ventriloquial illusion in modern 
that performed by Louis Brabant, valet-de-chambre of Francis i, 
the aid of ventriloquism he extorted from the mother of a you 
woman her consent to their marriage which she had Bebe pa 
opposed, and from a rich old man a large sum of money. e 
work of M. l'Abbé de la Chapelle, published 1772, descriptive of 
the feats of Baron Mengen at Vienna, and of M. St. Gille near Paris, 
claims attention. Baron M made a doll with moveable 
which he could control by his hand under its dress. With this 


upwards of two hours with such adroitness that the Jady was fully 
convinced she had talked with a sylph; and when the illusion was 
explained to her, she doubted if it were an illusion. — 

M. St. Gille, like Baron Mengen, made no secret of his art, but 
referred it all to mimicry, for which he had a strong propensity. The 
French Academy adopted the views contained in the statements of 
these two ventriloquists, namely, that the art consists in an accurate 
imitation of any given sound as it reaches the ear. 

Adopting these views, physiologists have offered a variety of possible 
actions of the vocal to explain its production; and some have 
even supposed a peculiarity of structure of the vocal organs as neces- 
sary, but have wisely omitted to specify what. Many physiologists 
think that ventriloquism is vocally apenas by speaking during 
ae of the breath. It is possible to speak during inspiration, 
and it may be occasionally adopted ; but close observation on many 
public ventriloquists, and private friends who can ventriloquise, con- 
vinces the author of this article that the general current of utterance 
is, as in ordinary speech, on an expiration of the breath. 

Adopting the views of the French Academy, some have thought 
that the vocal means of effecting the required imitation consist in a 
skilful management of the echoes of sound. Unfortunately, however, 
for this theory, an echo merely repeats what is already proficed and 
several ventriloquists, including the late Mr. Mathews, have produced 
the vocal illusion while walking in the streets. 

Baron Mengen thus describes his mode of speaking when the voice 
was to seem to come from his doll :—“I press my tongue against the 
teeth, and thus circumscribe a cavity between my left cheek and teeth, 
in which the voice is produced by the sir held in reserve in the 
pharynx (gosier), The sounds thus receive a hollow and muffled tone, 
which causes them to a) to come from a distance.” The Baron 
says it is necessary to manage the breath, and to respire as seldom , 
as possible, 

It was observed that M, St. Gille appeared fatigued after long exer- 
tion, when the vocal illusion became less perfect. Those ventriloquists 
with whom the author of this article has conferred have acknowledged 
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fatigue in the chest, which have attributed to the extremely slow 
expiration of pipet breath. Mest Gille, psi — professi ven- 
triloquists, was to very uently. : 

Now, in order to arrive at exact and positive knowledge of the modi- 
fications of voice termed iloquism, it is to be familiar 
with the distinctions of vocal sound; and to know how the organs act 
in producing those vocal modifications, it is necessary to know how 
the breath is vocalised in all its distinctions of pitch, loudness, and 
es ee of Oe oe 


The general terms pitch, loudness, quality, and duration embrace all 
<< yensgietarsenng mera dbempciear sar sounds, and 
which he em in his art. The distinguishing feature of musical 
is its pitch throughout its duration. And, acoustically 
ical sound is composed of an equal number of impulses or noises 
in equal times. [Acovustics; Vorcr.] 
terms pitch, loudness, quality, and duration also em- 
distinctions heard in ordinary sounds. These sounds 
musical in the pitch constantly varying throughout 
duration, as the human voice in speaking, and the voices of quad- 
Acoustically, such sounds are composed of an unequal number 
or noises produced in equal times. And from this circum- 
itch, in the strictly musical sense, is not a property of ordinary 
pager apd tegerenpiieenacg embrace all the distinctions 
heard a noise, as in the collision of two inelastic sticks, The 
against a bell is a noise, but this 
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ii ccas tered, wees audible distinctions are comprehended 
the general terms loudness, quality, duration, and ever-varying 


I. Musical sound, whose audible distinctions are comprehended 
under the general terms loudness, quality, duration, and an uniform 
pitch 


Mechanical laws of acoustics ; and 2. The physiological laws of mus- 


is 
current of air, by mechanical movements under the former laws. 


ynx, in Nar. Hist. Drv.] The pitch of 
on the tension of the vocal ; 


on the organisation of the larynx, and also on the form and size of the 
yocal tube. Now the form and size of this tube can be altered in 
various ways, as by dilating or contracting the 


varying the i tongue. It will 
Rais teatidesdicie of tha vou! tabs cuitim 6 peoudecde at 
quality to the voice, All these, however, are vocal or 
sounds, 


ee ee in the vocal tube apart from the 
These are not vocal sounds. Some of them, however, may be of a definite 


comes under classes of noise, sound, or 
m , and as under these classes is producible by 
the vocal tus of man, it is an obvious conclusion that an ordinary 
vocal tus is all that is required to vocalise the mimetic con- 


req ire to mimic, coupled with 
the abili rian aes to Lene See 
firat 7 without ious practice. Passing from the 
imitation of sounds, fe Sak of eee, eving at ee 
wood, the voices of animals and men, we proceed to treat those 
illusions where the voice so counterfeits the reality intended, 
that it appears not to issue the mimic, but from an appropriate 
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source, in whatever direction and at whatever distance that source 
may be. The essence of ventriloquy consists in creating illusions as to 
the distance and direction whence a sound has travelled; which are 
thus explained :— 

I. Distance. We do not hear the distance which a sound has 
travelled from its source, but we judge the distance from our former 
experience, by comparing the loudness which we hear with the known 
distance and known loudness of similar sounds heard on former occa- 
sions. Common experience will confirm, that we oftener err in 
estimating the distance of uncommon than of familiar sounds. In 
apology for such an error the ordinary language is, “It seemed too 
loud to come so far,” or “ It seemed too near to be so faint a sound,” 
as the case may be. Both of which are apologies for an erroneous 
j ent, and not for hearing. 

ear sounds are louder than distant ones. Now, by preserving the 
same pitch, quality, and duration, but .with an accurately graduated 
reduction of at lho a series forming a perspective (if the term be 
allowable) of sounds may be created, which, falling in succession on 
the ear, will suggest to the mind a constantly increasing distance of 
the sound’s source. 

Loudness is a property of sound which has not had justice done to 
its importance in the schools of music and elocution. Its nomenclature 
is vague and meagre, and it can scarcely be said to have a notation. 
The author of this article has observed that one of the high excellences 
which singers of genius have snatched beyond the rules of art has been 
a skilful management of the degrees of vocal loudness, and a nice 
adaptation of them to aid the melody in expressing the intended 
feeling. The varieties of loudness remain still unmeasured, and the 
abrupt transitions in loudness made by musical performers suggest 
that these distinctions are ill perceived. 

The estimate, then, which is formed of the distance which a sound 
has travelled before reaching the ear is a judgment of the mind 
formed by comparing a present perception (by hearing) with the 
remembrance of a former loudness in connection with its known 
distance, 

ania ee oe directi — whence a sound comes seems to be 
j right or left ear receiving the stronger impression, 
which however can only take place when the sound’s source is in a 
lane, or nearly so, with a line passing through both ears. It is 
familiarly known that a person in a house cannot by the noise of an 
spuceenrs carriage judge with certainty whether it is coming from 
right or left. He accurately judges it to be approaching, Passing. 
or receding, as the case may be, gradations of loudness, but 
unable to decide with certainty w! its approach or recession is 
from up or down the street. Common experience shows the judgment 
to be more fallible ing the direction than the distance of sounds. 
Professor Miiller of Berlin states, in his ‘Physiology,’ that Venturini’s 
experiments, detailed in Voigt’s ‘ Mag.,’ bd. ii., demonstrate the impos- 
sibility under certain circumstances of estimating whence a sound 
comes to the ear, Now, without entering upon the merits of those 
valuable experiments, enough has been above stated to show that we 
do not hear, but that we judge, the direction a sound has travelled 
from its source on reaching the ear. 

It has been remarked, and the writer of this article confirms its 
truth from observations made both in public and in private ventriloquy, 
that the ventriloquist indicates either directly or indirectly the direction 
which he wishes his audience to believe the sound is coming. Thus 
they directly indicate it by words, such as—“ Are you up there?” 
“He is up the chimney,” “ He is in the cellar,” “ Are you down there?” 
&e. ‘And they indirectly indicate it by some suggestive circumstance, 
as an action or gesture which is so skilf ully unobtrusive and natural as 
to effect its‘object without being discovered. Thus, when the ventrilo- 
quist looks or listens in any direction, or even rae eg turns towards 
any point, as if he expected sound to come thence, the attention of an 
audience is by that means instantly directed also to the same place. 
Thus, before a sound is produced, audience expect it to come in 
the suggested direction, And the ventriloquist has merely, by his 
adjustment of vocal loudness, to indicate the n distance, when 
a misjudgment of the audience will complete the illusion which he has 


e effect which is produced on sound by its travelling from a 
distance is observed to be— 
1, That its loudness is reduced in proportion to the distance, 
2. That its pitch remains unaltered. 
3. That its quality or tone is somewhat softened, 
4, That its duration remains unaltered. 
5. That human speech is somewhat obscured, chiefly in the consonant 


sounds, 

Now, the ventriloquist imitates the sound, not as it is heard at its 
source, but as it is heard after trav from a distance. A skilful 
ventriloquist can effect his imitations without much movement of his 
lips and features, Now, it has been observed that ventriloquists, during 
their efforts, turn the front face away from the audience and scarcely 
even show the profile. Theauthor of this article confirms this observa- 
tion, as far as regards moderate-sized rooms, but he has seen the front 
face in a;theatre. ; " Hoe 

It is quite easy to speak without moving the jaw, and it is the jaw’s 
movements which disturb the features in utterance. Now the labial 
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sounds, such as B, P, M, when the jaw is thus fixed, can be made with | esse aliquam, lunari similem, sed vel proprio lumine, vel totis 
a slight movement of the lips. The lips and jaws being always some- | imbutas corporibua fulgere, et idcirco solem non impedire” (lib, i, 


What open during ventriloquy, a alicht labial movement remains 
unncticed, unless special attention be directed to it; and all the modi- 
fications of voice can be produced without at all distorting the features 
or moving the lips. 

The preceding outline of the philosophy of ventriloquism is sufficient 
to exhibit the nature of the art. ‘To enter upon the ion of 
all the vocal means adopted to accomplish the various imitations 
would filla volume The mode of counterfeiting variations in loud- 
ness by changes of pitch, and also by changes from the natural to the 
falsetto register of voice, are amongst the wonders of vocal acience, and 
are oa ooo of extensive application by the scientific ventriloquist. 

VENUE (vicinetum, visne, “neighbourhood"), The county in 
whieh the trial of a particular cause takes place is said to be the 
venue of that cause. The old practice in this matter is connected with 
the original functions of the jury, as persons who were acquainted 
with the facts in issue. (Jury.] In order, then, that a proper venire 
might issue to the sheriff, the place in which the action was brought 
was stated in the margin of the declaration, and on the statement 
throughout the pleadings of any issuable fact a statement was also | 
made of the place at which such fact was alleged to have occurred 
As to all such facts upon which issue was taken, a venire was sued out 

“plying to each different place, The sheriff returned jurors from that 
pce, and by those jurors the facts were decided, so that several dis- 

t venires and trials might be necessary to dispose of the issues in 
one action. 

When juries ceased to act on their own knowledge, and began to 
determine on the evidence of witnesses, the necessity ceased for sum- 
moning them from the particular part of the country, and the practice 
gradually declined. till at last, the venire itself gave way to a precept 
commanding the attendance of the jurors at the assizes. (Common 
Law Prscedore Act, 1852.) 

A distinction was long since established between local actions (that 
is, actions relating to real estate) and transitory (that is, actions of debt, 
contract, for personal injuries. &c.). In regard to the former, it was held 
that the actual place in which the subject-matter was situated must be 
laid as the venue in the action, and that rule still prevails. The reason 
is said to proceed from the circumstance that, unless the action were 
brought in the actual county, the sheriff of the county would be unable 
to give effect to the judgment in the action. In transitory actions, on 
the contrary, the subject-matter of them being held not to have any 
fixed place, the plaintiff is at liberty to bring his action in any county 
in which he please. As a consequence of which it follows, that 
though the cause of action has occurred even out of the kingdom, it 
ig still open to the plaintiff to bring his action in the courts of this 
country. The plaintiff has still this liberty in a transitory action; but 
the courts assert an authority upon Sapna made to them of 
changing the venue. This is done upon its being made to appear that 
 aebaapewrrge vo would arise from trying in the original county, 

the body of the evidence lies in another, or because from local 

judices a fair trial cannot be had,&e. And the same authority may 

aap tesrentt even in local actions, in spite of the technical difhculty 
which has been before referred to. 

In criminal trials the venue is usually the county in which the 
offence charged was actifally committed. The courts however have 
the same discretion a8 to the power of changing the venue as in civil 
cases; and as to criminal trials, many exceptions have been introduced 

various statutes, 

VENUS DE MEDICL [Apxnoprte.] 

VENUS, the name of the planet which is nearest to the earth, and, 
except Mercury, nearest to the sun. The principal point of its physical 
description is the distinctness with which its phases are seen through a 
telesenpe, in which it exhibits all the changes of appearance which are, 
to the naked eye, characteristic of nothing but the moon, With regard 
to these phases, there is a remarkable historical error which we cannut 
trace higher than Dr. Smith's ‘ Optics,’ but which has been copied by 
Hutton ond others, It is said, “ When Copernicus revived the ancient 
Pythagoric system, asserting that the catth and planets moved round 
the sun at the centre of their orbits, the Ptolemaics objected, if this 
Were true, that the phases of Venus should resemble those of the 
moon. Copernicus replied, that some time or other that resemblance 
would be found out.” (Smith's * Optics,’ p. 415.) Now, first, Coperni- 
cus never answered an objection to his system in the manner implied 
in the story ; for he literally only lived to lay his hand upon a co’ y of 
his own work, and never opened it. [Corrnntcvs, in Broo. Liv ] 
Secondly, Gassendi, his biographer, in stating the verification of his 
system (as he calls it), derived from these phases, never alludes to any 
such prophecy ; nor does Galileo. in announcing the telescopic discovery 
of the phases of Venus (a.d. 1611), and in giving praise to Copernicus 
and Kepler for not having abandoned the motion of the earth on 
account of the difficulty arising out of the apparent want of thein, ever 
suppose that Copernicus, or any of his followers, had the slightest idea 
of that apparent want arising from imperfection of vision. Thirdly, 
Copernicus himself, in mentioning the aitficulty, expressly meets it by 
the supposition that Mercury and Venus, the “ stellm” alluded to in 
the coming quotation, either shine by their own light, or are completely 
ratnrated with the solar rays: “ Non ergo fatemur in stellis opacitatem 


is 
j them 


cap. 10). And the objection itself has nothing to do with the 

ence between the system of Copernicus and that of Ptolemy, for it had 
long before been raised against the latter: all, in fact, who maintained 
that the orbit of Venus comes between the earth and sun having to 
meet it in one way or another, whether they made the earth or the sun 
the centre of their system. 

In the theory of the motion of Venus, the most remarkable ciroum- 
stance is the long inequality discovered some years by Mr. Airy, 
depending upon the earth. [GravitaTion.] A satellite was at one 
time sus to belong to this planet, but no such thing has ever 
been detected. [t may be remarked that the satellite of an in’ 
planet might not be easy to find, if it were very small; for when the 
planet is nearest the oath, and circumstances are most favourable for its 
discovery in other respects, the dark side would be turned towards the 
earth. Though in the earlier period of telescopic observations, spots of 
various sorts were detected on the disc of Venus, yet the general de- 
scription of its appearance in our day, as given by Sir J. Herschel, is as 
follows :—“ Although it occasionally attains the diameter of 61”, which 

larger than that of any other planet, it is yet the most difficult 
all to define with telescopes, The intense lustre of its illuminat 
part dagzles the sight, and exaggerates every imperfection of the tele- 
scope ; yet we see clearly that its surface is not mottled over with 
manent spots like the moon; we perceive in it neither mountains nor 
shadows, but a uniform brightness, in which sometimes we may indeed 
faney obseurer portions, but can seldom or never rest fully satisfied of 
the fact. The most natural conclusion, from the very rare appearance 
and want of permanence of the spots, is, that we do not see, as in the 
moon. the real surface of, this planet, but only its atmosphere, much 
loaded with clouds, and which may serve to mitigate the otherwise 
intense glare of its sunshine.” i 

Venus, like Mercury, from the orbit being entirely within that of 
the earth, is never at more than a certain angular distance from’ the 
sun; her greatest angular distance, or elongation, being from 46° to 
47° 12’. Her mean apparent diameter is 16”°9, but varies from 9/6 to 
612, The real diameter is ‘975 of that of the earth, or about 7700 
miles, and the volume is ‘927 of that of the earth. The je is very 
nearly that of the earth; but this element, as also the mass, is rather 
uncertain. The mass of this planet is stated by Laplace at th of 
that of the sun, but later writers give jy),,th as more pro 
Mr. Rothman (Mem. Astron. Soc.,’ vol. xif pp. 400-415) has shown” 
strong reasons for supposing that the mass given by Laplace has been 
too much diminished by his successors, and that the second fraction 
above named should be increased by about its tenth part at least, and 
probably by more. The most uncertain of all the results of the 
theory of gravitation is the mass of a planet which has no satellite, 

This planet revolves on its axis in about 23" 21” 7s; nem this, 
owing to the absence of definite spots on its disc, can hardly be con- 
sidered as very accurate, Its light and heat are to that of the earth as 
1911 to 1000. i 

The elements of the orbit of Venus, which are usually taken from 
Lindenau’s Tables (1810), have lately undergone a searching exami- 
nation by comparison with seven years’ observations made at Green- 
wich. Messrs, Main and Glaisher, who made this examination, 
given their own resulting elements, compared with those deduced for 
their own epoch, from the above-mentioned tables. In the following 
list we have adopted the new elements, placing the old ones after them 
in parentheses; but taking the secular variations entirely from those 
given as the result of the investigation just quoted (‘ Mem. Astron, 
Soe.,’ vol. xii), The semiaxis major alone remains untouched; for 
though the examiners found reason to om aes that it was somewhat in. 
error, they did not feel able to decide with certainty as to the amount 
of the alteration, 


Elements of the Orbit of Venus, 


Epoch 1836, January 1, 0" mean astronomical time at Seeberg 
(42 56* east of Greenwich), 

Semiaxis major *7238816, that of the Earth being assumed as the 
unit. 

Eccentricity °00684568 (00682265) ; its secular diminution (or dimi- 
nution in 100 years), 00008200, 

Inclination of the orbit to the ecliptic, 8° 28’ 84’"84 (8° 28 81'"11) ; 


its secular increase, 10'°U85, 

Longitudes from the mean equinox of the e; (1) of the ascending 
node, 75° 12’ 8'"60 (75° 12’ 25"); its secular increase (combined with 
the precession), 8095*28 : (2) of the perihelion, 129° 15’ 3” (129° 11° 
18”) ; its secular increase ec with the precession), 49” 62; of 
the planet (mean), 832° 1’ 85"-28 (332° 1’ 33’*1). 

ean sidereal motion in 8654 days, 2106641'"49 ; sidereal revolution, 
224°7007869 mean solar days. 

When Venus is to the west of the sun she rises and sets before him, 
and was then called Phosphorus and Lucifer by the anvients; but 
when she is to the east of the sun she rises and sets after him, and was 
then called Hesperus. The old terms of our almanacs, “ M ” 
and ‘ Eyening-star,” have reference to these positions, 

VENUS, TRANSIT OF. [Traxstrs or Mercury axp Vexvs.) 

VERANTIN. [Manper, Corovrma Marrers or.) 
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VERMICELLI. els 


VERATRIC ACID (C,,H,,0,). The acid with which veratrine 
pscapemeaeor ; 2 Cone is Tight three" ow igs 
are 6 ightly sour e is 
slightly soluble in cold water, but more soluble in hot, and readily 
dissolved by aleohol, but not at all by ether. 

Neither concentrated nitric nor sulphuric aeid decomposes veratric 
acid, but a mixture of them renders it yellow. When heated to 212° 
the crystals lose water, and then become of a dull white colour; ata 
high temperature they melt into a colourless liquid, and sublime with- 
out leaving any residue. 

The crystals contain one equivalent of water. Veratrie acid forms 
crystallisable salts with the alkalies, which are very soluble in water 
and alcohol. Their solutions precipitate the salts of lead and silver, 
and the veratrate of the latter is white, and slightly soluble in 

VERATRINE (C,,H,,N,0,,),; a le alkali from 
Cevadilla, the me ot te hoes Sepodilta It was diseovered by 
Meissner in 1818, and obtained by Pelletier and Couerbe in 1819. 

Veratrine is a white or white powder, which has a silky and 
crystalline under the microscope; it is inodorous, very 

us. It is insoluble in ~~ becomes reagent 
in alcohol and so in e ; solution when 
i eee Glade The solutions have the 


very soluble in water and alcohol; the sulphate erystullises in quadri- 
lateral prisms ; concentrated nitric acid renders veratrine first scarlet 
and then 3; concentrated sulphuric acid gives it at first a yellow 
colour, afterwards a blood-red, and eventually violet. 

VERATRUM ALBUM (White Hellebore)—Medicul Properties of. 
Of this, two varieties, or distinct species, are officinal : one termed V. 
albim ; the other V. album B, or Lobelianum. This last prefers a 
chalky soil; the plants occur in the meadows of the Swiss Alps, the 
Pyrenees, the mountains of Austria, and in Siberia. The rhizomas of 
both kinds are collected indiscriminately. This part occurs single, 
8 ea fpr ge ly Soap pyramidal pieces, from two to 

inehes long, and from three-quarters to two inches thick. rough, 
wrinkled, of a grayish-black colour externally, but of a et eee 
Some root-fibres, intermingled with slender ble radicles, 

to it; and on the upper are found the seales, or withered 
remains of former leaves, which from their tunicated appearance have 
led some writers to describe it as a bulb. This, though incorrect, is 
useful to remember, as a good discriminative mark between it and 
other plants confounded with it, which, being roots and not ;hizomatd,are 
devoid of thie character. A transverse section presents a large central 
portion, sometimes termed the medulla; and, according to the age of 
the specimen, one, two, or more external circles, bounded by the dark- 
brown The rbizoma is nearly devoid of ara eidhnto b 
acrid, , burning taste. It is easi , but the person 
engaged in Tg aeouio- ane b araiks tate ebtion > was and 
eruption of the skin, and any drawa up the nostrils causes violent 
i inflammation of the Schneiderian membrane: hence its 


ly mouldy, but of 
procured ftom the seeds of 


Asagrea aficinalis (Lindley, Helonias ofivinalis, Don) and the Vera- 
trum Sabudilla, Reta, as well as other seeds of Melanthacee. 


bloody stools, tenesmus, burning feeling from the mouth to the reetum, 
constriction amounting to a sense of strangulation in the throat, with 
small pulse; faintings, cold sweats, giddiness, blindness, dilated pupils, 
loss of voice, convulsions, and iusensibility, generally terminating in 
death. The tincture and the alcoholic extract act more powerfully 
than the watery infusion or extract. A cutaneous eruption sometimes 
follows the use of white hellebore, Where death does not ensue, 
palpitation with intermitting pulse, along with dyspeptic and nervous 
symptoms, remain for some time: The application of white helleboré 
to wounds or any broken surface, either to destroy vermin of to cure 
the itch, may produce the above effects; and this result oceurs whether 
it is used in powder, as a wash, or ointment. The popular use of 
these is therefore to be discouraged. White hellebore is occasionally 
mistaken for Galanga root, and the seeds for those of cumin: inten- 
tional poisoning with it is rare ; but from the use of it among soldiers 
who have recourse to it from its property of producing palpitation of 
the heart, and thus simulating disease of that organ, in hopes of 
obtaining their discharge, violent and indeed fatal eltects ensue. It is 
the active ingredient in some quack medicines for gout or rheumatism, 
often producing dangerous consequences. It is also the efficient agent 
in many insect-destroying powders. An efficient antidote is scarcely to 
be found. Samuel Hahnemann, overrating the antagonising power of 
coffee, recommends that article; but at best it can only combat the 
nareotie symptoms, which are not the most formidable. Astringent 
drinks have also been proposed, but they ure not tu be relied on. 
Acid drinks seem more serviceable: hence tamarinds, or cream of 
tartar may be given, followed by demuleent or oily fluids, Vomiting 
should be en 8 

The medicinal employment of white hellebore is not very great in 
the present day; but when administered with due caution it is of 
great service in gouty and dyspeptic disorders, where there is torpor of 
the liver, sluggish bowels, and defective secretion from the kidneys, 
From its influence on these organs it often proves useful in chroni¢é 
cutaneous diseases, in which the digestion is always impaired. It is 
likewise used as a sternutatory, largely diluted with some starchy 
Hrgny Externally, veratria is employed to relieve nervous pains j 

ut its use requires the test caution. 

VERB. fapeaeny ; 

VERDERER. (Forest Laws; Woops ap Forrsts.] 

VERDIC ACID, an acid discovered by Runge; and so named front 
its property of becoming m by exposure to the air. It is obtained 
from several of the U’ ifere, Plantaginew, &e., but chiefly from the 
root of the Scabivsa succisa: When combined with excess of base, it 
becomes green in the air, owing to the absorption of oxygen; Berze- 
lius, therefore, proposes to call the colourless the verdous; and the 
coloured the verdic acid. The former is ‘obtained by digestiig the 
dried and powdered root of the scabiosa in alcohol, ftom which on the 
addition of ether white flakes are thrown down; to thesé, dissolved 
in water, acetate of lead is added, and the ipitate thrown 
down is decomposed by hydrosulphurie acid. evaporating the 
filtered liquor the acid is obtained in the state of a brittle yellow mass, 
which reddens litmus and does not alter in the air: When it is 
saturated with an alkali, ammonia for example, and exposed to the air, 
it absorbs oxygen and becomes gradually green: The acids then pre- 
cipitate it in the form of a reddish-brown powder, which is verdic 
acid ; this redissolves and becomes green with the alkalies: ‘Ihe earthy 
or metallic verdites are yellow, while the verdates of thé same bases 
are green. Runge states that he found by analysis that verdic 
acid contains one equivalent of oxygen more than the yerdous 


Veratrum viri/é is used in Ametica as a substitute for V. dlbum | acid 


and also for colchicum. bla nap ype sete ee ~_ 
dangerous er. According to the experiments and inquiries o 
Schubel (‘ Dissertatio de eff. Veratri albi et Hellebori nigri,’ Tibingen, 
1817), it is poisonous to all classes of animals, and acts fatally, if in 
sufficient quantity, by whatever way it is introdttced into the system. 
It appears to have a specific effect on the intestinal canal and nervous 
pred its effects on these parts being uniform, whether applied 

irectly to them or to remote parts, provided absorption take place. 
The action is that of a narcotico-acrid poison ; but its narcotic e is 
less, while its acrimony is greater, than that of black hellebore. It is 
doubtful whether the plant now spoken of is the white hellebore of the 
ancients. In doses short of any dangerous or violent effect, white 
hellebore exercises a liar action on the secreting organs, the stomach 
and intestines, and the nervous system. Almost all mucons surfaces, 
and the eonnected with them, as well as the kidneys, are 
éxcited to inereased secretion. But when the quantity is more con- 
siderable, heat of the mouth, tongue, and throat, with spasmodic 
constriction of the pharynx, thirst, pains in the stomach and intestines, 


alternate heats chills of the whole body, perspirations, anxiety, 
pain of the head, "pops depression of spirits, gloomy expression, 
and even spasms of the 


countenance, are ioe pire ar if vomiting 
fortunately occur early, these symptoms are alleviated. Schabel says 
a no oe 80 paper acts as an ot a by. bb tartar 
emetic or uanah, or of zine, can , it ought never to 
be aijleyed. | If the a op introduced into the rectum, the 
eegenes ee She weet) nena 3e heat of the mouth and pain of 

stomach are less. In decidedly pois doses its action is that 
of a violent narcotico-acrid, causing severe vomiting and purging, often 


VERDICT. [Jury. 

VERDIGRIS. [Acwrate; Diacetate of Copper.] 

VERDITER. [Corper; Acetute of Copper. 

VERDOUS ACLD. [VeERprc Actp.] 

VERMICELLL a dried paste, manufactured chiefly in Italy in the 
form of smooth round strings. The name has been given bo it on 
account of its worm-like appearance, vermicelli in Italian signifying 
little worms. Macaroni, which the Italians spell maccheroni or 
maecherone (a word of doubtful etymology), is manufactured of thé 
same kind of paste as vermicelli, and in a similar manner; but it is 
rather larger in diameter, and is hollow like the tube of a tobacco-pipe. 
Fed: lini is a kind rrp en than ed ot tee fel 4 at 

The paste is made of wheat stri of the ;,and ground roug! 
into a sort of grit. The kind of visaet preferred by the Italians is H 
small hard-grained species which they now cultivate on purpose, but 
which they formerly imported from the coasts of the Black Sea—yrano 
di Mar Nero, The ground wheat is mixed with clear soft water, and 
made into a paste by kneading it on a large block with a wooden lever 
ten or twelve feet long, The short end of the lever is made sufficiently 
heavy to lift the long end, on which one or two men or boys get 
astride, and alternately sitting down and springiug up, work the paste 
for a long time. The toughness and elasticity of the paste result 
from this long and powerful process of kneading. The paste is next 
forced by strong pressure through round holes in the bottom of a 
cylinder ; but, to form maccaroni, a wire extends from a bridge in the 
upper part of the cylinder turough the centre of each of the largest 
holes, and the paste, being forced through each hole around the wire, 
is consequently hollow. ‘The strings, several feet in length, whether 


—o 


615 VERMILION. VERNIER. 
of macearoni, vermicelli, or fedelini, having been thoroughly dried, are | struck nine concentric circles at equal distances, and then drew 
ready for use. t lines where 0 placed his dots, ‘ 

© Italians manufacture the paste into many other forms ; into thin In the year 1631 Pierre Vernier, Capitaine et Chastellain pour sa 


flat strips like ribbons, into thin sheets like paper, into round balls, and | 


into beans and peas. The Neapolitans, who use great quantities of 
maccaroni as their favourite food, use nothing but the pure » of 
wheat and water, but the Genoese mix saffron with it, which gives it a 
yellow tinge. The French, who also manufacture a good deal of it, 


uently season the with various condiments. 
VERMILION. [CoLovrmye Marrers; Mercury.) 
VERNAL, VERNAL EQUINOX. The word vernal is the ad- 


jective derived from ver, the spring; and the vernal equinox is that 

int of the equator which the sun crosses when it passes into the 

emisphere of the observer, and when his days begin to be longer than 

the nights. Consequently that point of the ecliptic which is called the 
first point of Aries is the vernal equinox to those in the northern 
hemisphere, while the first point of Libra is the same to those in the 
southern. If there were any decidedly astronomical nations south of 
the equator, some confusion might per: have arisen; but as all the 
science will be carried from the north, it is probable that the terms 
and modes of measurement peculiar to the north will be universally 
retained. 

VERNIER. We shall give under this head a short account of the 
different methods employed to measure the parts of the divisions of 
astronomical and geodesical instruments. This and the article 
GrapvATION may be considered as a sort of introduction as well as 
supplement to the description of each particular instrument. It is 
necessarily both m: and imperfect, but the references will point 
out the principal authorities to be consulted. We shall conclude with 
a brief account of the vernier in its simplest form. 

We are not aware that the Greeks or their successors the Arabs had 
any contrivance for subdivision. They seem to have simply divided 
their circles as accurately as possible, and into small convenient oh 
tions. Ptolemy's catalogue does not profess to distinguish less 
quantities than 10’; or rather, the parts of degrees are marked frac- 
tionally with no larger denominator than 6. Ulug Beigh used instru- 
ments of greater dimensions, and seems from his catalogue to have 
noted minutes. At the revival of astronomy in Europe the instru- 
“ments were very rude, and the simple division, aided by estimation, 
was probably considered sufficiently accurate without any artificial 
contrivance. 

Peter Nonius, in the third proposition of his treatise ‘De Crepus- 
culis Olyssipone,’ 1542, proposed the following graduation for astrono- 
mical instruments :—Forty-five concentric circles are to be inscribed 
on the limb, and separated into quadrants by diameters intersecting at 
right angles, The quadrants are then to be sub-divided as follows :— 
the outermost into 90 equal parts, each of which consequently equals 
1°; the next into 89, that following into 88, and so on to the inner- 
most, which is to be divided into 46 equal parts. Each circumference 
is marked at a convenient place with the number of its subdivisions. 
The fiducial edge of the bar carrying the sights passes, when produced, 
thro the centre, and the author assumes that whatever be the 
direction of the line of sight, the fiducial edge will cut some one of 
these circles at a division without sensible error. The corresponding 
angle in degrees, minutes, seconds, &c., is readily computed from the 
number of parts intercepted and the order of the circle. Thus if the 
exact coincidence takes place at division 29 of that quadrantal arc 
which is divided into 77 parts, the corresponding arc in degrees is 
=” of 90°, which is, when reduced to jits ordinary denomination, 
7 
33° 53’ 46” very nearly. 

Tycho applied the graduation of Nonius, or a modification of it, to 
some of his earier instruments, but “quia hee subtilitas, cum ad 
praxim deventum est, plus habeat laboris quam fructus, neque id in 
recessu prestet, quod prim4 fronte pollicetur,” he abandoned it, and 
adopted the method of transversals, which is well known to most of 
our readers as the diagonal scale in the case of drawing-instruments. 
This Hooke says (‘ Animadversions,’ &c.) “was first made use of in 
England by the most skilful mathematician Richard Cantzler.” . Tycho 
describes this mode of subdivision in the supplement to his 
‘Mechanica,’ Norimberge, 1602. Two concentric circles are drawn 
upon the limb at about 4, of the radius from each other, and divided 
into equal of 10, The space from the zero of the inner circle to 
the 10’ division of the outer circle is divided into 10 equal by 
9 fine dots; and in like manner the space between the 10’ of the outer 
circle and the 20’ of the inner, and so on. Theso rows of points form 
a sharp sigae with the angles in the two circles, The index, which 
may be either a fiducial edge or a fine hair, will pass over or near one 
of these dots in every position, and the angle to be read off is the 
number of degrees and tens of minutes which is taken from the 
circles, inner or outer, +the number of minutes and parts of a 
minute (the latter by estimation) reckoned by counting the points 
from the preceding angle. Tycho became uainted with this divi- 
sion by diagonals as acenes to straight rr gs. ey a student at Leip- 
zig, and in the place above referred to he proves that this subdivision, 
though not theoretically exact when applied to curved lines, was yet 
sufficiently true for his purpose, Instead of dots, other astronomers 


‘angle read off will be that degree or half-degree 


Majesté au Chasteau 


matique,’ which he dedi He supposes a 
uadrant divided into half on the limb, the surface of which 
tas above the plane of the instrument (this he calls the base), and 
moveable plate of the form and figure of a sector (and so 
him), which is concentric with and exactly fitted within the li 
surfaces of the two forming one plane. An arc of 15° 30° is 
off on the sector, which is subdivided into thirty 
directs two lines of sight to be fixed on the cates dol 
which therefore include an angle of 15° 30’, and orders the 
to degrees and half to be numbered one way on the limb 
left to right, and the divisions of the sector to be numbered up 
from right to left. Suppose the line of sight towards the zero 
the quadrant to be directed to any object :—If the division 30/ 
sector (we will now call this the vernier) which answers to the li 
sight, seems to be a continuation of a division of the quadrant, 
of the quadrant, 
the 0’ of the vernier will exactly correspond to another division 
quadrant. No other division of the vernier will so correspond 
division be exact. Now it will easily be seen that as the are of 1 
is divided on the vernier into 30 equal parts, each part is equal 
and therefore that when 0’ is placed opposite a division of the 
rant, the division 1’ of the vernier overshoots the next division 
quadrant 1’in the direction of the vernier, and contrary to the 
numbering of the limb. If the line of sight were pushed forward 1’, 
the vernier division of 1’ would therefore agree with a division in the 
quadrant, and so on; so that in fact, whatever be the position of the 
line of sight, the true angle is to be read off, first as to 
and half-degrees from the quadrant, and then for the minutes from 
the vernier.* 

In 1643 Benedictus Hedreus published at Leyden his ‘Nova et 
Accurata Astrolabii Geometrici, nec non Quadrantis Astronomici 
Structura,’ dedicated to his sovereign, Queen Christina of Sweden. 
In his preface he objects to the inaccuracy of Tycho’s method of 
transversals, and gives himself a correct construction, namely, by de- 
scribing a circular are through 10’ of the outer division, 0’ of the 
inner division and the centre of the quadrant, and dividing that 
portion which is included between the inner and outer circles into ten 
parts, when the subdivision will be true. Hedreus has adopted the 
vernier, but without naming the inventor ; his astrolabe and quadrant 
are well contrived. 

Hevelius applied to his instruments the transversal division of 
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Tycho as well as the vernier. He seems to claim the invention of the 
tangent-screw for giving a slow motion to his line of sight, and dwells 
at + length on the subdivision of the larger divisions by the 


revolution and of the tangent-screw. (‘Machina Colestis, Pars 
Prior, cap. xv. i, 1673.) So far as we can judge from his asser- 
tions and description, he arrived at great excellence in this part of 
mechanical construction, which however his unaccountable rejection of 
wore sights rouse of little value. 

e next year after the ap ce of Hevelius’s book, Hooke pub- 
tiahed bh Lontion kis (AntessVetinlees uate aan part of the Mackie 
Coolestis of the honourable, learned, and deservedly famous astronomer 
Johannes Hevelius,’ a tract distinguished by its acuteness and origin- 
ality. It is remarkable that he did not see the merit of Vernier’s 
invention,+ nor, as it would seem, of Hevelius’s application of the 
revolutions of the tangent-screw to measuring very minute quantities, 
He suggests a very elegant application of the diagonal scale, with rules 
for te —s te en pe oni’ to circular ares, but reco: 
racking the outer of the q t and m ing the angle by the 
revolutions and parts of the screw which pacientes porate by 
working in the racked limb. 

Hooke’s unlucky idea was carried into execution in Flamsteed’s 
sextant, and turned out so ill that the diagonal division was applied as 
an afterthought, See his prolegomena (‘ Historia Coelestis,’ vol. iii. 
p- 106, and Baily’s Flamsteed.) Hooke’s advice was afterwards followed 
in making a quadrant for the Greenwich Observatory, which was also 
found to be useless. In the mural are which Flamsteed erected at his 
own expense and under his own direction, he drew di after 
having divided the inner and outer arcs to 5’, The subdivision was 
performed by dividing the fiducial edge of the index, not into five 
equal parts but into such parts as would give the minutes exactly, and 
each of these was divided into six equal parts; so that the instrument 


* Vernier's tract is very scarce, and the injustice of those writers who per- 
sisted in giving the name of Nonius to his invention has induced us to enter 
into a more particular exposition of both principles. The second line of sight 
is merely to enable the observer to extend the angle tu 90° without carrying 
the sector beyond the quadrant. He gives a very prolix account of the 
graduation proper for quadrants and astrolabes of different sizes, and how 
angles exceeding 90° are to be measured, but of this no further notice is 
required here, 

+ Hooke conjectures that Tycho had invented Vernier’s contrivance and 
rejected it, but without sny probability, Tycho’s words and figure refer 
clearly to some change of Nonius’s divisors, 
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read off to 10”, and by estimation to 5". The outer edge was also 
racked after Hooke’s method, but rather, we think, as a check against 
erroneous reading, than as a means for exact measurement. 

Ré 


to minutes by the threads and the seconds estimated, which they easily 
be to 5", according to Horrebow. 
appears to have come into general use after Flamsteed’s 
time, and in the larger quadrants there were usually two sets of 
divisions, one into 90° and the other into 96 parts, each with their 
peculiar vernier: the approximate divisions were brought into exact 
coincidence and the quantity measured by the revolutions and parts of 
the tangent-screw, after Hevelius’s m . Such were the mural 
quadrants at Greenwich and elsewhere, erected by Bird, Ramsden, &c., 
in the last century; and the astronomical quadrant had the 
same or similar contrivances subdivision. In the sector employed 
in the French survey, and described in ‘ La Méridienne de Paris verifiée,’ 
Paris, 1744, the arc was divided by fine points to every 10’. a nekig 
the observation the plumb line was first brought directly over one 
pees: scraper ty dhageng cae naked 
a wire telescope. e tens 0} 
minutes being read off on the limb, the revolutions and parts of the 
screw furnished the remaining minutes and seconds. This method of 


subdivision was ied by La Caille to the sextant with which he 
observed at the of Good Hope and at Paris. The invention is 
duai$0.the Chevalier de Locville, whose mecioir in to be found. ia: the 


‘ Mémoires de l’Académie’ for 1714. 

We ha’ mentioned Rémer’s optical method of subdivision. 
The invention of the micrometer-microscope, in which the divisions 
are first magnified and the intervals measured by the revolutions and 
parts of a screw ing a wire or cross-wires in the focus of the 
object-glass of the , is due to the Duc de Chaulnes, whose 
account was published in 1768: ‘ Description d'un Microscope et de 
differents Micrométres,’ &c. The reader will find some account of the 
construction and verification of the micrometer-microscope in the 

We will briefi, princi the its 

e will now explain the principle of vernier in 
simplest form. Ff thas be well. understood, the reader will have little 
difficulty in making out the value of the divisions in any instrument to 
which the vernier is applied, though he may require considerable 
practice before he is able to read off well and quickly. 
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arene eecgume of » vernier for measuring hundredths of an 
i as is ly applied to common barometers. The scale is 
on the pail og which fvaed reg as — Srey one em > 
on ight hand, which can ipped up or down, remainin 
is the vernier. te & merely & banat 

parts of the principal scale divided into 10 equal Each of 
these parts, therefore, samen de Of sn inch, or ‘11 the difference 
a part of the vernier is ‘Olinch. In 

zero of the vernier is made to coincide, that is, to form 
ued line with the division 30 on the scale, and consequently | 
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10 on the vernier also coincides with 28°9 on the scale. Division 1 on 
the vernier is, from what we have said, ‘11 inch below the zero of 
vernier, while the next lower division on the scale is only ‘10 below it : 
hence the vernier division 1 is 01 inch below the division 29-9 on the 
seale. For the same reason division 2 on the scale is twice as much, or 
*02 below 29°8 on the scale, and so on, the divisions on the vernier 
overlapping those on the scale until 10 on the vernier stretches 
over to exact coincidence with 28°9 on the scale. Now suppose 
the vernier to be raised ‘01 inch, it is evident that division 1 of 
vernier will coincide with 29°9 on the scale. If the vernier were raised 
02 inch, the vernier division 2 would coincide with 29°8 on scale, and 
so on; so that in order to read off the hundredths of an inch which 
the vernier zero advances beyond any tenth in the scale, we have 
merely to see what vernier division comes nearest to a division of the 
scale, and set that down for the hundredth required. 

This is the form which was given to the vernier by its inventor, in 
whick the parts of the vernier are larger than those of the scale, and in 
which the numbering of the parts of the vernier runs contrary to the 
numbering of the scale, But if, as in No. 2, the vernier has the 
length of nine divisions of the scale, and this is divided into ten equal 
parts, each part will be equal to ‘09 inch, while the divisions of the 
scale are equal to ‘Linch. The vernier in this form is to be numbered 
forwards, as well as the scale. It is clear that raising the vernier ‘01 
will bring the division 1 of the vernier into coincidence; and so on, 

as before; and, therefore that the inches and tenths being read 
from the scale, the hundredths are to be taken from the vernier. The 
reading both scales forward is some advantage in favour of the latter 
mode, while the size of the vernier divisions is larger, and consequently 
clearer, in the first. There might perhaps be some advantage in par- 
ticular cases in uniting both verniers, as the reading would be made on 
two divisions and by two sets of independent subdivisions, but we do 
not remember to have seen this in actual use. 

In modern astronomical and geodesical instruments the vernier 
usually reads forward. Sometimes, for greater compactness, the zero 
is placed in the middle of the vernier, and the graduation, after 
running on to the end of the vernier, is continued from the other end 
of the scale to the middle, and reads both backwards and forwards. 
There is a great liability to confusion in these verniers, which can only 
be avoided, at first, by guessing the value of the subdivision before 

.the vernier. We prefer simple verniers, reading always 
forward with the zero at one end, 

The i subdivision in English instruments is to minutes, 
half-minutes, twenty seconds, and ten seconds. Thus if the circle be 
divided to 30’, and the vernier taken equal to 29 half. , and then 
divided into 30, each part of the vernier will equal 28 of 30’ or 29’, and 
the difference between a of the circle and a part of the vernier be 
1’. If the circle be divided to every 10’, and the vernier taken equal 
to 59 of these parts (=9° 50’), and divided to 60, each part of the 
vernier will be §% of 10’, that is, will be equal to 590" or 9’ 50",and the 
difference between a of the circle and a part of the vernier be 10". 
This division is legible in circles of 8 inches diameter. In circles of 
18 inches diameter we should still adopt the same division, as it is easy 
to estimate the difference, and less fatiguing to read an open division 
than a crowded one. 

The continental artists y make one circle turn closely, but 
freely, within another, and nearly in the same plane, as we have seen 
was di by Vernier. The reading is much more pleasant and 
exact in this way. Troughton objected to it, that if a particle of 
dust should get between the circles it would necessarily grind and 
tear the edges of the circles, leaving a muddy and ragged ditch between 
them. We do not know whether this objection is confirmed by 
experience. The English artists generally place their verniers on thin 
plates which move upon the divided circles. There is some chance of 


rubbing, and a certainty of wearing, if the verniers press on the circle ; 


and if they stand off from it they are awkward to read, with a chance 
of considerable error from As The subdivision by the vernier 
seems to be preferred by the German artists in general to that by 
micrometer mi , Which are in England universally applied to 
large meridian circles, and indeed to all considerable instruments where 
the fixing of the microscopes is not subjected to a varying effect of 
gravity. On the side of the verniers may be pleaded cheapness, and 
om from changes, such as those which the scale of a microsco; 

suffers when the distance between the limb and the object-glass of the 
‘microscope, or the body of the mi itself, from expansion or 
other cause, is altered, On the other hand, the micrometer micro- 
scope Pathe digicora greater magnifying power, keeps the observer 
away from the instrument, can be fixed with greater firmness, and 
remains more steady. It is not easy to fix a vernier firmly without 
running the risk of affecting the motion of the circle. On the whole 
we prefer the micrometer microscope, although it must be admitted 
that the perfection which the continental artists give to the centering 
of their circles and verniers may well cause a difference of opinion. 
For small instruments, and those which, like the declination circle of 
an equatorial, are placed under different strains in different positions, 
the vernier is indis ble. J 

There is difficulty very often in getting the proper light on the 
divisions. It is desirable that those of the vernier as well as those of 
the limb should appear sharp and black, and the divisions before and 
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after that which is nearest to coincidence should be scrutinised in | usages of a country often present still greater difficulty. The Roman 
order to estimate the decimal or fraction which is wanted for perfect | terms “Aidilis,” “ Consul, Cowitia,” “ Tribus,” “ Judex,” “ Pontifex,” 


coincidence. A more perfect setting will generally be obtained by 
making the divisions before and after the coincident division equally 
discordant, than by attempting to get a perfect cuincidence. The 
observer should be careful to view the divisions directly, and in the 
centre of the magnifier, or he will have an error arising from 

which may be considerable. 

The truth of a vernier in one respect, that of its embracing a pro 
portion of the limb, may be tried in different parts of the limb. If the 
cirele be very excentric this may give a little trouble at first, and be 
confounded with bad division. In ordinary cases, however, if there 
are opposite verniers, and their extreme divisions sometimes overlap 
and sometimes fall short of the corresponding portion of the limb, the 
mean will be true although the excentricity is sensible. The number 
of verniers may be either two, three, or four, at equal distances. Two 
are absolutely necessary to get rid of excentricity, and three or four 
will also nullify any error, original or superinduced, which gives the 
circle an elliptic form. But it is not easy in all cases to apply these 
readiugs conveniently, and the fatigue of many readings is scarcely 
recom by a little ee ont accuracy, at least in well-made and 
well-divided instruments which are carefully handled. 

VERSED SINE. [Txicoxomerry.} 

VERSION. The word version, or translation, is used to express the 
transferring of some written composition from one language into 
another. Like many other terms, translation cannot be briefly defined : 
the notion of translation must be attained by a consideration of all 
the conditions of translation; and the right understanding of its 
nature involves a part of the general theory of language. 

If two languages corresponded perfectly ; if every term in the one 
language had its equivalent in the other; and if the forms of speech 
in the two languages were also perfect equivalents, the difficulty of 
translation would not be great. It would only be necessary to dis- 
cover the equivalent terms and the equivalent forms of speech in the 
two languages, and translation would be effected by mere substitution. 
In this supposed case, as the terms and the forms of expression 


would be perfectly equivalent, a person who should read the trans: , 


lation would understand it exactly as a person would understand the 
original ; for the supposition of the two languages being perfect 
equivalents involves the supposition of the objects of thought and 
the mode in which their relations to one another are viewed being the 
same for the people who use the two languages. Now no two lan- 
guages have this perfect equivalence of terms and forms of speech, 
and therefore a perfect translation cannot be made. 

The general distribution of words into notional and relational words 
is explained in the article Notion. In no two languages are all the 
notional words perfectly equivalent. Such words as express many of 
the ordinary objects of sense, as sun, moon, man, woman, are perfect 
equivalents; but all the words which express objects of sense in one 
language have not their equivalents in another. Various nations have 
verious articles of dress, various utensils, implements, aud ornaments 
which are peculiar to them, and consequently have not their equiva- 
lents in another language. If such terms are rendered by some other 
tera in the language into which the translation is made, the translation 
will not convey the exact notion of the original, though it may come 
hear enough for many pu In some cases the difference is 
immaterial, as may be shown by instances ; in others tlie difference is 
material. The Latin words “domus” and “ navis” may be respectively 
rendered by the English “ house” and “ship,” though Roman houses 
and ships differ considerably from English houses and ships. But if 
the word “ domus” is merely used to signify the general notion of a 
dwelling four man, as for example, when one wishes to say that a “ man 
was killed in a house and not in the street,” the precise difference 
between Roman houses and English is immaterial, for house in such 
case is used in its most general sense. But if‘in the original Latin passage 
anything turned on — penis yg ag! si — "and “ villa” as 
opposed to’ one another, then, unless the English language possessed 
two words which should stand in thé same opposition to one another 
as dumus”" and “ villa,” a translation could not be made simply by 
équivalent terms: it must be effected in some other way, Material 
Objects then, for which there may be equivalents in two languages 
When the object is used in its most general sense, may not have equi- 
valents in the two languages when used in this special sense. Thus 
the Latin words “ patera,” “urna,” “lanx,” are words which express 
the general notion of a thing that is used to contain other things; but 
as they are also used to indicate a particular kind of containing veasel, 
* thére can be fo translation of such terma unless we have both the 

atid the name for them. It appears then that, even in the case 
of such ordinary things as dumestio utensils, a translator will often be 
at a loss to find a word equivalent to the original word; and he must 
either find @ word which comes the nearest to it, or he must adopt the 
original word. In the one case he will not convey an exact notion to 
the reader, and he may convey a very ¢rroneous notin ; in the other he 
will convey none at all, unleas the reader happens to know the thing 
intended by the term in the original language. The eontext may often 
help to the right understanding of a term, but that is not the matter 
at t under consideration. 

terms which denote the political and religious institutions or 


“Augur,” cannut be rendered into our language by any equivalent 
terms. In these and many similar instances it has become usual to 
adopt the original term, with the termination sometimes. slightly 
altered, and the reader of such translations is sup; either to 

what these terms mean, or to have books which will explain them, 
This is in fact the only practicable mode of translating such terms, 
and such translation is not liable te more objection than a book in 
one’s own language which contains numerous technical terms, the 
explanation of which is not given in the book, and cannot be got 
from the context, but must be suught for in a dictionary or work of 


reference. 

If the original ] has been more Se ae 
into which the ition is made, the translator will find that heis — 
ill provided with terms equivalent to those of the original. F , 
works on jurisprudence or apes A when translated into Englis 
present this ditficulty, which can only be overeome by adopting the 
technical terms of the original language. If the translator yere to 
attempt to make names which should correspond to the vriginal terms, 
he would not be so likely tu succeed in getting them adopted as by 
transferring the original terms into his translation. 

That part of translation then which consists simply in findi 
equivalent notional terms is limited. It depends on the charaeter 
the two languages, the original and that of the translation, how far 
equivalent terms can be found. In all matters which characterise 
the usages of a people, it is impossible te find equivalents in two lan- 
guages, for by the term character is here meant something which each 
has and the other has not. As to all terms which are expression 
of universal notions, such as are in a great d ind lent of the 
character of a people, those languages which Lave been cultivated to an 
equal degree do possess terms which are sufficiently equivalent. But 
even here there is often a very great difficulty in i the 
equivalent terms, as any one may satisfy himself by attempting to 
translate into English such a work as Cicero's treatise on the Orator, or 
some —ee of Tacitus. 

Perhaps it is often easier to translate from one language into 
another when the two languages have no historical connection, than 
when they are related as original and derived |: or as languages 
which have interchanged terms, or where the exchange has been all on 
one side ; for it often happens that words which are transferred from 
one language into another retain nearly the original form, and yet have 
either been adopted in a different sense from the original sense, or have 
in course of time acquired such different meaning. It would be easy 
to find numerous examples of such change of meaning in words that 
have been introduced into the English either directly from the Latin 
or through the medium of other languages, 

The union of notional words into connected speech or language is 
effected by the words of relation, which are either appendages added to 
words, or separate small words, or both ; and it is also effected by the 
order of the words, Now the words of relation and the order of words 
differ considerably in most languages, and hence arises a great difficulty 
in translation ; for language consists not of single words, no more than 
a ship consists of trees ; in the case of language and a ship, words and 
timber are materials, but materials without form have no significance, 
Yet in everything the nature of the material is an element in the 
capacity for receiving form ; and in language the possession or absence 
of case-endings, and of suffixes which show the modifications of words, 
called mode and tense, materially influences the capacity of the lan- 
guage for expressing a given idea with perspicuity, brevity, and force; 
it also materially affects the possible order of the words. Those lan- 
guages which possess case-endings and verbal terminations in abundance 
can vary the order of the words in a great number of ways, so as to 
place particular words in those positions where they shall be most 
effective. A langunge like the English, which, in its present form, has 
few suffixes, is much more limited in this power than the German, the 
Greek, and the Latin. Languages also differ greatly in the number of 
small words (relational words) which are adapted to express the relation 
of notional terms to one another, Some of the more delicate colours 
which are thus expressed in one language are absolutely incapable of 
being expressed in another by any corresponding relational words, 
vont famine they cannot be expressed by any combination of 
words, 

It will now not be difficult to ascertain in a general way what can be 
effected in a translation, and what ought to be attempted. Some 
people have had a novion that a translation should be literal, or near to 
the original, by which it is meant that every word of the original 
should have its equivalent in the translation, or nearly so. There is 
no objection to this, so far as it can be done consistently with the 
proper idioms of the translators language; yet such a translation is 
not commendable because it is literal, but because it is true. The 
idiom of the translation must nut be corrupted by an imitation of the 
idiom of the original. If what is called a literal version is a sutticient 
version of the meaning, and if it is also expressed in a true idiom, the 
translation is good; but its literal character is a mere accident. It 
will depend both on the character of the two lan and on the 
character of the original work how far the version in its form 
correspond to the original. Simple narrative is generally easily ren- 
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-dered from one language into another without varying much from the 
form of the original Works which have more of an artistic character 
present greater difficulties, whether they are historical, critical, or 
poetical. presents the greatest dittieulties, because, in addition 
to the general difficulty of transferring the meaning of one language 
into another, there is the ditticulty of reproducing the rhythmical 
form of the original, and this is sometimes impossible, Horace suc- 
ceeded in introducing the Greek lyric metres into the Latin language 
in his translations or imitations; but Horace was a master of his art, 
and he had a language which was sufficiently near to his original, The 
translations of Voss from the Greek and Latin poets have the advantage 
of being in a language which, from its copiousness, its grammatical 
forms, and its capacity of combining words, renders such an under- 
taking practicable in skilful hands, The English language has copious- 
ness and energy. but less yr oy Ae the German, and the imitation 
of the rhythmical forms of other languages is sometimes impossible in 
au English version ; and without this imitation the translation of poetry 
is incomplete, for the metrical form is a part of poetry, It is indeed 
often as easy to express in a prose translation the ideas of poetry as 
those of prose composition, for the essential qualities of poetry are not 
— by reducing it from its metrical into a prosaic form. In this 
form it may still fill the mind with the images of the original, but it will 
not equally affect the passions; for the passions are most vehemently 
pee by direct sensuous impressions, and the sensuous character of 
poetry is its metrical form. All attempts therefore at poetical transla- 
tion from one language into another can only be partially successful 
unless the character of the two languages admits of a perfect metrical 
imitation in the translation. 

A translator should show his judgment by the choice of his subject 
a3 well as by bis manner of handling it. He will not choose what is 
incapable of being rendered adequately. He will not attempt to fashion 
his form of expression to that of the original by doing violence to his 
own idiom. He will neither servilely follow the division of sentences 
ner the forms of expression. He will labour to penetrate through the 
author's to his meaning, and he will then strive to express 
that meaning in his own language. He must rigidly scrutinise the 
result of his Iabour, to see if it conveys the same meaning as the 
original, and neither more nor less, When this is accomplished, his 
translation will be sufficient, though it may not be perfect. It will 
be all that a translation often can be—a sufficient copy of the original. 

But there may be something wanting. Every writer has peculiari- 
ties which constitute his style. One writer is sententious, compressed, 
and energetic, but perhaps obscure; another is diffuse, flowing, and 
redundant, but fills the ear more than the mind ; a third may be per- 
spicuous and simple, but withal feeble, Now a translator who should 
so far mistake his original as to give a diffuse version of a sententious 
writer, or to express oe Sled ar in a form which should be altogether 
unlike it, would show that he had ill appreciated the writer's character, 
and this would not be the only blunder that we might expect from 
him. A version of a prose writer which should a general cha- 
racter altogether unlike the original, would as little merit the name of 
a translation as a dull prosy version of the ‘ Iliad’ would deserve the 
nawe, To fix a true medium between a close imitation of the style of 
the and a wide departure from it, belongs to that department 
of the business of translation in which taste is concerned. It is some- 
thing wherein precise rules can never be laid down, and yet the best 
critics will not disagree in their judgment. It is a gross error which 
we see in some attempts to translate Tacitus, to reproduce the original 
with all its obscurity and brevity: it is a grosser blunder to weaken 
his sententious energy by a profusion of words, many of. which, being 
impertinent and idle, only form a stronger contrast with those of the 
original, which have been selected and arranged with studious care. 

Like portrait-painting, translation has only one rule, and that not a 
rule which shows us how to act, but only prescribes a certain end. 
Make your copy like the original: let no man mistake it. Many 
eopies may be made, and all may be pronounced to be likenesses, 
Compare the lik with one ther, and you will find ove which 
shall be more like than the rest. Ask the master how he made it: he 
will say that he copied the original; but how he did it you cannot 
understand, nor can he say. 

VERTEX, a name given to any remarkable or principal point, 

ly when that point is considered as the top or summit of a 
er us we have the three vertices of a triangle, the vertex of a 
id, &e 


cone or . 

VERTICAL. The zenith being considered as a vertex, which in 
fact it is, when the word vertex means summit, a vertical plane is one 
which passes through the line drawn from the spectator to his venith ; 
a vertical plane therefore merely means one which is perpendicular to 
the horizon, and a vertical line has the same meaning. 

VERTICAL, ANGLE OF THE. A name given to the angle made 
by the diameter through any point of the earth, supposed a spheroid, 
with the re eraty of gravity at that point, or the perpendicular to the 
tangent plane, 

ERTIDINE. A base, not yet analysed, contained in shale tar. 

VERTIGO, or giddiness. ia a peculiar sensation depending probably 
on some disturbance of the circulation in the brain. It need not 
be described, for whoever has not felt it may do so at once by 
turning round a few times rapidly. The nature of the change pro- 


duced in the brain by the numerous canses of giddiness is altogether 
unknown ; probably the sensation may be the result of several differ- 
ent conditions, for it ensues alike when the pressure of the blood upon 
the brain is diminished by bleeding, and when it is increased in 
plethora, or what is called determination of blood to the head: it is 
a sign too as well of deficiency of food as of repletion; and of the 
various continued movements by which the steady flow of blood 
through the brain may be disturbed, though the rotatory motion is 
the most general cause of giddiness, yet the movement of the head 
backwards and forwards or from side to side will produce it as effectu- 
ally. and the vertical movement, such as is endured in the pitching of 
a ship, more certainly still. At present therefore it must be concluded 
that whatever disturbs the movement or the pressure of the blood 
within the brain may produce giddiness; and that in some cases it 
occurs without any cause of this kind, as a sympathetic or purely 
subjective sensation, dependant on the state of the substance of the 
brain itself, 

As a sign of disease vertigo by itself indicates very little. No judg- 
ment can be formed from it except by taking it in connection with 
the other characters of the affection of which it isa part, and these 
will generally be sufficiently indicative. Its most common cause is 
some disturbance of the digestive organs, and it may be safely treated 
in that view, except in those who are prone to apoplexy or other cere- 
bral disease, in whom it must be always regarded with fear, 

VESICANTS. ([BristeErs.] 

VESTA. [AstERoms } 

VESTA (‘Eotia or ‘Iorin, Hestia, or Histié), one of the great divinities 
of the ancients, and common both in name and mode of worship to the 
Greeks and Romans, According to Hesiod, she was the first-born 
daughter of Kronos and Rhea, and sister of Zens, and the Romans 
therefore made her the daughter of Saturn and Ops. She was a maiden 
oy and was said to have vowed eternal virginity by the head 
of Zeus. 

Vesta was the goddess of the hearth; and as the hearth was with 
the ancients the centre of the family, where the members met, con- 
versed, and took their meals, Vesta was regarded as the goddess of 
domestic union and happiness, Strangers and friends were hospitably 
received at the hearth ; suppliants sought safety and protection there ; 
and there the members of a family swore fidelity to one another. . The 
fire burning on the domestic hearth, the symbol of domestic union, 
was also regarded as the symbol of Vesta herself. As according to 
the notions of the ancients the state was formed on the model 
of a single family, each political community, city, or state had its 
public hearth or altar of Vesta, on which a perpétual fire was kept 
burning. At Athens the public hearth of Vesta was in the Prytaneum, 
and here the guests of the state and foreign ambassadors were received 
and hospitably treated. The public hearth was to the members of a 
civil community what the domestic hearth was to the members of a 
family ; and when a state sent out colonists, they took from the public 
h of the metropolis the fire which was henceforth to blaze on the 
publie hearth of the colony. Larger communities than a mere town 
or city had likewise their public hearth and centre of union. Thus the 
common hearth of the Greeks was at Delphi, and that of the Latins at 
Lanuvium, the metropolis of the Latins. Later speculators and mystics 
extended this idea even farther, and spoke of a central fire or a common 
hearth of the earth and the universe. Vesta, as the protectress of the 
family, is intimately connected with the Penates, and she herself is 
sometimes called a Penas or Dea Penetralis. Her connection with the 
a led some ancients even to ascribe to her the art of building 

ouses. 

In Greece, Vesta had very few temples, because every house and 
| every prytaneum was regarded as her sanctuary, and because she had 
her share in all the sacritices which were offered to other gods; and at 
all sacrificial feasts the first and last libations were offered to Vesta, 
But at Hermione in Argolis she had a special temple, though, like her 
temple at Rome, it contained no image of the goddess. The sacrifices 
offered on her altar consisted of seeds, fruit, libations of water, oil, or 
wine, and of young cows. 

Ainens was believed to have brought the sacred fire of Vesta together 
with the Penates and the Palladium from Troy to Italy; and at Rome 
the worship of Vesta was said to have been introduced by Romulus or 
Numa. Her worship at Rome was of much greater importance than 
in Greece, Her temple, which was of a round form, stood in the 
forum near that of the Penates; it was open during the day and closed 
by night. Acvording to Ovid's description, its walls consisted in the 
earliest times of wicker-work, and the roof of reeds. The temple con- 
tained the altar of the goddess with her sacred fire, the extinction of 
which was regardud as an omen of the greatest cal mity to the 
republic, and priestesses (at Athens and at Delphi widows, and at 
Rome virgins) were appointed to keep the fire alive. With the 
exception of the Pontifex Maximus, no male being was allowed to 
enter the temple of Vesta; and hence we never hear of the senate 
meeting in it as in other temples. The Roman pretours, consuls, and 
dictators, on entering upon their offices, had to offer sacrifi es to the 
Penates and to Vesta at Lanuvium. Representations of Vesta in 
works of art were not frequent in antiquity, as she was worshipped in 
the form of the sacred fire burning on the hearth. But some are 
mentioned by Pausanias and Pliny, and she was represented in the grave 
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and dignified attitude and expression of a majestic and pure maiden, 
with the attire and veil of a matron, and holding in her hand a sceptre 
or a lamp. 

(Hartun , Die Religion der Romer, ii., p. 111, &c.; R. H. Klausen, 
Bneas und die Penaten, ii., p. 624, &.; Miiller, Arch, der Kunst, 
§ 382; Hirt, Mytholog. Bilderbuch, i., p. 70.) 

VESTAL (“ Virgo vestalis,” éorids), a priestess of the Roman deity 
Vesta. The number of these priestesses, according to the regulations 
of King Nama, was four, two for each of the ancient tribes. Servius 
Tullius, or, according to others, Tarquinius Priscus, added two more, 
to represent the third tribe, or Luceres. In the earliest times they 
were chosen by the kings, but afterwards by the Pontifex Maximus, 
who had the especial superintendence of everything connected with 
the worship of Vesta, At first the selection seems to have been left 
to his discretion, but subsequently, whenever there was a vacancy in 
the sisterhood, he drew by lot one out of twenty select virgins in the 
assembly (in concione), It might happen that a parent offered his 
daughter, though this seems to have been the case very rarely. 
After the lot was drawn, the Pontifex took hold of the virgin, as if 
she were a prisoner, and having pronounced a certain solemn formula, 
he conducted her to the atrium of Vesta. Parents could only oppose 
their daughter being thus taken from them and devoted to the service 
of the goddess, in three cases : first, if one of her sisters was already a 
vestal ; secondly, if the parents had no more than three children; and, 
thirdly, if the father held one of certain high priestly offices, In these 
cases parents were exempt from the obligation of allowing their daugh- 
ter to become a priestess of Vesta. The conditions, on the other hand, 
on which alone a virgin could be made a vestal were—1, that her 
father was not ‘ing on a disreputable occupation; 2, that her 
parents were free aes free-born, and settled in Italy; 3, that both her 

ts were alive; and, 4, that she was neither younger than six nor 
older than ten years. From the moment that a vestal virgin was 
‘ chosen and taken to the atrium of Vesta, she was emancipated from 
her father’s power; she required no patron in any court of justice, and 
had the right to dispose of her property by testament ; and if she died 
without having made a will, her property fell to the republic. A 
vestal virgin, if once appointed, was obliged to serve the goddess for 
thirty years, The first ten years were a period of noviciate, during 
which they received instruction respecting the various duties that 
they had to perfurm. Then followed ten years during which they 
were allowed to perform all the functions of their office ; and during 
the last ten years they instructed those who were going through their 
apprenticeship. After the expiration of the thirty years they might, 
if they liked, unconsecrate (exaugurare) themselves, and might marry. 
This, however, happened very seldom : it was considered unlucky for 
vestals to marry. The habits which they had acquired during their 
priesthood generally induced them to continue in the service of their 
goddess for life. These virgin priests enjoyed at Rome the highest 
distinctions. When they went out a lictor walked before them; 
pretors and consuls when they met them lowered the fasces, and any 
criminal whom their eye caught sight of was immediately set free. In 
the theatres honorary seats were set apart for them. Augustus how- 
ever prohibited their being present at the athletic games. Nero, on 
the other hand, abolished this law, and permitted them to be present, 
on the ground that the priestesses of Ceres were allowed to be present 
at the Olympic games. They had an official residence on the Via 
Sacra, and salaries derived from estates of the goddess, which were 
increased from time to time. A vestal virgin was considered to be of 
the same rank as the Flamen Dialis, and in a court of justice she could 
not be compelled to confirm her evidence by an oath. Their prayers 
were believed to be of particular efficacy, and wills and important 
documents were often intrusted to their keeping. They had the 
privilege of being buried within the pomerium. 

The duties of the vestals were to keep the fire on the altar in the 
temple of Vesta burning, to guard the sacred relics and symbols 
preserved in the temple, to sprinkle the temple of the goddess every 
morning with water from the Egerian well, and various other things 
connected with the worship of Vesta. Besides the functions directly 
connected with the worship of Vesta, they had to perform in the 
course of the year various others. Thus, for instance, they conducted 
the mysterious worship of the Bona Dea on the first of May, and had 
to prepare the sacrifice to be offered on certain occasions. If ever the 
sacred fire in the temple of Vesta became extinct by the carelessness 
of a priestess, the neglect was atoned for by sacrifices, and the guilty 
v was scourged by the Pontifex Maximus on her naked back. The 
fire was not rekindled from a common fire, but from one produced by 
the Pontifex by the friction of two pieces of wood, or from the rays of 
the sun by means of a burning-glass, and the vestal caught it in a 
brass sieve by means of tinder, and thus carried it into the temple. 
On entering on the priesthood every vestal had to make a solemn 
vow to keep her chastity pure, like the goddess whom she served, 
during the years of her priesthood. 4, breach of this vow was 

ed asa terrible crime and as a fearful calamity to the whole 
state. When a vestal was found guilty by the college of pontiffs, she 
was condemned to death without having the right of appeal to, the 
people. As nothing but death could atone for her crime, and as it was 
nevertheless not allowed for any mortal to lay hands on the priestess of 
Vesta, she was buried alive in a subterraneous vault in the Campus 
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Sceleratus, near tle Colline gate. The mournful sol on such 
occasions was this, The guilty vestal was laid on a bier, fast with 


leather thongs, and covered in such a manner that not even the sound 
of her voice could be heard. In this position she was carried, as it 
were, in a funeral procession, accompanied by her friends and 
amidst the dead silence of all the people, to the place of execution 
near the Colline gate. On her arrival here she was relieved of her 7 
bands, the Pontifex Maximus with uplifted hands said a mysterious 
yer, and then conducted the veiled vestal to the ladder which led 
nto the tomb. The executioner took her down and drew up the 


ladder; and during this process the pontiff and the other priests . 
turned away their faces. In her tomb the vestal found a couch, a 
lamp, and some bread, water, milk, and oil. The tomb was closed and 7 
covered over with earth to a level with the rest of the The 


man who had seduced a vestal was todeath. Notwii 

the severity of the punishment, Roman history has on record 
instances in which the punishment was inflicted. During the time of 
the republic the violation of chastity on the part of a vestal was always 
visited by the punishment prescribed by law, unless the 

herself interposed in some miraculous manner to show that her 
priestess had been unjustly charged with the crime. Several inte- 
resting instances of this kind are related by the Roman historians, 
During the early part of the empire the conduct of the vestals appears 
to have become rather loose, since Domitian found it necessary to 


make the law concerning it more strict. 

(Lipsius, De Vesta et Vestalibus Syntagma ; Hartung, Die Religion ' 
der Rémer, ii., p. 115, &e.; Gottling, Geschichte der Rimischen Staats 
verfassung, p. 189, &e.) 

VESTED REMAINDER. [Remarper.] 

VESTRY is the name of that part of a parish church where the 
ecclesiastical vestments are kept ; and inasmuch as meetings of parish- 
ioners have been usually held in this part of the church for parochial 
purposes, such meetings, duly convened, have acquired the name of 
vestries ; so that even where a building remote from the church has 
been erected for parochial meetings, it is usually called the vestry-room. 
When the meeting is held in the church, or even in a building within 
the precincts of the churchyard, the ecclesiastical courts claim juris- 
diction over the conduct of the parishioners, 

By the common law all rated inhabitants of a parish have a right, 
either periodically or when specially convened, to meet in vestry for 
the affairs of the parish, and to vote the necessary pecuniary rates. 
But this common law right has been modified in many ways. 

1. By custom, which has vested the government of some parishes in 
a select and usually a self-elected body of persons, probably the suc- 
cessors of individuals to whom the parishioners at some previous time 
delegated the management of their parish for a stated period, but who, 
by the indifference and neglect of their constituents, came to hold 
permanently the powers intrusted to them. The principal act for the 

ion of these vestries is the 58 Geo. IIL, c. 69, but it does not 
ee to parishes within the city of London or borough of South- 
war . 

2. The act 10 Anne, c. 11 (for the purpose of erecting new 
churches in London and its neighbourhood) appoints “a peg aed 
for each parish.” The 59 Geo, III., c, 134, also permits the election of 
a select vestry out of the “substantial inhabitants of the district,” 
parish, or chapelry ; and several local acts have also created vestries, 

8. The 59 Geo. II1., c, 12 (Sturges Bourne’s Act), enables general 
vestries to appoint special vestries for certain purposes; but are 
little more than committees of the general vestries, to which they are 


responsible, 

4. A fourth kind of vestry is created by 1 & 2 Wm. IV., c. 60 (Sir 
John Hobhouse’s Act), but the adoption of this act is left to the dis- 
cretion of each particular parish ; rural parishes of less than 800 rated 
householders being excluded from its operation. 

It is the duty of vestries to provide funds for the maintenance of 
the edifice of the church and the due administration of public worship ; 
to elect churchwardens; to present for appointment fit persons as 
overseers of the poor; to administer such estates and other property 
as belong to the parish ; and in some cases, under local acts, to super- 
intend the paving and lighting of the parish, and to levy rates for those 


purposes, 
The remedy for neglect of — by a vestry is a mandamus from the 
Court of Queen’s Bench, di to the officer whose duty it would be 
to perform the particular act, or in some cases by an 0! process 
against him, or by a process against the churchwardens out of the 
ecclesiastical courts. 
VIADUCT. A bridge erected over a valley, for the purpose of 
avoiding the necessity for carrying a roadway either by long inclines, 
ry zi , or by precipitous descents, from 4 high level on one side of 
the hills bounding the valley, to a corresponding height on the other 
side, The conditions under which it is advisable to incur the expense 
of such a work, are principally when the annual cost of the traction 
upon the additional length of the inclined roads would exceed the 
interest upon the capital invested in the construction of the viaduct, 
added to the cost of its repairs; or when the rate of inclination of the 
roads is such as to render economical traction impossible. In roads 
designed to accommodate rapid traffic, for instance, inclines of 1 in 12 
are loateniesibhs tender tiny Ordumatansen, sox’ inclines of 1 in 80 are 
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objectionable; but in either case the construction of a viaduct for the 
purpose of obviating the necessity for the incline must depend upon 
the number of the carriages likely to resort to it. In railway structures 
viaducts are more employed than in common roads, on ac- 
count of the influence of the inclinations of the roadway upon 
the traction ; but even in them the use of viaducts can only be justified 
by considerations of economy. 

In the article Bripcxs will be found a summary description of the 
dimensions of the most celebrated viaducts hitherto constructed. The 
principles upon which they are built have been discussed either in that 
article, or under ArcuEs. It may suffice, therefore, here to add, that 
the skill of the engineer may be as usefully displayed in the execution 
of an embankment for the purposes of the way as in the construc- 
tion of a monumental viaduct; and that the repairs of the former 
would be in all probability much less than those of the latter. The 
Highgate Archway, the North Bridge at Edinburgh, the Dee Viaduct 
near Chirk, the Crumlin Viaduct, the Aricia, Barentin, Chaumont, 
Dinting Vale, Elsterthal, Goeltzchthal, Malaunay, Ouse Valley, Port- 
age, Tyne, viaducts, may be cited as the most remarkable works of this 


Vv TION. We have had in many articles to consider the effects 
of vibratory motions, but we have not yet given the explanation of 
the simple vibration, so as to enable a student with no very extensive 
know of mathematics to form some tion of its character. 
The theory of the vibrations of the of an elastic fluid is the 
key to what is known of the phenomena of sound and light [Acoustics ; 
Unputatory Trrory]; and there is some reason to suspect, or at 


least those whose © are worthy of attention have 

that the causes of sensible Po of heat, electricity, and 
magnetism will also be found in the vibrations of matter of some kind. 
All the particles of material bodies, even when solid, are probably in 


continual vibration ; and it is certain that very slight disturbances will 
communicate sensible amounts of vibration to considerable distances, 
and this through all manner of different substances, from loose earth 
to compact stone, and through those in every kind of state, from the 
aériform to the solid. 

Little as may be known of most of the vibrations which are per- 
ee one menting, 2, more certain, from the fundamental 

WS 


is either made up of one or several motions of one 


recent 
piston has momentum enough to carry it to the top of the 
cylinder, so the force is nearly spent before it begins to return, 
and we have something to which the term vibration is much more 
near! 


The etuple vibration, of which we have said all others may be com- 


round a circle aqab, and from q draw QP B 
Then P moves over a a in the manner of a simple ion ; the whole 
vibration being from a to a again. At a and a the velocity of p is 
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a Vv Pp 
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extinct, the whole motion of @ being perpendicular to Aa; but at o 
the velocity is greatest, rp then moving as fast as q. If we measure the 
time ¢ from the epoch of q being at B, and suppose the motion of q to 
be in the direction 8 qa, and n to be the angular velocity of Q, we have 
(oP=2, 0A=a) =a sin nt, while the velocity of P is na cos nt, the 
acceleration of P is —n*a sin nt, or —n*x, and if w be the weight of a 
particle at rp, the pressure necessary to maintain it in this state of 
ose pce is always directed towards 0, and is, in units of the same 
as wv, 
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if x and a be measured in feet, n in theoretical angular meters) 
and ¢ in seconds [Vetocrry]. If 1 be the number of seconds in the 
whole vibration from A to A again, we have n=2 x 3°14159+1, and the 
pressure is 1'2264w+1*, The pressure, it appears, requisite to main- 
tain a simple vibration must be always in a given proportion to the 
distance of v from o, and always directed towards 0; and the relation 
between the pressure at a given value of x and the time of vibration is 
wholly independent of a, the excursion of the particle. For the 
mechanical reason of this property, see IsocnRontsM. To form a more 
convenient expression, let N be the number of vibrations in a second, 
and let « be measured in hundredths of inches instead of in feet; then 
T=1~+N, and for z we must write «+1200, which gives for the pres- 
sure ‘001022N?xw, For example, if a particle vibrate only 100 times 
in a second, which is not much [Acoustics], and have an excursion of 
one five-hundredth of an inch (N=100, 2=*2), the force of restitution 
at the extremity of the excursion is more than twice the weight of the 
particle. By this formula it is easy to get a just idea of the greatness 
of the molecular forces required to produce those vibrations which are 
constantly excited in sonorous and other bodies. 

If we suppose a second vibration to be communicated to P, in the 
same line, and of the same duration, but whether of the same extent or 
not does not matter, the compound vibration is only equivalent to 
another simple vibration. Let a circle move with Q, and in that circle 
let a point (R) revolve uniformly, and let R v be perpendicular to 0 a. 
Then, while Pp vibrates about 0, v performs a vibration in the same 
time relatively to P; or a spectator who does not see the motion of Pp, 
will see no motion in v except a vibration about Pp. Now it is easily 
shown that R not only describes a circle about Q, but also actually 
describes either a circle in , about the centre 0, or an ellipse, in 
the manner presently explained. And v, vibrating about p, which 
itself vibrates about 0, does, if these vibrations be of the same duration, 
nothing but vibrate about 0. Mathematically, this is easily obtained 
as follows :—Let the angles 40 Q and c qr (Qc being parallel to 0.4) be 
at some one moment a and 8, and let oq=a, gr=d, and let the time 
be —e from the instant at which the angles area and 8. Then 
we have. 


x=a cos (nt +a) +b cos (nt + 8), 


the sign + being used when the circular vibrations are in the same: 
— when they are in opposite, directions. This is equivalent to x =/ 
cos (nt +A), provided / and A be found from 


TeosA=acosa+beos8 ,lsnaA=asina+basin Bf; 


and the joint vibration is one of the excursion J, and such that the 
angle is A when the angles of the component vibrations are a and 
8. It is easy to show in like manner that any number of vibrations 
whatsoever, made in the same times and in the same lines, are not 
distinguishable from one single vibration, of the same duration and in 
the same line. 

Again, Lar easily wi hs a vibration which is represented in 
direction excursion diagonal of a parallelogram is the com- 
pound effect of two vibrations of the same duration, represented in 
direction and excursion by the two sides of the parallelogram, if the 
particles of the component vibrations begin to describe the sides at the 
same instant as the particle of the resultant vibration begins to de- 
scribe the diagonal ; and the same thing may be shown of the diagonal 
of a parallelopiped and its three sides. Hence any number of vibrations 
of equal times about any lines drawn through one point may each be 
decom into three in the direction of three given axes passing 
through that point, and those in the several axes may be compounded 

into one. The student who appreciates the similarity of tho 
laws by which velocities, pressures, and rotations are compounded and: 
decom: , will see that to the list must be added vibrations. But 
the vibrations which bear the application of these rules are those 
of equal duration. 

Let us now suppose that any number of vibrations of equal times, 
and about the same point, are reduced-to three, in the directions of 
three axes of x, y, and z, When a cos represents the distance of a 
vibrating particle its centre of vibration, let the angle ¢ be called 
the phen. sghher be = the three vibrations be — woes 
same phase, the diagonal o the parallel described on the three 
excursions its the direction a en of the resulting 
vibration, which is simple and rectilinear. But if the simultaneous 
phases be not the same, so that z= a cos (nt+a), y=b cos (nt +8), 
z=c cos (nt+y), represent the simultaneous distances in the three 
vibrations, and also the co-ordinates of a point which is affected by 
them all, the particle, thus triply vibrating, des not move in a straight 
line, but in an ellipse. Let us consider two vibrations in a plane, and 
let Aa and Bb be their double excursions about the common centre 0. 
The axes in the fi are drawn at right angles, but any angle will 
do equally well. w the parallelogram wx y¥Z, which always con- 
tains the particle, and suppose that re and v are contemporaneous 
positions in the two vibrations, whence N is one of the positions of the 
particle. Through n can be drawn two ellipses, having the centre 0, 
and touching the four sides of the parallelogram oageey The 
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particle must describe one or other of these ellipses: one when P and 
Vv are both leaving the centre or both returning to it; the other when 
one is leaving the centre and one returning to it. In the figure, and 
supposing cNe to be the direction of motion, Vv is leaving, and Pr 
returning to, the centre. And if cme be the circle described about 


7) 


i ,and kL M be always perpendicular to cc, the law of the 
motion of the particle 1 is that m moves uniformly round the circle, or 
k moves through a simple vibration. This is exactly the law of motion 

by in when the particle 1 is attracted towards 0 
by a force which varies as its distance from 0; and mechanical con- 
siderations might easily be used to establish the whole theorem. If 
the vibrations be thus compounded for each pair of axes, three elli 
are obtained on the three co-ordinate planes, which are the projections 
of the ellipse which the particle describes in space. 

We may attempt to compound two different vibrations on the same 
line, that is, two Psat ne! sermgi wr bora peers ey Re. the first 
figure we suppose the angular velocity of R round Q to erent from 
that of eae 0, we see that r describes a trochoidal curve, and 
such a curve to be described by uniform circular motions, 
the motion of the projection of R upon the line of vibration will show 
the effect of the two vibrations. Somesimple instances may be readily 
obtained from the di in the article cited; but an attempt ata 
description of the multifarious effects of even two vibrations would 
baffie all human power of classification. 

We now proceed to some account of the principal mechanical con- 
siderations connected with vibrations, If any system whatsoever be 

ightly disturbed from a position of stable equilibrium, every particle 

es an effort to return to that position; and it can be shown that 
the force of restitution varies as the distance from the position of 
equilibrium, so that all the ee perform either simple vibrations, 
or motions com ed of simple vibrations. Not that it is accurately 
and Sn ai that the force of restitution always varies as the 
distance from the position of equilibrium, but only e: ly near to 
The consequence of the restitutive force is, that the system, in 
returning to its position of equilibrium, acquires velocity, and the 
several particles through or near to their positions of equilibrium 
their sev velocities, until the force of restitution, which ins 

in a contrary direction the moment the position of equilibrium 
destroys the ther aps velocity, and causes the particles to 
The same vi on is then repeated, or rather would be 
if there were no retarding forces: as it is, the resistance of 
, continually diminish the extent of the vibrations, until at 
become insensible. But it can be satisfactorily shown that 
resistances have no sensible tendency to alter the times of the 
vibrations; and few persons are aware how much of their comfort 
upon this circumstance. Whenever a sound is produced, a 
generally accompanies it; the sound is the consequence of 

the vibrations excited in the disturbed system, and the ency of 
its musical pitch is the consequence of these vibrations all made 
in the same time, or very nearly 80. ‘he air does not retain the 
vibrations communicated to it, but passes them on, so to speak; and it 
is therefore an agent which communicates the successive vibrations of 
a disturbed body just as they are communicated to it. If the vibra- 


tions slackened in their times, as they do in their excursi 
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the consequence would be that there | La 


would be no sustained notes, but every sound would be a slidi 
chromatic descent, like the of some animals, which ar therefor 
considered ver bours ; most musical instruments 
sad ve renal Mi 
_ There is a principle in mechanics which is called that of the coex- 
idence of vibrations, and sometimes the superposition of vibrations, 
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insensibly near to it. us the effects of the two 

any apparent interference with each other, and eye 
follow any one wave, even though a dozen disturbances 
been excited at the same time. A handful of 
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present. A vicarage may be ved the patson or 
presents the clerk to the benefice, whether by design rapier sore 
it may also be dissolved and become a parsonage, or, ; 
cally, disappropriate, by the dissolution of the 
the benefice is annexed. Thus if a college which is 


a certain benefice is dissolved, the vicar becomes etl in grat 
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tithes, and his vicarage is thenceforward converted into a 
(Benericer ; pie ot 

VICAR APOSTOLIC. [Carsorro Cavron (Roman).] 

VICARAGE, eel 

VIENNA LA Corovurtna Marrers.] 

VIENNA, TREATY OF. [Treatres, CuronoLoctcan TaBLe oF, 

VILL. ret 

VILLEIN, or VILLAIN, denotes a of bondman subject to 
his feudal superior. The word is sage ed low Latin form Villanus, 


a 


Saaen case Wet parece Gore cores SS ee 
on , a large rs) é people a) to have been a servile 
condition, ciltat 0 Goeaoalo Gave of Gclizwaanes oF der ta The 


neta of the master among the Saxons, th 
some limits. If a master beat out the or the tooth 
slave, the slave was entitled to his freedom ; if he killed 
a fine to the king, unless the slave lived a day after the 
inflicted, in which case the offence was unpunished. 
Conquest did not materially alter the state of slavery in England. 
lands were transferred to Norman masters, and the slaves 
part of the property. After the Conquest there were four classes 


slaves: 1, Villeins in Eroes, who were the perty of 
lords, and performed the lowest household duties, They were 
frequently sold and even 


numerous, and were 
, Hist. Ang.,’ p. 258.) 2, 


& 
E. 
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countries. (Walsi 
or yfredial slaves, who were attached to the soil, and s 
in agriculture. These were in a better condition than villeins in 
were allowed venir Bay -n we at gies some a , & limited 
of y; yet the law @ person ani perty of 
sitlkin bole entirely to his lord, the rule being he pace as that 
the Roman law, that whatever was acquired through the slave was 
acquired by the lord. 3, A class called Cottarii is mentioned in Domes- 
day Book ; and 4, in the same book a class called Bordarii. But the 
first two classes in fact comprised all the villeins. 

The legal condition of villeins in the reign of Edward IV., when 
Littleton wrote his Book of Tenures, appears from that work, Sections 
172-208. 

In England a few instances of 
the reign of Elizabeth, and 
‘On the Statutes,’ 274; Hi: 
of France it existed down to the time of the 
(Bracton ; Littleton; Coke's First Znst.; Reeves, 

Commentaries. 
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VILLEINAGE was a base tenure of land. This tenure was 

on the servile state of the occu 


allowed to hold portions of 
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and defined, it was termed privileged villeinage, and sometimes villein- 


Villeinage is generally supposed to be the origin of copyhold tenure. 
[Corynotp ; ENFRANCHISEMENT. ] ‘ 

VINCULDM, a name given in algebra to the line, Lesson i ted 
theses, or other symbol, by which various terms are compounded into 
one, or supposed to be so compounded, in order that the result may be 
further operated on, As in— 


a@tbter, at+b+e)z, {at+b+e}z, ke, 


which are, by the vinculum, prevented from being confounded with 

a+b+ex. 
VINE. 
VINEG 


malt is ground and mashed with hot 
cooled, is transferred to the fermenting 
tun, where, by the addition of yeast, it undergoes the acetous fermenta- 
tion; and when this is over, the liquor is transferred to small vessels, 
kept warm by means of a stove: in this it remains fora 
shorter or longer , according to the temperature of the stove and 
the strength of liquor. The process of acetification is assisted by 
introducing into the casks with the wort what is called rape, the 
residuary 


on by transferring the 
mentation, into casks, the bungholes of which are left open and loosely 
covered with tiles; the casks are then exposed for a long time to the 
air. But the use of stoves has greatly su this mode, and has 
abridged the time of the operation and it less liable to failure, 
The vinegar, after it has reached its greatest degree of sourneas, is 
rendered clear and fit for use either by subsidence or the employment 
of isinglass. The manufacturer is allowed by act of parliament to mix 
qéu Of its weight of sulphuric acid with vinegar; and what is termed 
by the Excise proof vinegar contains 5 per cent, of real acetic acid. 
Vinegar may be prepared in small quantities from the fermentation 
of a solution of sugar mixed with yeast; or it may be obtained by the 
fermentation of various fruits: thus, the juice of good apples contains 
a sufficiency of sugar to afford tolerably good vinegar without any 
Aditi 


untry. 
Vinegar-works in this country are but few in number ; oy require 
a large amount of space and the investment of much capital. There 
are about half-a-dozen of them in At most of those in 


if price and other circumstances 
rine substances instead of grain. 


a et eerie eenee © be preirad stalls, Shee nape 
maker uses wood-shavings, straw, or even tanners’ spent bark; but 
the is preferable, that a large expenditure is sometimes 
incurred to obtain a sufficient quantity; hence the advantage of carry- 
ing on the “ British wine” manufacture and the vi manufacture 
in the same establishment (which is sometimes done) ; refuse raisin- 
stalks and skins result from the making of raisin-wine, Vinegar is 
known by certain numbers, such as Nos, 18, 20, 22, and 24; these 
i it is eS pes the ope of pence per gallon 


8 
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United Kingdom is not now known; some years ago it was about 
8,000,000 gallons annually. 

It may be well to remark that, in country districts, much vinegar, 
but of inferior quality and insipid flavour, is made by the aid of the 
ee substance known as the vinegar-plant, This substance is 

ascum thana plant. In Staffordshire, a vi -plant is thus 
produced :—About a quarter of a pound of sugar half a pound of 
treacle are put into three quarts of water; the solution is simmered, 
poured into a jar, covered up, and kept in a warm corner for six weeks : 


an inferior kind of vinegar is formed, and on the top of it isa scum, with 
very much the of tripe. constituting the so-called vi . 
plant. Vinegar can thus be made from a sweet liquor alone; but 


when a vinegar-plant is once produced, it greatly quickens the process 
of vinegar- , Without materially altering the proportions of the 
other ingredients. A gallon of vinegar is thus made at a cost of about 
sixpence. During the process the vinegar-plant thickens, by the 
formation of a new layer on the under surface; the two layers may 


easily be separated, and each will be available for a further process of 
vinegar-making, and this three or four times over. The substance is a 
kind of fungus, whitish in’ colour, semi-transparent, jelly-like, and 
sometimes an inch in thickness. In some country places strong 
pickling-vinegar is made by cottagers, by mixing cowslip flowers and 
stalks with sugar and water, adding a little yeast, closing it up, and 
allowing it to remain in a warm place for several weeks, 

VINEYARD. The vine only thrives in particular climates, where 
the autumns are not excessively hot, nor the springs subject to late 
frosts. It has been observed in France, that the line which marks the 
northern boundary of the vineyards is not parallel to any circle of 
latitude ; but that it lies obliquely, advancing more to the north on 
the eastern boundary of the country than on the western. It seems 
to depend more on the nature of the climate in spring and autumn, 
than in summer and winter. A hard frost at the time the sap is 
quiescent has no bad effect on the vine, but rather the contrary ; while 
a late frost in spring disappoints all the hopes of the vine-grower, 
There was a time when the vine was cultivated in England for the 

urpose of making wine; but whether the climate is altered, or the 
‘oreign wines have superseded the sour home-made wines, no one now 
attempts to cultivate the vine except for the purpose of obtaining 
grapes for the table, and the mode of cultivation is a branch of horti- 
ture, 

It may however be interesting to know how the vine is cultivated in 
the countries which produce good wine; of which France is one of the 
principal and nearest in climate to England, The vine grows best in 
a soil where few other shrubs or plants would thrive, and it seems a 
wise distribution of Providence, that where there is the best soil ‘for 
wine, there it is the worst for wheat, and vice versd. The vine delights 
in a deep loose rocky soil, where its roots can penetrate deep into 
fissures, so as to insure a supply of moisture when the surface is 
scorched by the sun’s rays. On the steep slopes of hills towards the 
south and sheltered from the north-east, the grapes attain the greatest 
maturity, and the vintage is most certain. So great an influence has a 
favourable exposure, that in the same vineyard the greatest difference 
exists between the wine made from one part and that made from 
another, merely because there is a turn round the hill, and the aspect 
varies a very few degrees, A change of soil produces a similar effect. 
The famous Rhine wine called Johannisberg, when made from the 

which grow near the castle, is worth twice as much as that 
ae gf few hundred yards farther off. Here both soil and aspect 
change. The Clos de Vougeau, which produces the finest Burgundy, 
is confined to a few acres; beyond a certain wall the wine is a common 
B dy, good, but without extraordinary merit, 

The best vineyards in Europe formerly belonged to monasteries, and 
the quality was then thought of more importance than the quantity : 
of late the demands of commerce have made the quantity the principal 
ws ; and to this the quality is frequently sacrificed. 

en a vine is first established on any spot where none grew before, 

the first thing is to Log aa the ground for planting. In steep places, 
where the soil might be carried away by rains in winter or spring, 
terraces are formed by building massive stone walls along the slope, 
and levelling the soil behind them, The walls serve to reflect the heat, 
and form a shelter to the vine below. Thus a whole hill is sometimes 
covered with terraces from top to bottom, and there the wine is gene- 
rally good, if the exposure be favourable, Limestone, gravel, or coarse 
sand, with a small mixture of clay, forms a good soil for a vine; vege-' 
table substances alone should be used to enrich it, such as the leaves 
and tendrils of the vine, the residue of the grape when , and, 
failing these, the leaves of trees collected when green, and formed into 
a compost with earth, The ground should be well trenched, if it will 
admit of it, or loosened with the mattock and pickaxe. The different 
parts of the soil should be intimately mixed, keeping some fine earth 
or soil at top to set the plants in. When the ground is prepared, 
holes are dug in rows four or five feet wide, at the same distance from 
each other, so as to alternate; some of the finest of the soil is put into 
each hole, and the vine-plants, which have been rooted in a nursery, or 
else simple cuttings, are carefully inserted, pressing the mould round 
the roots and levelling the earth round them, Rooted plants will bear 
the second or'third year, but cuttings take a much longer time. The 
season for planting is during the winter, when the weather is open. 
If cuttings are used, they are taken off the vine on which they grew 
at the usual time of g after the vintage; a piece of the pre- 
ceding year’s wood is left on the cutting, and when it is planted, the end 
where the old wood is left is bent or twisted to facilitate its striking : 
three or four eyes are buried, so that the end is a foot at least under 
und, If the plant is already rooted, care is taken not to wound or 
bend the roots, but to spread them out and cover them with mould. 
During all the time that the vine is growing, the ground must be 
regularly cultivated and kept perfectly clear of all weeds. The usual 
instrument of tillage in stony and rocky soils is a two-pronged fork 
fixed in a short handle, at an angle less than a right angle with the 
prongs, which are a foot long, and very strong, like a double pickaxe (see 
figure, col. 631). This is struck into the ground and then drawn towards 
the workman, while the handle is lifted, which acts as a lever in raising 
the soil. The roots are by this means enabled to spread through the 
soil in search of moisture and food. The next year it is usual to prune 
the young vine down to one or at most two eyes or buds; but some 
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oor prcandeniertr pene ere ine cy 
second year, by which although the vine not be 


it will be much strengthened, and the a nt 
Sime in the end. pad ai! saci 
ear the vine is trained, that is, the shoots are tied to 
ted at each root, or they are laid in an arch and tied 
another along the ground, In southern climates 
planted ata certain distance from each other, and the vine, 
their foot, is allowed to run up their branches, from which 
in festoons from tree to tree, while the head and branches of 
are cut off to prevent too much shade. This is by far the 
legant mode of training the vine; but in France the stakes 
training are the only methods suitable to the climate. The 
ing is generally done in the beginning of winter, 
vineyards are established in the plains, where sometimes, as 
those of Medoc, they produce = good wine, the intervals between 
the plants can be stirred by the plough, although forking and digging 
by hand is more common; hoeing is as n in a vine to 
destroy weeds as it is in a field of turnips or any other crop sown in 
rows, Wherever a vineyard is overrun with weeds, you may be sure 
that there is no good wine, and much poverty in the proprietor. The 
—- a vine in bearing, the object of which is to uce much 
it 


He 


FREE 
THE 


‘| 


we mentioned before, of leaves and tendrils; but some soils require to 
be recruited, and without manure would produce little or no wine. In 
this case there is no alternative, and composts must be formed, as is 
done in common cultivation, with animal and vegetable substances 
mixed and decomposed. Manure from the cow-house should be mixed 
with virgin earth from pastures and meadows, and laid in small heaps 
in the intervals between the rows. It may be left a little while, if it 
have any rank smell, and then forked in round the roots; the more it is 
decomposed the better. Many a vineyard has lost its reputation after 
having been abundantly manured. The Johannisberg was much 
reduced in value, after having been dunged, while in the possession of 
General Kellerman. 

After a certain time, which differs in different situations, the vine 
becomes less productive from the exhaustion of the soil, as is the case 
when the same crops are repeatedly sown in the same ground ;: this 

on the depth of the soils. All perennial plants shoot out their 

roots farther and every year in search of fresh earth, and it is 
- this means that trees flourish for along time on the same spot; but 
the roots are prevented from spreading, or, the plants being too 


has accumulated, the 
vines will continue in vigour for many years; but where their progress 
is arrested by a solid rock or substratum, they will in time show signs 
of exhaustion. In this case the remedy is the same as for land bearing 
corn. A fallow, or rest, as it is ly called, is necessary, together 
with the addition of such manures as shall restore the lost fertility, 
For this purpose a portion of the oldest roots are dug up every year, 
ground trenched or loosened two feet deep or more with the 
mattock, to expose it to the influence of the atmosphere. SS a 
is prepared with sods taken from ures, or any virgin earth whi 
can be procured; this is mixed with some lime and turned over several 
the roots and which may be in it, and to make 
oles are now made, exactly as when a 
ted, and in each of them a basket or barrowful of earth 
this the new plants or cuttings are planted to produce 
time: thus the vineyard is gradually renovated. 
portion thus fallowed every year depends on the natural 
of the vine in that particular situation, In inferior soils one- 
seventh is thus renewed every year, in some a twentieth part is suffi- 
cient, and there are vineyards which have never been renewed in the 
memory of the present generation, but these are few in proportion to 
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as re for several years , and in almost every coun’ have 
been subject to attacks of the Oidium Tuchert, » destractive pel that 
has in many cases entirely ruined the vineyards. No perfect remedy 
has been yet found for the attacks of this fungus, but the most 
successful hitherto has been the sprinkling of the plants with powdered 
sulphur. ris, in Nat. Hist. Drv.) 
VINOUS FERMENTATION, 4 

ous ATION. The process by which sugar, in the 
a of yeast, is transformed into alcohol and carbonic acid. [Fer- 
MENT. 


4 , of Cambri: 
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VIOL, an ancient musical instrument, which is traced back as far as 
considered as the parent of all modern 


length 
about the size of the modern viola, but thicker in the body, and its 
notation was in the soprana or C clef. The Base Viol scarcely ditfered 
in dimensions from our violoncello: the music for it was written in 
the base clef. 

sentaiomenia diter ibs tention t singing toaddigas aoe issn 
ente: ents after the pi of singing ito ; 
and these latter (that is, viols) were so totally barn Beis the intro- 
duction of the violin, that at the beginning of the 18th century Dr. 
Tudway was but just able to give, in a letter to his son, a description 
of a Chest of Viols. He tells us that it ‘was a large hutch with seve- 
ral apartments and partitions in it, each lined with green baize. Every 
instrument was sized in eee eee the part ployed nes 
the least size played the treble part,’ The humosous Thomas 
, in his ‘ Music’s Monument’ (p. 245), says, ‘ Your 
most complete) will be a good chest of viols, six in 
number, namely, two bases, two tenors, and two trebles, all 
proportionably suited. Of these the highest in esteem are by 
and Ross (one bass of Bolles’ I have known valued at 100/), 
were old; but we have now very excellent workmen, who (no doubt) 
can work as well.’” 

VIOL DA GAMBA (or properly, Viola di Gamma), that is, the 
leg-viol, 80 called from being held between the legs, was the last 
survivor of the family of viols, and did not entirely fall into disuse till 
the latter part of the 18th century. In form and dimensions it re- 
sembled the modern violoncello, but had six strings. The tone was 
nasal and di ble, and the instrument is so thoroughly supplanted 
by the violoncello, that in all Jikelihood its restoration will never be 


attempted, 

VIOLA, or TENOR-VIOLD, a larger kind of violin, to which the 
part between the second violin and base is assigned. It has four gut 
strings, the two lowest covered with silver wire, which are tuned a, D, 
G, and ©, an octave above the violoncello ; or 
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VIOLA ODORATA, Medical Properties of. every part of 
the sweet-scented violet possesses some property which renders it 
useful, it is chiefly the qualities of the flower which entitle it to 
notice here. The petals possess a colour and an odour which render 
them useful. The former serves asa chemical test, the latter recom- 
mends the preparations to the sense of smell by its pleasuntness. It is 
not always innocuous, as very sensitive persons have sunk under its 
influence. Violets should not be kept during the night in sleeping- 
rooms, 

The may either be employed fresh to form a , Or 
served dry, and used when =| The drying mas bs carols 
performed, to preserve the colour, and afterwards kept in the dark, 
either in bags of thick brown , or bottles lined with paper. The 
syrup is used more as a chemical test, to show by the action on its 
colour the presence or absence of acids or alkalies, than as a medicine. 
It ought, for either purpose, to be perfectly pure; but few are 
more sophisticated. Its medical properties are slight, if any, It is 
reputed to be a mild, safe laxative, mixed with almond-oil, for even the 
youngest children. 

The seeds are demulcent, and they, as well as the leaves, are emollient, — 
from the mucilage they contain. They are both used for fomentations 
and cataplasms, The root is emetic and —. It contains an 
means termed Violina, This resembles Emetina, and can be used 

ike it. ‘ 

Viola tricolor, or Pansy, is recommended in the skin disease 
children called Crustalactea, or Porrigo larvalis, It communicates, as 
does a Spanish sweetmeat or preserve, a Sep odour to the secretion 
from the kidneys, The occurrence of odour is therefore no crite- 
rion of a beneficial action over the disease. Viola promulefolia, Linn., 
V. ovata, Rafinisque, is reputed good against the bite of the rattlesnake. 

Lonidium Ipecacuanha is the emetic of Brazil, while Jonidiwm micro- 
phyllum, of Quito, is most useful in Hlephantiasis. , 

VIOLET. The botanical characters are given in the Nat, Hist, 
Drv., under Viota; but there are many varieties. There are 
any ies of violet that do not deserve cultivation on account of 
their beauty; but the varieties of odorata, the sweet-scented species, 
and tricolor [Pansy], are the chief favourites. They are all readily 
raised by or by parting the roots. The annuals may be sown on 
Nor pererips yep The Saubey k a heghotrges > eae 
peat, lenty o inds are t b 
Petting, el by dividing the rocte, The Neapolitan 
violet, — is be gee aise is — — Med: Fond n this 
country. e way is, in May, after they have lo , to 
sift pa light soil over the plants to the depth of a canpls oh tacken 
in order to promote the production of runners, but leaving as much of 
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planted ina formed of two 
leaf mould, placed so as to be 
shaded by trees, to the air. A trench is to be made 
the soil to a depth of about four inches, which is to be 
level with leaf mould, over which the removed soil is to 
the runners are to be planted, at distances of 
rows being at least seven inches apart. They 
ell watered, and the ing re frequently 

In September they will have become 
with good bulbs at their roots, and may 
under glass, well watered and shaded from 
week, ao id eee cuer canted and 
may be freely exposed to the air. ber they in bloom, 
5 will continue flowering till May. 
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tes composition is 
unknown. Se ee eet ae 


to the boiling point, and then adding one equivalent of binoxide of 
lead, boiling the mixture for some time and then filtering it whilst hot. 
- The filtrate is of a dark purple hue, is boiled with potash both to 
separate the excess of aniline and also to precipitate the colouring 
matter. When all the free aniline is volatilised the residue is thrown 
on a filter and slightly washed with water, and then dissolved in a 
dilute solution of tartaric acid. This solution after filtration is evapo- 


bis re Tannin 

VIOLIN ( Violino, It., pen viol), a musical instrument known, in 
some shape, as used with a bow, in nearly all parts of the world, is by 
many antiquaries believed to have exi in very remote times. Be 


bere daheebeyentany 

cruth of a later period was, however, certainly a violin, with 
and played on by a bow. (See ‘ Hudibras,’ I. ii. 105.) 
The modern violin has four gut strings, the last, or lowest, covered 
with silver-wire. These are tuned in 5ths, B, a, D, G; or, 
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M. Baillot, one of the finest modern performers, in his ‘ Méthode’ for 
by the Conservatoire de Musique, bes that the 

to signify 

the instrument will 


that violinists would confine themselves within a more limited 


compass, The highest sounds of the instrument are disagreeable to 
most ears; are often harsh, and almost always squeaking ; and though 
they display a kind of mechanical skill in the performer, they, in most 


vo Bae te Me his vanity and want of true taste. 

When complete, says M. Otto (instrument-maker to the court of 
Weimar), in his ‘ Treatise on the Construction, &c. of the Violin,’ this 
instrument consists of a Fn different parts, or pieces: but such 
small divisions are not indispensably necessary, for in many instru- 
ments of a cheap description the parts are not so minutely divided. 
“The wood is generally of three sorts. The back, neck, sides, and 
circles are of sycamore : the belly, bass-bar, sound-post, and six blocks, 
of deal : the finger-bvard and tail-piece of ebony.” The finest violins 
now in use were made by one family, living in Cremona, The oldest 
came from the hands of Hieronymus Amati, at the commencement of 
the 17th century. He was followed by Antonius Amati, about the 
middle of that century ; and succeeded by Nicolas Amati, towards the 
end of the same. To these is to be added Antonius Straduarius, of 
Cremona also, who was contemporary with the two latter of the 
Amatis. And last, Joseph Guarnerius, at the beginning of the 18th 

entury. “All their instruments,” M. Otto adds, “‘ were constructed 
after the simplest rules of ng or as a cocina 
into my possession unspoilt, were made the following tions : 
fe belly was thickest where the bridge rests; then it diminished 
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about a third at that part where the f holes are cut; and, where 
the belly rests on the sides, it was half as thick as in the middle. 
The same proportion is observed in the length. The thickness 
is equally maintained all along that part on which the bass bar 
is fixed:.thence to the upper and under end blocks the thickness 
decreases to one-half, so that the cheeks are three-fourths the thickness 
of the breast, and the edges all round only one-half. These propor- 
tions are best adapted for imparting a full, powerful, and sonorous 
a The back is worked out much in the same proportion as the 


y- 

Steiner, of Apsam, is also celebrated for his violins. “They differ,” 
M. Otto tells us, “from the Cremonese, both in shape and tone. They 
are higher modelled, and their proportions of strength are calcnlated 
quite differently. A Cremonese has a strong reedy tone, something 
like that of a clarionet, while a Steiner approaches that of a flute.” 
The same author also gives the names of many German violin-makers ; 
but as they are not generally known out of their own country, we 
cannot afford any space to them, but refer our readers to the transla- 
tion of M. Otto’s work, by Mr. Fardeley of Leeds. 

Many years ago, M. Savart constructed a violin with straight sides, 

iffering in several other particulars from the ordinary instrument. 
Tt was tested by musicians, and reported on most favourably by 
M. Biot (‘ Annales de Chimie et de Physique,’ tom. xii.). It would 
—_— from this report, that a first-rate violin may be constructed for 
a few shillings, provided the parts be selected and put together on the 
acoustic a ail 5 therein described. We are unable to say what is 
the cause of failure, but it seems that out of Savart’s own skilful hands 
the experiment has not succeeded. 

VIOLIN STRINGS. [Carevur.] 

VIOLONCELLO (a diminutive of Violone, Ital, a contra-basso, or 
double-base), a musical instrument of four gut strings, the two lowest 
covered with silver-wire, and tuned in 5ths, a, D, G, and c; or, 
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This fine rich instrument is an improvement of the viol da gamba, 
the latter having formed one of the family of viols. [Vioz; Viot Da 
GamBa.] England may justly claim the merit of having given birth 
to the best performers on the violoncello that Europe has produced. 

VIRGINAL, a musical instrument now entirely disused. It is de- 
scribed by Dr. Burney as “a keyed instrument of one string, jack, and 
quill to each note, like a spinet, but in shape resembling the present 
small piano-forte. It,” he adds,“ has been imagined to have been 
invented in England during the reign of Elizabeth, and to have been 
thus denominated in honour of that virgin princess; but a drawing 
and description of it appeared in Luscinius’s ‘ Musurgia’ before she 
was born.” (‘ Hist. of Music,’ iii. 5.) The compass of the virginal was 
from the second added line below the base to the second added line 
above the treble—or four octaves. 

VIRGO (Constellation), the sixth constellation in the zodiac, sur- 
rounded by Libra, Bootes, Leo, and Corvus. It is best known by two 
remarkable stars : the first, Spica (a Virginis), a star of the first magni- 
tude, is in the hand, which holds ears of corn, typical of the harvest, 
which approached in the time of the Greeks as the sun neared this 
star; the other, Previndemiatrix, or Vindemiatrix (€ Virginis), took 
its name from the vintage. The star Spica forms a remarkable triangle 
with Arcturus and 8 Leonis (or Denebola); and of the bright stars in 
this triangle, Vindemiatrix is the one nearest to the line joining 
Arcturus and B Leonis. 

The principal stars are as follows :— 


Character. No, in Catalogue 
Not in Bayer. No. in Catalogue of British 
( ) of Fl d Associati Magnitude. 
B 5 4002 8 
n 15 4145 3 
7 29 4268 3 
3 43 4340 8 
€ 47 4367 -3 
6 51 4401 4 
a 67 4480 1 
¢ 79 4532 t 
« 98 4716 4 
t 99 4727 4 
A 100 4743 4 
> 105 4792 4 
Bw 107 4856 4 
(2) 109 4878 4 


Hesiod and Aratus unite in representing Virgo to be justice, who 
retired to heaven when the golden age came to an end: the former 
makes her the daughter of Jupiter and Themis; the latter, of Astreus 
and Aurora: others make her to be Fortune, others Ceres, &c, 

VIRIDIC ACID. [Tanntc Act; Viridic Acid] | ; 

VIRTUAL VELOCITIES. The name of the principle of virtual 
velocities, which is given to what is perhaps the most important gene- 
ralisation in mechanics, is very ill-fitted to express the idea which is to 


VIRTUAL VELOCITIES, 


VIRTUAL VELOCITIES. 


even the mathematical 


le, and 
ical deduction has so completely taken fe pa 
thing else, that little space is given even to interpretation of results, 
and none to illustration of first principles. The oe is a 
strong yee J to purely mathematical definitions, which, though they 
place the student in the smallest possible time at the beginning of his 
career of deduction, nevertheless make it difficult for him ever to con- 
nect his first principles (first equations we ought rather to call them) 
with the scien properties of She. marten eraas Bey sod i ee 
hraseology which sight and touch make him feel to be justifiable. 
We do not like the system of mechanics in which velocity is only 
ds ; dt, moving pressure but a name for mdv ; dt, and the principle of 
virtual velocities nothing but a nickname for 3rdp=0, For a proper 
description of real favts, we would rather that nature should or a 
vacuim, that fluid should ¢ry to find its level, that the centre of gravit 
should endeavour to descend as low as possible, and so on, Of suc! 
the mathematician must allow the use, if the learner be to 
the truth of the results of mechanics; and in no case is such 
se of more importance than in the illustration of the principle 
lore us, 
When we say that any m whatever is in equilibrium under the 
action of forces, it is obvious that the word equilibrium is only used 


for a state for rest, as opposed to one of motion; which last is ible 
to be imagined, and might actually ppt ps if it were not t the 
impressed forces mutually counteract other’s efforts, Ifa system 


could not move, if so many of its points were fixed that, consistently 
with those points remaining fixed, no geometrical possibility of motion 
was left, it would be useless to ask whether any given set of forces 
would keep that system in equilibrium or not, For the answer would 
be that the system must be in equilibrium, forces or no forces, But 
when it is left possible that a system may move, it then becomes a 
question whether a given set of forces will entirely prevent all motion, 
or will cause one of the possible motions to begin; and the alternative 
may be restricted by the use of as small a on of time as we please, 
What will take place during the first millionth of a second after the 
forces are applied, rest or motion? And instead of the millionth of a 
second, smaller fraction may be used; so that we may say the 
question of rest or motion, the settlement which of the two is to take 
place, may be considered as one which involves but an infinitely small 
portion of time, We shall throughout this article use the language of 
the infinitesimal calculus, leaving it to the reader to reduce it to the 
stricter form, if he think that there is such a thing. 

Now all the different infinitely small motions of which it is possible 
that a system may take any one — the infinitely small time dt 
which elapses after forces are applied to it—are called virtual motions. 
This word is not used in the meaning which it commonly bears, as 
when we say that a man who does not te a claim virtually (as 
good as) abandons it. When John Bernoulli used this adjective (and 
we can find none prior to him who did so) it was in a sense which it 
will not now bear; by a virtual velocity he meant any infinitely small 
velocity, or increase of velocity. But in modern times, virtual is used 
in the sense of potential, or possible; a virtual motion is one which a 
system might take, whether it take it or not: thus if forces keep a 
system at rest, it will not take any one whatsoever of the virtual (or 
possible) motions; but if they do not keep it at rest, it will, in the 
time dt which elapses after the forces are applied, take some one of the 
virtual motions, to the exclusion of the rest. Nevertheless, so long as 
it is geometrically possible that any one given motion might have taken 
place, we are at liberty to suppose that that motion has taken place 
(which is simply making an arbitrary displacement of the system), if by 
so doing, and noting the displacements which the different parts re- 
ceive. we can draw any conclusions as to the conditions of equilibrium, 

When we see a system in equilibrium, experience tells us that there 
are efforts at motion which are counteracted. Remove any one of the 
forces, or any part of one of them, and motion immediately begi 
It is true that friction and other resistances prevent our having so good 
a perception of this truth as we otherwise might have; since, when 
equilibrating forces are removed in whole or in part, friction frequently 
supplies the place and maintains the equilibrium. A little reflection 

however make it apparent that when a system is once in equi- 
librium, no addition nor subtraction of forces can be made without pro- 
ducing motion, unless the forces added or withdrawn be such as by 
themselves would maintain equilibrium. 

A system, then, at rest, makes efforts to move, which efforts are 
counteracted ; and the mathematical conditions of equilibrium, what- 
ever they may be, must express that every force endeavours to produce 
motion ; must contain, directly or indirectly, a measure of the 
of that foree; and must show that a complete counteraction of al 
the efforts at motion takes place. But here arises a question, and one 
which is of the utmost importance in the com) on of our prin- 
ciple. The number of virtual motions is infinite : —Does any 
given system of forces make an effort to produce every one of them, or 


t We know that, if the forces do oct ee 
ofthe veal motone ene in te hit owing applies 
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aceompanied by a slipping up or down that axis. 
axis, and suppose a screw, fitted to i 
moveably fixed in space), to be described wi axis: su) 

that the system to which the forces are applied is fixed to the screw, 
Here then is every virtual motion prevented, except one; so that if 
the system begitf to move, it must take that one motion. Now 

the given set of forces, and resolve them all in directions parallel to 
axis, and in planes perpendicular to it, There must be motion unless 
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ceptions (which, a 
rest), a given set of forces, acting on a given system, uce 
i motion, if others be excluded es when. ‘ore eo cal 
virtual motions not excluded, the system, if the forces do not balance 
one another, will take one in preference to any of the rest. The pre- 
ceding argument ought to be more but we have not room 
for such an explanation as would be intelligible to every one; most of 
the difficulty indeed lies in the purely geome’ conception of 
motion, and is foreign to our article, 

We are to expect, then, as the condition of equilibrium, a collection 
of conditions, an infinite number, implying bags fw an infinite Pgs 


nor retard any virtual motion. If one point be restrained to 
upon a given surface or curve, forces applied at that 
ndicular to that surface or curve are useless, for a simi 
hus suppose one point must be retained on a given horizontal 
any wviges ae = that pees ee ee re on os equilibrium ; it is 
merely equivalent to so much weight't laid wu plane. Generally, 
then, a force Deen. uo gllech im. oquiliietam waleer, Wee: aan 
which it is applied can move in the direction of that force ; thus weight 
produces no effect when applied to a point of which all the virtual 
motions are horizontal. But let the plane be ever so little inclined to 
the horizon, a point i to move upon it has somewhat of 
vertical motion ; weight applied at that point will have some effect in 
er pera It pels by naa to yt (and let it be remem- 
bered in these iews we are only stati ° 
lities) that the more a point ma: here ie rey ivan dy Ley 
force which acts upon it, the greater the effect of that force in 
ducing or disturbing equilibrium, Now since it is sufficiently eviden 
that, ceteris paribus,a force has more or less effect in proportion to its 
magnitude, for instance, that, under given circumstances, two pounds 
of pressure produce twice the effect of one pound, it seems 
any given virtual motion, the effect of each force varies jointly as the 
magnitude of the force, and the length over which, in that virtual 
motion, the point of application moves in the direction of the force. 
That is, suppose A to be the point of application of the force, and AQ 


Cy 


to represent its direction and magnitude. In one virtual or possible 
motion of the system, let a be transferred to R, infinitely near to a, 
Draw R 8 perpendicular upon Q A, then 48 is the space moved over in 
the direction of the force; and if the force contain P units of pressure, 
Px A8 is the product on the value of which the efficiency of the force 
seems to have some Here, however, the motion a8 is in 


* Simple translation is the extreme case in which the thread of the screw 
becomes parallel to the axis; and simple rotation the other extreme case in 
which the successive coils of the thread coincide. 

+ Here aguin the common ideas derived from friction must be abandoned 
a weight attached to such a point might help, by the friction on the plane, to 
equilibrate the system, 
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is the space 

the product on which the efficiency of the force seems to de 
here the motion aw is in the direction opposite to that o the force, 
and 


it is obviously less easy that the point a should move in the 
direction av, when the force acts in the direction ag, than it would 
] opposite direction at. Hence, to 
twhat has preceded, we may probably add that the efficiency of # tores, 
in promoting,or preventing one given kind of virtual motion, is to 
considered as of one kind or another i i 
e virtual motion of the point of application, 
action of the force, is with the direction of the force, or opposite 
to it. 
iiss eon pekires, toe Whey seo nathing more, will show of the pelt: 
moment it is announced, that it is a 


a 


toe! site pote Decompose the several 
the forces each into two, one in 
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reckoned positive which are in the directions of the forces, 
ve which are in the contrary directions. Then pdp+Qdq+ 
, is a quantity on which it depends whether the given 
can actually take place or not. If rdp+qdg+Rdr+ 
that motion cannot be the result of the applied forces : but 
&c. be not =6, that motion may take place. 
i is, no one of the possible motions can 
Qdq + Rdr + &c, is always = 0, for 
virtual motion ; and there is not equilibrium when one or more 

assigned, for which rdp + qdq + rdr + &c. is 


can 

not =0. chegcaled favs. eee pba nainge tener daphe which perhaps 

the first thing that wi i Golimggly payin irae St 
act 


tL 
rf 


fal 
Freee 
F 
F 
2f 


: 
: 


it. But if we sup the virtual 


dy 
re ot Ks te 
instead of pPdp +Qdq+ndr+&c. But the latter is the more con- 
venient of the two. The product rdp is called the moment of the 


are +dz, 
B make the angles A, », vy with the axes. Then, 


apa y(da? + dy+dz'), 


® Either of the words activity, efficiency, energy, would do as well; anything 
but moment, which has other meanings. 
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AB AB AB 

Now the line 4B decomposed in the direction of P, gives AB xX cos 
(angle made by P with a B) or 


AB (cos A. cos a+cos # . Cos 8+C08 Y . COS ¥y) 
or cos a. dx+oos 8. dy+cos y. dz=dp. 


Hence the moment of the force P is pcos a. dz +P cos B. dy+P cos 
+. dz, and the sum of the moments of all the forces is dw % (P cos a) 
+dy = (P cos 8) + dz = (P cos y), where & (P cos a) stands for P cos a+ 
P’ cos a +&c., and soon. But when there is equilibrium = (P cos a)= 
0, since P cos a, P’ cos a’, &c., are the components of the several forces 
in the direction of z. For similar reasons = (P cos 8)=0, 3 (P cos 7) 
=0, whence pdp+r’dp’+&c., is =0 for every motion of which the 
point is capable. 

Let there be any number of points, and let each of them be acted 
upon by any number of forces: but as all the forces which act upon a 
given point may be reduced to one, let R, be the force which acts on 
the first, and a, B,,‘y,,be the angles it makes with the axes: let 
Ray @, B,, Yq, Stand in the same relations to the second point; and so 
on. Let 2, y,,2,,be the co-ordinates of the first point, and so on. 
Let any of the points be connected by rigid bars without weight : and 
suppose A to be one of the points, and a B the bar connecting it with 
another point B, The point a, then, besides other forces, is acted on 
by a pressure called the tension of the bar, either in the direction a B 
or BA: while B, besides the other forces, is acted on by the same ten- 
sion, but in a contrary direction. Supposing a B to receive one of its 
virtual motions, and to come into the position uN (which need not be 
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in the same plane with ax), then if wo and Np be drawn perpendi- 
cular to AB, and if the position MN be infinitely near to AB, so that 
uo and Np need not be distinguished (so far as small quantities of the 
first order are concerned) from ares of circles with the centres B and a 
—it follows that a © may be considered as the diminution of the line 
if a only changed place, and came to M, while BD may be considered 
as the quantity by which it would be lengthened, if B only changed 
,and came to N. Hence, since the bar remains of the same 
, we have AC=B D, or at least the two only differ by an infinitely 
small part of either. But a 0 gives the virtual velocity of the tension 
at A, and BD that of the tension at B, and these lines being equal, and 
the tensions equal, their moments are equal; but these moments have 
different signs, one of the virtual velocities being in the direction of 
its force, and the other in the opposite direction. Hence the sum of 
these two moments is =0; and the same follows for the two moments 
of any other of the tensions, exerted by any other of the connecting 
bars. Let 7, be the sum of the moments of the tensions which act on 
the first point, T,, T,, &¢., of those which act on the second, third, &c., 
points; then, taking the principle as established above, for each point 
ly, we have R, dr,+7,=0, BR, dry+T,=0, &e.; by summing 
which we have R, dr,+R, dr,+ &c., +7,+T,+&c. =0. But 7,+ 
r, + &.=0; for, as shown, every term in each of 1,, T,, &c., finds an 
equal and contrary term in one of the others. Hence R, dr, +R, dr, + 
&c.=0, or the principle is established for any system consisting of 
forces applied to points connected by rigid bars, and this whether 
there be connections enough to ensure complete stability of form 
or not. 

Various other cases may be examined in which the same conclusion 
as the last will be arrived at, namely, that the principle of virtual 
velocities is true of the external forces only, and that those which 
arise from the internal forces of the system may be neglected. If, for 
example, one of the points to which a force is applied slide upon a 
string, in the manner of a bead, the ends of the string being attached 
to other points of the system, the two tensions are the same on both 
sides of the bead, and any virtual motion of the bead alone shortens 
one part of the string as much as it lengthens the other. Those parts, 
by which one side is lengthened and the other shortened, are, when the 
motion is infinitely small, the spaces from which the virtual velocities 
of the tensions are obtained, and they are of contrary signs. The 
moments of the tensions are therefore equal and contrary; or the 
principle is true independently of those tensions. Again, suppose one 
of the points of the system is restrained to move upon a given sur- 
face or curve; being tied in such a manner as to slip freely upon the 
surface or curve, without being able to leave it. The force which 
retains the point thus attached is icular to the surface or 
curve, but every virtual motion of that point is (when infinitely small) 
in the tangent plane of the surface or tangent of the curve: so that 
there is no component in the direction of the force, and the moment 
of the force 

When questions occur in which friction is an element, the principle 
of virtual velocities is not of very easy application. Even in the 
ordinary modes of solving such problems, the formule which must 
vanish when there is no friction, are not required to vanish, but must 
lie between certain positive and negative limits, depending on the 
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friction. A similar change must be predicated of the sum of the 
moments of the im forces ; but as even Lagrange does not 
appear to have thought the principle before us conveniently applicable 
to friction problems, we may well Gapéase with the consdlatenlon oat 
them here. When elastic bodies are in oreo the pri 
icities of 


ydrostatics 

(expressive, no doubt, of truths, but foreign to the mere enunciation 

t our ignorance of the molecular con- 
point we should recommend the student 
who has enough of mathematics to have recourse to the ‘ Mécanique 
Analytique’ of Lagrange, the standard work on virtual velocities: the 
demonstrations, so called, given by all the elementary writers we know 
of (even Poisson, see his ‘ Mécanique,’ vol. ii., p. 512, 2nd edition) are 
mere illustrations conducted upon the most limited suppositions. 
These are more than excusable, considered with reference to the sup- 
posed mathematical know of the reader; but it is not right to 
make him believe that he is considering a subject generally, when 
nothing but a limited case is presented to him. The great fault of the 
mathematical writers of our day is the want of l of incompleteness: 


)pulling being indifferent. 


here equal to {r: and at the point a each of the 
10, 9), and (11, 12), hopin’ a bares sacslee oe 50 


itis 
the string 
force P is, the two strings, applied at a. 
of the points nandc, If then, at the outset, the system ABC 
eae tbemaplian pete =" med oh ie Seaee ROE the 
i would produce equilibrium, it follows that there will 
motion when the weight ,Pr is made to act on the string; oe 
brating forces will at that instant be to the system ; the 
weight Paprstscpapiee sy er rhe ig He Pa a 
ow it is obvious a priori that if any forces a system - 
librium, forces exactly opposite to those forces will also keep it in 
eguilibrium ; if P, Q, a pe pay rege Pag so will —P, —Q, 
and—Rr, forces equal and opposite to the three. For it is obvious 
that all the six, P,—P, @, — Q. 8, —R, keep it in equilibrium, being three 
sets of equili forces. Take away the set P,Q, R, which, by hypo- 
thesis, equilibrate ,and the remaining set, —P, —Q, —R, 
then equilibrate it. But here it must be noticed that when 
inversion of directions is made, the inversion of the tensions must also 
be possible ; a force which before the inversion pulls by a string, must, 
after the inversion, be supposed to push that string: that is to say, 
the string must have the property of a rigid bar as to pushing or 
e reader of theoretical mechanics 
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and any one who looks in Poisson’s table of contents for *Démon 
stration du Principe des Vitesses Virtuelles dans l'Equilibre d’un 
Liquide,’ and compares it with the article indicated, will see a notable 


instance. 
When we look at the Erwceding demonstration of the principle, we 
see that it depends upon knowledge of the mode of compounding and 
decomposing forces ; but there is an @ priori proof of a most singular 
character, as extensive as can be given by the mode already used. 
This proof was prefixed by to the ‘ Mécanique Analytique, 
and judging from the slight degree of notice which it has obtained 
from succeeding writers on mechanics, we should suppose that it was 
disputed or thought unsound. We have ourselves strong objections to 
the form given by Lagrange ; but we believe that asound and sufficient 
method bad ope does exist in the principle which he has used; and 
this we endeavour to develope. 

Suppose, first, that all the forces which are applied are equal to one 
another; the case of unequal forces will follow very readily. As 
an instance, suppose three equal forces applied at the points a, B,0, in 
the directions AL, BM, CN; ABC being a solid triangle without weight. 
At a, 3B, 0, attach rings* to the tri system, and at L, M,N, 
attach rings to a solid frame unconnected with the system, except by 
the flexible string now to be mentioned. Let this string be made fast 
to the ring n at 1, from whence let it be carried through the ring ©, 


13 ~ 14 


1K Ov 


through the ring » at 4, from whence it is passed 

M ; being nowhere attached to the frame except at 1. Its course 

is then denoted by the numbers 1, 2, 3, 4, &c.; and, when it emerges 

at 14, let a weight be attached, equal to the half of the force which is 
uired to act at each of on A, B, 0; this force being P, the 

weight is 4p, The tension of string being everywhere the same, 


* Palleys, in Lagrange; but the wheel in the pulley is only a frietion-wheel, 
and, as we are at liberty to dispense with friction in our thoughts, we may also 
deprive the pulley of its wheel, 


| velocity is n 


i 


stom himself to the idea of a string which, mae 
flexible, can transmit a push or thrust in the direction of its . 
Imagine the direction* of gravity to be changed in the machine, so 
that 4p acts upwards, the string bei 7 of transmitting th 
thrust through the whole of its len othing is then g 
except the directions of the forces acting at a, B, ©, in gh manner 
P cannot 


i 


or descend, 
or ascending 


lace must be of a geometrical character, and Lagrange reasons as 
follows :—It will be sufficient that any infinitely small 


displacement of the system could let out string and give motion 
to the weight, the tendency of the weight to descend would 
duce that small displacement,. But (implies Lagrange) it is 
that any infinitely small displacement of the system should 
produce a displacement of the weight which is of an inferior order: 
or it is enough that the second displacement should be an infinitely 
small of the first. Here we cannot follow the Looting 
should the weight not be capable of descending because 


brium at all, it must be that in which a given infinitely dis- 


placement produces the smallest effect upon the weight ; so that, if 


there be one position in which every di ment produces relatively 
an infinitely small displacement of the weight, that position, or none, 
must be the position of equilibrium. We shall, however, proceed with 
’s reasoning, and shall then endeavour to show that it may be 
saved from the preceding objection at least, if not rendered absolutely 
rigorous. Let s be the fixed ring to which p (moveable with the 
stem) a 3 and ane ars in a cee i seen: —— 
ent o system, be removed to E. sD greater 8 
the string si te danatenbe tay’ tha sexmoral; and desing Alin ane al 
the perpendicular rk, the virtual velocity of the force acting in the 
direction ps is kp (and is positive), while the quantity by w 
string is shortened is kD; but if sx be longer than s D, the virtual 
ive, and the string is | ened. Hence, if a, B, y, be 
the virtual velocities of the forces in their own directions, the expres- 
sion 2a +28 + 2y is, if positive, the quantity of string let out i Pa 
displacement; if negative, the quantity taken in. Or rather we sho 
say that 2a+28+2y differs from the ene out or taken in by 
order; for kp and KD, even 
when ¥ is infinitely near to D, are not equal, but differ by a small 


Pa+PB+Py=0 is the condition of equilibrium : which is for this case 
the enunciation of the principle of virtual velocities. _ 


* Lagrange avoids this second case by an appeal to mathematics, which not 
only destroys the elementary character of the proof, but is of a character 
incongruous with the other parts of it, and is moreover not always correct, 
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Before proceeding to give our view of the manner in which this 
proof may be amended, we shall point out how to proceed when the 
forces are not equal. In such case they are either commensurable or 
incommensurable: let them be commensurable, and let them be lp, 
mP,nP, where J, m, n, are integers. Instead of passing the string 
twice only each ring, pass it 2” times through c and n, 2m 
times through B and M, 2/ times through a and, Then, the instant 
the weight $P is applied, there are 27 strings in the direction aL, each 
with the tension 4P, or altogether there is the force /P, applied to a in 
the direction AL; and similarly of the rest. If, then, a, B, y, be as 
before, we have 2/a+2mB+2nv, differing only by an infinitely small 
quantity of the second order from the quantity of string let out or 
taken in by an infinitely small displacement of the system. The usual 
methods apply for the extension of this reasoning to the case in which 
the forces are incommensurable. 

Let AL =a, BM=b, cN=c: then the whole length of the string as 
far as (13) is 22a + 2mb + 2nc + a constant made up of (4, 5), (8, 9), 
and (12, 13). Hence 2/da+2mdb+2ndc is the infinitely small 
quantity taken in or let out by an infinitely.small di ent ; taken 
in when positive, let out when negative; so that da, db, dc, answer 
NE TO 

1. It is established that, equilibrium existing, equilibrium will remain 
when all the forces take opposite directions. 

2. Neither a, b, c, nor their differential coefficients, can become 
infinite in any position of the system; so that the only way in which 
2la+2mb+ 2nec can become a maximum or a minimum is by 
2lda+2mdb + 2ndc becoming, in the of the differential 
calculus, nothing, that is, more strictly, an infinitely small quantity of 
the second order. 

Now let the weight 4p act downwards, and let it draw out all the 
string possible, and then rest. There must then be equilibrium, for 
every di + makes the weight rise; and the weight has no 

to take advantage, so to speak, of this power of rising. Con- 
sequently, there must be equilibrium when 2/a+2mb+2nc is a 
minimum, the weight acting downwards ; that is, when 21da + 2mdb 
+2ndc is always positive, and of the second order; or when Pl.a + 
pm. +Pn.y is always negative, and of the second order. And this 
ium is stable ; for any displacement makes the weight rise, and 
tendency is to descend, and restore the former state. 
the direction of the weight, and let the string communicate thrust 
instead of as before described. Then there is still equilibrium 
(which is demonstrable independently) because only the directions of 
the forces are changed; but since the forces change direction, the 
virtual velocities sign, and Pl.a +, &c., is always positive, and 
of the second order. Here, then, though the weight (we call 4p weight 
always, whether it tend upwards or downwards) tends to rise, and (geo- 
can rise, it does not rise: observe, also, that the 
rise an infinitely small quantity of the second order. The 
equilibrium in this case is unstable, for every displacement raises the 
weight, which does not tend to return. Now let the weight 4P act 
, and let it push in all the string possible, and then rest. 
thors neat then be equilibrium, for.every displacement makes the 
weight fall, and the weight has no tendency to take advantage of this 
uently, there must be equilibrium when 
maximum, the weight acting upwards; that is, when 
always negative, and of the second order; or when 
ways negative,* and of the second order; and this equi- 
ig displacement makes the weight fall, and its 
rise restore the former state. 


i 


ow reverse the 


change sign, and Pl.a +, &c. is alwa; 
, oh the 


fall, and (geometrically apap e how fall, it does not 
Observe, also, that the fall would be an infinitely small quantity 
second order; and the equilibrium in this case is unstable, 
displacement lowers the weight, which does not tend to 


lo 
cases, it appears then that whenever pPl.a +, &c. is, 
lacement, an nereay heer quantity of 
uilibrium ; stable when that sign is negative, 
positive. But supposing r/.a +, &c. to be of the 
order, sometimes of one sign, and sometimes of the other, 


second 
according to the displacement, the gen ig reasoning does not apply. 
eee ves howe b cast be spt without the assumption that an 


descent of the weight is of the second order, and always downwards ; 
the circumstance of the descent being of the second order, produces 
uilibrium, even though its direction is that which the weight can 
e. Still more must there be equilibrium when all the descents are 
of the second order at least, and some only downwards. 
Hence, in every case, Pl.a +, &c,=0 (in the common language of 


* When the action of the string is that of a thrust, it will be seen that 
dais = a, &c., since the virtual velocities change sign, 
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the differential calculus) gives a position of equilibrium ; and we have 
now to prove the converse, namely, that every position of equilibrium 
gives Pl.a+, &c.=0 (Lagrange proves this converse first). This 
converse can be proved, we submit, without taking it for granted, at 
once, with Lagrange, that if any motion of 4p of the first order 
were possible, the weight would, by its tendency to descend, take that 
motion.* 

Supposing the system to be at rest, and the weight to act downwards, 
it is obviously physically possible that a given finite velocity should be 
communicated to the weight. Suppose a blow to be given to the 
weight in a downward direction, such as would communicate a finite 
velocity ; what would be the effect upon the system at the instant 
when the weight receives the blow downwards? An impulsive strain 
upon the string, which would only communicate forces proportional to 
those already existing, and could not disturb the equilibrium. The 
system then cannot move, neither therefore can the weight move. 
Now as it is unquestionably physically — that the weight may 
take a finite velocity, the impossibility of moving the system must be 
geometrical ; or a velocity communicated to the system must, be it 
what it may at the first instant, communicate none to the weight; 
and the definition of velocity shows that this can only happen when, 
the displacements of the system in the time d¢ bearing a finite ratio to 
dt, that of the weight is infinitely small com with dt ; that is, 
when the displacement of the weight is infinitely small compared with 
those of the system. From this it follows that 27a +, &c. is infinitely 
small as compared with a, &c. 

We do not know how to make the preceding prove its converse, and 
we object to the mode pursued by ge. Having proved that 
equilibrium gives 2/a +, &c., that is, having proved it on the distinct 
assumption that the weight cannot descend in the first instant through 
a quantity comparable to a, &c., he then proceeds as fullows :— Re- 
ciprocally 2la+, &c. = 0, gives a case of equilibrium ; for “ the weight 
remaining immoveable under all displacements, the powers which act 
upon the s remain in the same state, and there is no more reason 
why they should produce one of the two displacements than the other, 
of any two in which a, &c. have contrary signs. It is the case of the 
balance which remains in equilibrium, because there is no more reason 
why it should incline on one side than the other.” Now, first, this 
reasoning might just as well be applied to prove equilibrium when 
2la +, &c. is not = 0; secondly, it is not the case of the balanced lever 
of Archimedes, for there is not that same symmetry, either geometrical 
or mechanical, which makes it impossible to admit either motion in 
preference to the other [Sratics; Surwicrenr Reason]; thirdly, 
there is a mechanical reason why one of the motions should be 
taken rather than the other, namely, that one in which the displace- 
ment of the weight (even though supposed of the second order) is 
positive. This last will appear sufficiently in the sequel. 

We shall now proceed to show that the moment the principle of 
virtual velocities is granted, a problem of statics becomes one of pure 
mathematics, This is all we can undertake to illustrate ; and for this 
purpose any mathematical result may be taken for granted. First, let 
the force p be decomposed into three, x, Y, z, in the direction of a, y, 
and z; and let the point of application move until the co-ordinates are 
x+dz,y+dy,2+dz, Then a force equal and opposite to Pp (of which 
the moment is —rdp) balances x, y, and z; so that the principle gives 
xdx + ydy + zdz+ (—rdp) =0, or pPdp=xdx+ydy+zdz. Do the same 
with each of the forces, and we have & (pdp) =3 (xd) + % (dy) + % (zdz). 
If the system be rigid, every virtual motion may be decomposed into 
two: a motion of translation of any one given point, and a motion of 
rotation round an axis passing through that point. Let a, yo, z, be 
the co-ordinates of any point which moves with the system, and let this 
point move so that its co-ordinates shall become x, + dp, ¥o + AYyy 

+dz,, at the same time that the system revolves through an angle 

» about an axis passing through the A ssga (os Yor 2), and making 
angles A, u, v with the three axes. If the consequence of this motion 
be that the point whose co-ordinates are x, y, z, moves so that its 
co-ordinates become «+dx, y + dy, z+ dz, we have 


da=dzx, + {cos p (2—2,) — cos v (y—yo)} dp 
dy= dy, + {cos v (c—a,)— cos A (2—z,)| dp 
dz=dz + {cos r(y—y,) — cos u(x—ay)| dp 
from which we find for 
%(rdp) or ¥(xdx) + B(xdy) + 3 (ud2), 
the following expression :— 
2X. day + (%2¥—YyS2) cos A dp + 3 (zy — xz) .cosrd dp 
+ 23x. dy, + (%)2%—z2,3X) cos we dp + 3(xz—2x) .cosu dp 
+22 . dz. + (yj3X—a,2¥)cosv dp + 2(vYx—xy). cosy dp 
* It seems to us just as sound to say that if there be any motion of the 
second order possible, the weight will take that motion, and in an infinitely 
small time acquire a velocity of the first order, which is exactly what takes 
place in a body falling freely from rest. 
+ Itis here assumed that whatever forces keep a system at rest, impulses 


proportional to those forces, and applied in the same manner, will not disturb 


the equilibrium, 
TT 
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and in the case of equilibrium this is always = 0. Sinoe dx,, dy, dt, 
cos Adg, cos nde, cos vd, can each receive value we please inde- 
SS < e can vanish when the «ix 
ollowing conditions are = 
zx=0 zr=0 Zz=0 
R(zy—yz)=0 8 «-(xe—zx)=0 89s B(¥x—xy)=0 


which are the six well-known equations of equilibrium of a rigid 
system. 

We might give more exam 
enter upon a point which wi 
student will not find it in any entary 


only reason why we .to be = 0 for that particular motion, 
is, that the forces to make the system set off with that 
motion ; orthat the incapability might exist even though that motion 
were the only one which the s could take, If then there be in 
the nature pee 9 ee particular case of 
virtual motion should be unattainable by the action of those forces, we 
have no longer any reason to say that (rdp) must be = 0 in that 


case. 

As a general rule, if P, 9, n, &c. be the 
+ndr+ &c., the sum of their moments; and if in one virtual motion 
dp=a, dq=8, dr=y, &o., that one virtual motion has its opposite, in 
which dp = —a,dq = — 8, dr = —, &c. And we shall presently 
see that if that one motion and its opposite be by proper restrictions 
made the only ones which the system can take, the system will begin 
to take the first motion if pa + QB + Ry + &e. be positive, and the 
opposite if p(— a) + @(— 8) + RB (— 7) + &e. be positive. In fact, a 
system must set off from rest in such manner that the sum of the 
initial moments is positive : and it is clear enough that either ra + 
&e., or P(— a) + must be positive unless both vanish. As a 

rule then, pa+ &c. must vanish; for if not, either the virtual 
motion first named, or its opposite, has a positive sum of moments, and 
can be, and (if no other motion can take place) will be, an initial 
motion of the system. But if ever it should happen that there are 
cases in which a virtual motion is possible, but ita opposite motion is 
im ble, then all that is requisite is that for the possible one of the 
, XPdp should be 0 or negative, not positive, There is another 
exception of a remarkable character, for which it will be better to 
wait until we come to see the meaning of the sum of the moments 
ina point of view. Excluding this for the present, let a 
yirtual motion which has its opposite be called a double motion, and 
one which has not its o; ite, a single motion; then the true state- 
ment of the principle of virtual velocities is as follows :— 

If Xrdp be nothing for every double virtual motion, and nothing or 
negative for every single one, there is equilibrium; and if there be 
equilibrium, then %(rdp) is nothing for every double virtual motion, 
aud nothing or n ve for every single one. 

We might easily have incorporated the consideration of these ex- 
ceptional cases of single virtual motions in the general proof. We 
shall now give a simple instance. Let a weight be fastened to the 
middle of a string, at the end of which are two rings; poe ey 
slide upon curves which have cusps as in the diagram, The weight 


ye 


in equilibrium, and the weight is the only external acting force: but 
its moment is not nothing (that is, is not of the second order with 
reference to the displacement of the rings), but is negative. The 
virtual motions of the rings are single, and can only be upwards, The 
reader who compares the ing omission in the statement of the 
principle‘of virtual velocities with Vantations, Cavovtus or, will see 
a remarkable likeness between the cases: in fact, these errors and 
several others depend upon the same sort of omission, which may be 
chop caper Snap Sea ser ae is true on con- 

ion that the quantity B is never positive ; , Benerally speaking, 
every negative value of » be accompanied by a coreapendiog scatsive 
one, then, generally speaking, (4) cannot be true if p be negative: that 
is, the truth of (a) requires s=0. But if there be exceptional or 


forces, and rdp + Q4¢q | with the 


, consists 
case i cael ded Sema the 


velocities is to dynamics 
principle which goes by the name of D’ 
pounded by him in treatise on d. ies, published in 1743, 
e have touched upon this principle in Forces, Iurnessep any 
Errrcrive, eed have referred the complete development of it to 

it a’ 

purpose to su 4 system of points con- 
consid mec cotieal sued ot calla 
Whatever may be the faults of the system of Cavalieri [(Cavatrent, in 


of a 


! 
3 
| 


pag egy according to any law, Again, when a system moves, 


nets hr? oa of oh, senrelostig’ ot Ge iean, at 
one instan ELOCITY velocity one point in 
direction, the acceleration (or yetaedintlcan negative per A at 


that one instant; that is to say, the rate per second at which 
motion is receiving acceleration at the moment named. From this 


y 
EE 


acceleration, as in the place last cited, we can determine the pressure 
which the mass of the point in question is actually ex at the 
moment; for on one mass there is but one pressure Ww. can produce } 


acceleration at one given rate. In this way then we can determine the ' 
pressures which the various —_ are 
undergoing ; and determination is made in terms motion, 
that is, in terms of the velocities and accelerations of molecules, 
the pressures being derived from the accelerations by reference to the 
known masses of molecules, The pressures so obtained are called 
effective forces, a sufficient and ve name. But it by no means 
follows that the forces applied at the different molecules are those 
which are effective on those molecules. Two molecules are i 
joined by a rigid bar without’ weight, and thrown into vacuous 
If these molecules were thrown separately, each would descril 
parabola; but as the case stands, the centre of gravity of the molecules 


points (or molecules *) of the 


eS 


pressed on that eg tbe other 


the third law of motion — * 
extremely le, if not 
tlan of the truth athe principle apy a 
Let the molecules have the sees Wy Oy, Son) ne bee ee 
forces be such as, in their directions, give the rates of accelera- 
tion P,, P,, &0,, if these molecules were free and unconnected. Then 
(Force; Mass; Vanrtation; Vetocrry]) 


pressed, on the condition pe Rage aiden 


the effective res, derived from the velocities in 
of the co-ordinates of #, y, and 2, and compounded in 
for each molectile, be such as would luce the rates 
ration Q,, Q,, &e.; so that the effective pressures are 
When two forces act on a point, either is equivalent 
with a certain third foree; let my, be equivalent to mq 
m, Ry; let my P, be equivalent to m, Q, and m, Ry, 
system (P) of impreseed forces is equivalent to the 


* A molecule, in geometrical mechanics, means a point, endowed with 
properties of a mass of matter, finite or infinitely small, as the case may be, 

t We here exclude friction and resistances, but only on account of 
ignorance of the action of theee forces, The forces lost (that is, lost 
respect to the systent) are here communicated to other substances, to the 
in contact or to the air, 
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and would 
uilibrate, ald 
ealeulated to sastane ott ata rely sad place, is to suppose that the 


is a system of expressed 

a by et teek ol alt ‘balance oe ‘enctbier foo it 
m,P,, the force impressed on m,, be equivalent to m,Q M,R,, 0 
which m, , is enough to produce what takes place, it is obvious that 
m,R,, 80 far as the molecule m, is concerned, is lost. It would be 
better to say that m,R, is transferred, and that all the forces trans- 
forred balance one another. Again, since (R) is wholly without effect, 
it follows that (P) is equivalent to (Q); or, at every instant of the 
otion, the impressed forces area set of equivalent statical powers 
with the effective forces; so that if either set were applied to the 
system at rest, and also the opposites of all the forces in the other set, 
there would be equilibrium. Or the impressed forces balance the 
i Atk thats signa. changed. ow the effective forces on 


m,, in the directions of 2, y, and z, are m, ©®1,m ©, m, 7%, ana 


similarly for the rest; while, if we decompose the rate of acceleration 
P,, into X,,¥,, %,,in the directions of «x, y, and 2, the impressed 
pressures in these directions are m,X,,m,¥,, and m,z,. And [Varta- 
gions, CALCULUS oP,] to distinguish the virtual motion which the 
uilibrium requires, from the actually coming motion 

terms of which the effective forces are expressed, we may use 82, 
inatead of dz, in the former, and so on. Hence, changing the signs of 
the impressed forces and combining them, so changed, with the 
effective forces, we have, for the fundamental equation of every 
dynamical problem-— 


: 3 (Ge —x) mae + 3 (Gh — x) may + 3 (Fn) mae = 0. 


From which are obtained, as in a preceding process, the following six 
equations of pate ny abbreviating d®z : dé into 2", and so on— 
S(me") = S(mx) — S {m(2’'y—y"s)} = S{m(ay—yz) } 
Z(my") = Bmx) ¥{m(a'z—2'x)} = B {m(xz—zz) } 
A(m2") = 3(mz) Bf m(y'x—2"y)} = 3 {m(vx—xy)} 
These equations express the property already mentioned [TRansta- 
TION], namely, that the centre of gravit: pores 8 as it would do if all 
the masses were collected there, and all the pressures applied there. 
We shall merely enumerate the steps of the proof of this proposition. 
The co-ordinates of the centre of gravity being ~,, y,, %,, we have », 
m= = (mz), ke., whence x,/2m = X(mxv") = ¥(mx), &e., which are 
the equations for the motion of a molecule of the mass =m, 
and to which the force 2(mx) is applied, With regard to the initial 
velocity which ought to be to the centre of gravity when the 
molecules are there collected, observe that 2,’= %(mz’) + 3m= 
qa+ 2(/mxdt) } + 3m, where « is the initial value of  (mz’). 


Consequently, at the commencement of the motion «,' should haye the 
same value as 3(m 2’) + 3m), or we should have z,'% m= ¥(m2’) atthe 
outset; that is, the momentum of the collected mass, in the direction 
of z, should be the same as the sum of the momenta of the molecules 
in the system, and the same of the other co-ordinates, Again, let &, 7, 
¢ be the co-ordinates, referred to the centre of gravity, of the point 
whose original co-ordinates are x, y, z. 

We have then 2=%, + ¥=% +1,252%,+(¢; also ¥.mé=0,3m7y 
=0,2m¢=0, Substitution gives 

3 {m(ty—y"2)} = yma — amr + % {m(C"g—n"Q)} 
= 3 {may +n) — mr(z,+ ¢)} 
whence 3 {m(¢"n—n"¢)} = 3 {m(an—¥¢)} 


ich, with the two other equations similarly deduced, are precise] 

ag which would determine the motion if the centre of gravity wae 
fixed and the forces then applied. We must refer to works on the 
subject for further development of these conditions, and shall proceed 
to cases more illustrative of the principle under consideration. 

the virtual motions, one of course is the motion the system 
is act about to take, In this case dz is dz, &., and the funda- 
mental equation becomes 


24m (ada + y!/dy + 2’dz)} = %{ m(xde + vdy + udz)}. 


Now the first side of this equation is nothing but the differential 
with respect to the time of 33 {m(x'?+y'2+2*)}, or 43mv%, v,,0,, &e., 
being the actual velocities of the molecules at the end of the time ¢. 
Hence we have 


Sm? =A + Bf mf (xdn + vdy + nde) } 


where 4 is the value of mv? at the commencement of the motion, 
and the integral also begins at that commencement, Rippees the 
system to be at rest at the commencement of the motion, then a=0, 
since each of the incipient velocities is nothing; consequently at the 
end of the’ first infinitely small element dt, 3mv? has changed from 
0 to m(xdv+¥dy+zd2), But this is precisely the sum‘ of the 
moments of the impressed forces in the principle of virtual velocities ; 
and =mv? being m, v,?+m,v,2+ &e,, must be a positive quantity. 
Hence the sum of the moments must be positive, for the virtual 
motion which the system actually tends to take; and this is the 
principle of which we have fo: the use in completing the cor- 
rect enunciation of the principle of virtual velocities, This might 
be suspected beforehand from the following consideration ;—The 
forces which have positive moments are those which tend, so far as 
they go, to produce the yirtual motion in question; and those which 
have negative motions to hinder it. Whatever motion the system 
takes, it must be one in which the forces tending to produce that 
motion predominate over those which tend to hinder it: or the forces 
with positive moments must have those moments together larger than 
the forces with negative moments, 

The choice which the system * makes among all the virtual motions, 
in which to begin its motion, is that in which the sum of all the 
moments of the forces is a maximum, in the sense which will pre- 
ssently be explained, Since every motion of a system can be reduced 
to a translation of the centre of were and rotation round an axis 
passing through that centre, let us reduce the yirtual motion to terms 
of the motion of and round the centre of gravity. If Zmx, &e., be 
P, Q, R, and if 3{m (zy—yz2)} &c., be L, M, N, it follows from what has 
been shown respecting the motion of this centre that its first direction 
of translation (the system starting from rest) is such that dw, dy, dz, 
are in the proportion of Pp, Q@,R, and that the axis round which the 
system begins to turn makes angles with the axes of w, y, and z, whose 
cosines are in the proportion of 1, u,andN, Nowsuppose any motion 
of and round the centre of gravity, and returning to the expressions 
in which the sum of the moments is given in terms of those motions, 
observe that we must write mx for x, &c., because the pressures are 
now represented by mx, &c., which were then represented by x, &c. 
Moreover z,2mY¥—y,%mz, and the other terms corresponding, all 
Tews, beste %=2mz--zm, &, We have then for the sum of the 
moment 


Pd, + Qdy, + Rdz + (L cosA + M cos w+ N cos v) do, 


Let the dis ent of the centre of gravity be du, we have then 
du=/(dx7+dy?2+dz,2). Now the theorem is, that for given values 
of du and dq, for a given amount of translation and rotation, the 
direction of translation and the position -of the axis of rotation, in the 
virtual motion which the initial effect of the forces actually causes, are 
such as to make the preceding expression a maximum. 

First, it must be shown by the common methods that for a con- 
stant value of p*+q?+r*, the expression ap + Bg +cr, if then 

itive, is a maximum when p,q,7 are in the proportion of a, B, c. 
ow in the actual motion of the system, Pdz,+Qdy,+Kndz, 
and (LcosA + &c,)d@, are positive quantities ; foy the first is the 
initially obtained value of 42m when the system is all collected 
in the centre of gravity and all the forces are then applied : 
and the second is the same when the centre of gravity is fixed and the 
system begins to move about it, And since the variables of the first 
and second are entirely independent of each other, the sum of the two 
is a maximum when each separately is a maximum. In the first dz,2 + 
&c., is a constant, being du*, and therefore the first is a maximum 
when dz,, dy,, and dz, are in the proportion of P,Q, R, But in the 
second, cos"A + cos*u + cos*y=1, whence the second is a maximum 
when cos A, cos 4, cos v are in the proportion of L, M, N, But these 
two sets of conditions put together precisely represent the motion 
which at the outset the system does take from the impressed forces. 
Whence the theorem is true, as asserted, 

We may now treat the srenpsion of which we have spoken in a 
preceding part of this article. Suppose that the moments in all the 
directions in which the system can move are equal, or else that there 
is among them a set which are oqeel, and each of them greater than 
any of the rest, Which of the virtual motions having these 
moments is the system to take? It cannot F scape either, and will 
remain in equilibrium, As an instance, let end of a string be 
attached to a curye on which it can slide freely, while the string sup- 


ports a weight. " Let the curve have a cusp pointing bs gist a with its 
tangent vertical, and let the end of the string be placed at the cusp, as 


* We confine ourselves here to a rigid system, though the proposition is true 
universally, But the universal proof would be too long, 


car VIS_INERTLA, 


in the diagram. There will be equilibrium, but ee virtual 
velocities will not be true, even in the extended form which we have 
used. The moments belonging to the two possible motions are posi- 
tive, but they are equal. On which side is the descent to take place ? 
The mathematician bas a in such cases, which may be easily 
and briefly expressed. The ex ion Xrdp, before it is used, requires 
that the quantities p,, p,, &c., should be reduced to the smallest num- 
ber of independent variables. Let ¢,, q,... be these variables, and let 
the sum of the moments, when red 
png Piva Sondra, The principle is then intelligible when, for all 


incapable of being used. 
virtual velocities, and attempt to reduce 


Xe 4s to its equivalent XP +, 


the first side, which may be made finite, is equated to an expression 
in which infinite terms occur, which is always a warning to expect 
the possibility of cases of exception. Circumstances of this sort have 
never received sufficient investigation, and in all probability there are 
numerous varieties of the cases of equilibrium which arise out of them, 
and which cannot be treated by the ordinary principle. So much we may 
certainly say, that if there be different virtual motions with the sums 
of the moments positive and maxima, either there must be equilibrium, 
or the test for determining which of the motions will ensue is wholly 
unknown. 


On the history* of virtual velocities, there is not much to say. 
Guido Ubaldi saw it in some cases, Galileo in some others; Wallis 
adopted it as a principle, and after him John Bernoulli, who gave it in 
the most general form. La made it the foundation of his 
* Mécanique Analytique,’ and since his time it has formed part of every 
well-constituted treatise on mechanics. It was in the ‘ Mécanique 
Analytique’ that the principle given by D'Alembert was first joined to 
that of virtual velocities in such a manner as to give the science of 

ics its present uniformity of system. 

VIS INERTLE. [Ivertia.] 

VIS VIVA, or living force, a name given in mechanics to the fol- 
lowing index of the state of a system in motion :—the sum of all the 
masses, each multiplied by the square of its velocity. If the system 
be considered as composed of a finite number of molecules, the vis viva 
may be expressed by the symbol Zmv*; but if it be a continuous mass, 


or a collection of continuous masses, by S vdm, or = Vg vdm. It is 


enough that the mass of every icle be found in the expression 
multiplied by the square of its velocity. ; 
In the article Vinrvat VELocrrizs-we see the equation— 


mv = Xm f (xda + ydy + zdz), 


the integral being taken for each molecule over the whole path which 
it has described since the beginning of the motion. 
Presuming a knowledge of the article cited, we may describe the vis 
viva thus :—Dividing the whole motion of the system, from. the 
to the time under consideration, into an infinite number of 
nitely small changes of place, each of those changes is one of the 
virtual motions which come under consideration in the principle of 
virtual velocities, And each motion has, generally s , its con- 
trary; and one of these two the system would tend to take, and to 
refuse the other, if its motion were for an instant restricted, so that it 
could only choose between those two. The one which it would tend 
to take is that for which % m (x d x + &c.) is positive. Now, it 
in the preceding equation that whenever the infinitely small motion 
which is taking place for the time being is that which (when restricted 
as above) the would take, the vis viva is receiving increase ; 
when that which it could not take, decrease. And the vis viva is the 
balance, so to speak, of all the sums of moments, each with its proper 
sign, added, also with its proper sign, to the vis viva at the beginning 
of Ld motion. 1 Sacer ‘oRCcE, CONSERVATION OF.] 
preceding equation is sometimes said to express the principle of 
the conservation of vis viva, which is to be understood thus he 
never acquires nor loses any quantity of vis viva from the action of its 
parts upon each other, but only from the action of external forces, If 
after a certain time all external forces cease, from that moment 
3m (xdx+ Ke.) is = 0, or d(Xmv*)=0, or Emv* remains constant, 
Another e perty of the vis viva is, that in all the cases 
which occur in nature, the amount of vis viva acquired in passing from 
one ion to another depends only on the co-ordinates which settle 
the initial and final positions. If x, &., be functions of co-ordinates 
pre idee} yrs happens that xdx+ydy +2zdz is an integrable func- 
tion, on co-ordinates only. But the force of this result is 
not easily seen 7 the Pope 
At the end of the 17th century a remarkable discussion took place 
on the question of the mechanical interpretation of the vis viva. 


* On this point, and many others connected with the history of mechanics, 
the reader will find specific accounts and valuable references in Walton's 
* Collection of Problems on Theoretical Mechanics,’ 
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Leibnits first gave this name : he considered force when it produces 
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other force. Various other instances were produced 
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certain that pressures were, ceteris paribus, ak rc to the 
velocities produced by them in a given time. John Bernoulli 
the opinion of Leibnitz, which gh ccc: Beirne cbatnahee 
raries ; and the controversy (the history of which may 
Montuela) continued until the publication of D'Alembert’s 
a the question was treated as being 
wo! 


It was objected to the opinion of Leibnitz, that though 
velocity would give four times the ascent, it ought not to be 
that it required twice the time: so that in a given time dou! 
velocity would produce only, double the ascent, one of the 
with another, This argument was never ily answered ; 
while we cannot help thinking that it ought to have been 
the question, we draw from it a conclusion different from 
D'Alembert ; we cannot think the dispute a mere question of words. 
It must be granted that, for all purposes in which time is not an ele- 
ment, the measure of the effect of a force may be the square of the 
velocity, as exemplified in the instance cited. But when is it that 
mechanical effect can be properly estimated without reference 
time in which it is uced? The definition of the words 
and effect may thus without doubt be accommodated either to the 
of Leibnitz or of his opponents; and those who disputed on the 
tion without requiring exact definitions might degenerate into 
question of words, But it ought to have a question as 
was 9 priaier segeations cs tie see 6k te the fundamental 
“ effect of a force,” the proper explanation of which must 
good reasoning in mechanics, pressure be defined. as 
produces a certain effect [PressurE] on our senses, undou! 
a known fact that uncounteracted pressure 4 
only when allowed to act for a finite time : uently, the element 
of time is as essential to the conbeyition of the phencubenba iis tania 
pressure or motion. Height in a gives area; but it would 
not therefore be allowable to measure 


u 


i 


ei 
liv 


: 


. 
a8 


REVEES 
He 


i 
B 
g. 
ee 
ee 


sense, it is very difficult to see why the cause, ieaprbelepy./ one! 


pter of the ‘ 
speculates upon what the laws of 
would have been if force had been as a function of the velocity, instead 
of as the simple velocity. We have never met with any one who 
could give us an intelligible account of the meaning of this investi- 
tion. 
VISCIN. [Brrpiime.] 
VISCOUNT, the name of a dignity which fanks fourth in the 
peerage, immediately above that of baron. It is the most recent 


nglish title, having, it is said, its origin in the time of Henry VI., 
who, in 1440, created by letters patent J: , Lord Beaumont, Viscount 
(Raman Scotland the title of Viscount was first granted by 

ames V. 


Camden observes that, although this is a new title of dignity, yet it 
is an ancient one of office: viscount, vicecomes, the d of the 
count or earl, is the Latin name for the sheriff of a county (SHERIFF), 
an office in ancient times held by persons of the highest rank. Whether 
the title of viscount was suggested by that office it is difficult to say ; 
but Spelman mentions that William the Conqueror made Baldwin 
hereditary Viscount (vice-comitem) of Devon and of Okeham ; 
and “he made Ursus or Urso Abtot viscount of Worcester, but 
his son was deprived of the title by Henry I., because he had killed a 
certain servant of the king; the office, however, was transferred 
through bis sister to the Beaumonts.” Spelman seems in these passages 
to consider this title as one of dignity before Henry VI.’s time, and as 
having been distinct from that of sheriff: in the first instance he joins 
it to this tithe of bards aiid aieek OF giiatines? in the second, he treats 
the Beaumonts, who are usually deemed the first viscounta, as ouly 
restored to a title which had been in abeyance or forfeited for three 
centuries. In the British peerage, in 1861, there were 22 viscounts ; 
and there were 41 Irish viscounts, of whom 10 held British peerages 
also, with 5 Scotch viscounts, of whom 3 held British peerages. 

(Spelinan, title Vice-comes, nomen dignitatis; Camden's Britannia 
(Gough's). i? exciv. ; 2, 299 3 4, 24.) 

SHN’U (from vis’, “to enter,” or “to pervade — the 

second place in the Trimartti, or Triad of the Hindas is the 


VISHN'U. 


VISHN’U. 


A5O 


Personification of the preserving principle. There is no doubt that his 
worship is of a very ancient date; but at the same time it is evident 
that it has experi successive and considerable changes, and that 
the forms under which Vishn’u is now worshipped in India are far from 
being authorised by the ancient scriptures of the Hindus, (For his 
place among Vaidik deities, see VEDA.) 

There is no trace of Vishn’u or anything relating to him in the 
Institutes of Manu, although the allusions which are made to idolaters 
and the worship of inferior gods (book iii., v. 152, 164) might possibly 
have some reference to him also. However, we might be led to expect 
that more notice would have been taken of him by Manu, since the 
: two heroie poems, the Mahibhirata and the Rimayan’a, which are 
generally believed to belong to the same period of Hindu literature as 
the Dharmma-S’fstra, or Institutes, have for their subjects two of the 
latest incarnations of this god, who therein assumes the attributes of 


the one supreme He is stated to have appeared before the other 
celestials, and to have agreed, at their humble request, to become man 
for the of ing the demon Ravan’a [Sanskrit LancvacE 


AND LiTERATURE], and to remain incarnate among men for the space 

of eleven thousand years in order to protect the world after saving it. 

(‘ Ramfyan’a, book i., sect. xiii, s'l 23.) The Mahabhirata relates 
the exploits of Vishn’u as Krishna; and the Hari-Vansa, a sort of 
supplement to that poem, details his genealogy, and a variety of 
legends exalting his power and recommending his worship. From the 
numerous allusions which these poems make to the other Avatdras, 
descents or incarnations of Vishn’u (‘ Ramayan’a,’ i., xxiv. 22; xxvii. 2; 
Ixvii. 15, &c.), we may safely conclude that at the time of their compo- 
sition his hi had. already been brought into a system, where the 
miraculous which he performs seem calculated to call forth the 
special adoration of the Hindus. 

The order in which these different Avatéiras are supposed to have 
taken place is by no means fixed, and the discrepancy in the different 
authorities with regard to Vishn’u’s actions on earth is sometimes very 

t. The ‘Vishn’u Purana, a System of Hindu Mythology and 
j Tradition, translated by the late H. H. Wilson, and published in 1840, 
contains a full account of them. The last Avatir is yet to come. 
These Avatars, there can be little doubt, represent some physical force 
or er, Professor Max Miiller, in his paper on * Comparative 
M ’ published in the ‘ Oxford Essays’ in 1856, has shown, 
from phi deductions, that much of the early m of 
most nations has been formed from “the absence of m tes ili 
words ;” and that “there are many mythes in Hesiod, of origin, 
where we have only to replace a full verb by an auxiliary in order to 
change mythical into logical language.” But, he observes, the Puranas 
offer no assistance to the comparative a “The stories of 
S'iva, Vishn’u, Mahideva, Parvati, Kali, Kri , &e., are of late 
indigenous to India, and full of wild and fanciful conceptions.” 

Still, as the believers in Vishn’u are numerous in India, it may be 
interesting to give a slight sketch of the various sects. First, we must 
state that Vishn’u’s heaven is called Vaikun't’a; for a description of 
which we refer to the first volume of Ward’s ‘ View of the Religion, 


Literature, &c., of India.’ 
His names are as numerous as those of S’iva, and may be found 
enumerated in the Krishn’a- , or “the thousand names of 


Govinda, Padmandbhi, Vasudeva, Trivikrama, , &e. 
By his wife Lakshmi, the of beauty, he had Kaima or 
Manmatha, the god of love. The Puran’as, which are the text-books 


for the Vaishn’avas, are the Vishn’u, Naradiya, Bhigavata, Garud’a, 
Padma, and Varaha, which are called Satwika, or pure and true. 

Sects of Vaishn’avas.—The first authentic records we have of the 
different worshippers of Vishn’u date from the 8th or 9th century of 
our era. At that time the two great divisions of Vaishn’avas and 
S’aivas were in a flourishing condition, and each embraced six sub- 
divisions; those which belonged to the Vaishn’ava faith are the 
following :— 

1. The Bhaktas, who worshipped Vishn’u as Vasudeva, and wore no 
characteristic marks ; their worship was that of the one supreme lord 
of the universe. 

2. The Bhégavatas, who thus called themselves from a name of 
Vishn’u, and im upon their persons the Vaishn’ava insignia, 
representing the discus, club, conch, &c., of their divinity. But they 
had an ixture of superstition in their reli; creed, and 
reverenced the T'ulast plant and the Sdlagrdma stone, of which more 
will be said hereafter. The authorities of both these sects were the 
Upanishads and the Bhagavad-Gita. 

8. The Vaishn’avas differed only from the preceding sect by pro- 
mising themselves a sort of sensual paradise after death in Vaikun't’a, 

4. The Panchardtrakas, who worshipped the female personifica- 
tions of Vishn’u. 

Besides these there were, 5, the Vaikhdnas'as, and, 6, the Karmma- 
hinds, who abstained from all ritual observances. 

These six sects, of which some have disappeared, have given rise to 
about twenty different schools, which for the greater part exist to this 
day. Amongst other divisions of less importance, the Vaishn’ayas are 


usually distinguished into four principal Sampradfyos, or sects, of 
which the most ancient and respectable is the S’ri Sampradiya, 
founded by the Vaishn’ava reformer Rimfnuja Acharya, who lived 
about the middle of the 12th century. The establishments of the 
Rémé@nujtyds ave still numerous in the Deccan, and the same country 
comprehends the site of the Gaddi, or the pillow-seat of the primi- 
tive teacher; his spiritual throne, to which his disciples are success- 
ively elevated; and this circumstance gives a superiority to the 
Ach: of the south over those of the north of India. The worship 
of this sect is addressed to Vishn’u and to Lakshmft, and their 
respective incarnations, either singly or conjointly; and this causes 
many subdivisions according as these Vaishn’avas adore either Nara- 

an’a or Lakshmi, or Lakshmi Narfydn’a, or Rima or Sita, or Sita- 
Rama, &e. Images of metal or stone are usually set up in the houses 
of the private members of this sect, which are daily worshipped, and 
the temples and dwellings are all decorated with the Sa a stone 
and the Tulasi plant. A peculiarity of this sect is that they always 
cook for themselves, and observe the most scrupulous privacy in eating 
their meals. 

The chief ceremony of initiation in all Hindu sects is the com- 
munication by the teacher to the disciple of the Mantra, which 
generally consists of the name of some deity, or a short address to him. 
It is communicated in a whisper; that of the Ramanuja sect is, Om 
Ramaya namah, that is, Om Salutation to Rima! 

The Hindu sects are usually discriminated from each other by 
various streaks (Bhaktichchheda) on their faces, breasts, and arms; for 
this purpose all the Vaishn’avyas employ a white earth called Gopt- 
chandana, which should be brought from Dwarak, it being said to be 
the soili of a pool at that place, in which the Gopis drowned them- 
selves when they heard of Krishn’a’s death. (This word means the 
“ sandal-wood of the Gopis,” and is nothing but a kind of calcareous 
clay.) The followers of Ramanuja have for their authorities the S’rt 
Bhadshya, the Gtta-Bhdshya, the Veddsht'a-Sangraha, and the eight 
Satwika Purin’as; besides numerous other works which are still cur- 
rent in various of India. The doctrine contained in these 
books is called the “ Vis'isht’adwaita,” or doctrine of unity with 
attributes ; for although the Ramfnujas maintain that Vishn’u and 
the universe are one, yet, in — to the Vedanta school of 
philosophy, they deny that the deity is void of form or quality, and 
regard him as endowed with all good qualities, and with a twofold 
form—the supreme spirit, Paramdtmd, or cause, and the gross one, the 
effect, the universe : and in these assertions they are followed by most 
of the Vaishn’ava sects. 

The members of this sect are in the north of India called S’ri- 
Vaishn’avas, and are decidedly hostile to the S’aivas; nor are they on 
friendly terms with those Vaishn’avas who worship Krishn’a, although 
they acknowledge that deity to be an incarnation of Vishn’u. 

Sowanta the end of the thirteenth century of our era, Ramdnanda, 
originally one of the earliest teachers of the tenets professed by the 
preceding sect, retired from the society, and established a schism of his 
own at Benares. The principal object of worship of RamAénanda’s 
followers is Vishn’u as Ramachandra: they of course reverence also 
the other Avatéiras, but they maintain the superiority of Rama in the 

t or Kali yuga; hence they are collectively known as Ramavats. 
ey also reverence the Sdlagrima stone and the Tulasi plant, and 
their forms of worship correspond with those of the Hindus in general ; 
but some mendicant members of the sect consider all forms of adora- 
tion superfluous, beyond the incessant invocation of the name of 
Krishn’a, and Rima. They are known as Vairdgis or Viraktas. There 
are many subdivisions of this school, which it would be tedious to 
enumerate. 

A sect of great influence, to which the most opulent part of the 
population of India belongs, is that of the Rudra-Sampradaya, or 
Vallabhicharis. They attach themselves to the worship of Krishn’a 
and his mistress Radha, one of the Gopis of Vrindavana, either singly 
or conjointly. There is, however, another form which is more popular 
still, although much interwoven with the other. This is the Bala 
Gop4la, or the Infant Gopila (Cowherd—a name of Krishn’a), the 
worship of whom is very widely diffused amongst all ranks of Hindu 
society, and which originated with the founder of the Rudra Sam- 
pradiya, Vallabha Acharya. The worship of Krishn’a as one with 
Vishn’u dates evidently from the Maha-Bhirata, and his juvenile 
forms are brought pre-eminently to notice in the account of his 
infancy in the Vishn’u and other Purfn’as; but none of these works 
discriminate him from Vishn’u, nor do they recommend his infantine 
or adolescent state to peculiar veneration. Eight times a day ceremo- 
nial worship is paid, and the procession of Jugganatha is (or was) held 
in his honour, The most popular festival at Benares is the Janamash- 
t'ami, the nativity of Krishn’a, on the eighth day of Bhadra (August). 
Another is the Résa-yatra, or annual commemoration of the dance of 
the frolicksome deity with the sixteen Gopis. This last is a very 
popular festival, and is celebrated with the greatest solemnity. 

The Brahma Sampradiya is a sect instituted in the south of India 
by Madhava Achirya, who was born in the Saka year 1121 (a.p, 1199), 
The doctrine of the members of this sect is similar to that of the 
Rudra Sampradiya, with the exception that they deny the Moksha, 
or final emancipation; they also hold the Yoga to be impracti- 
cable: for according to them life is one and eternal, dependent upon 


. a he | —_ 
7 Ree i? 
on VISIER. VITRIFIED FORTS. ona 
the Supreme (Vishn‘u), and indissolubly connected with, but not The original description of the general nature of the vitrified forts 


. 


same with him; they quote the following line from the Mahopanishad; 
* As the bird and the string, as juices and trees, as rivers and oceans, as 
fresh water and salt, as the thief and his booty, as man and objects of 
sense—so are God and life distinot, and both are ever indefinable ;" and 
this one from the Garud’a-Purin'a; “From the difference between 
omniscience and partial knowledge, omnipotence and inferior power, 
supremacy and subservience, the union of God and life cannot take 
place,” is division of the Vaishn'’avas is however confined to the 
peninsula, and is altogether unknown in Gangetio Hindostan, 

Besides these sects, which are the most conspicuous, the Vaishn'avas 
comprehend the Khikis, Maluk Dasis, Senais, Mira-Bais, Nimévata, 
Charan’‘a-Disis, &o, 

‘This acoount of the Vaishn'ava sects has been chiefly derived from 
Professor Wilson's valuable paper in the fifteenth volume of the 
‘ Asiatic Researches,’ to which we refer the reader for fuller 
information. 

Most of these religious sects are divided into clerical and lay 
members, as it were; the bulk of the votaries, though not always, 
belong to the latter; while the rest, or clerical class, are sometimes 
monastic and sometimes secular. Of the omnobitic members of the 
different communities most pursue a wandering and mendicant life; 
indeed all of them at some period have led such a life; but when old 
and infirm they sit down in some previously existing math, or monas- 

, or establish one of their own, 
he Maths, Asthals, or Akiras, the resid of the m com- 
munities, are scattered over the whole country; they generally com- 
peshens a set of huts or chambers for the Mahanta, or superior, and 
is permanent pupils; a temple sacred to the deity whom they wor- 
ship, or the Samédh, or shrine of the founder of the sect, or some emi- 
nent teacher; and a Dharma Sala, one or more sheds or buildings 
for the accommodation of the mendicants or travellers, who are 
constantly visiting the Math, Ingress and egress are free to all: 
and indeed a restraint upon personal liberty seems never to have 
cotene into the conception of any of the religious legislators of the 
us. 

Of the inanimate objects sacred to Vishn'u the Silagrima stone is 
the principal; it forms a profitable object of traffic, and enjoys the 
highest veneration of most of the Vaishn’avas, The as are 
mostly ammonites, found in the bed of the Gandhaki river, of the 
size of an orange. The reasons why this stone is worshipped are very 
* contradictory and by no means satisfactory. We refer to the most 
plausible ones in the ‘ As. Res.,’ vol. xii.; W. Hamilton, ‘ Description 
of Hindostan,’ vol. i, ; Forbes, ‘ Oriental Memoirs,’ vol. iii.; and Ritter, 
‘ Erdkunde,’ vol. iv, 

VISIER, [Viztr,] 

VISION, [Liont; also Eye, in Nav. Hist. Drv.] 

VISITATION. [Anrcupracon; Brsxor.)} 

VISITOR. [CotLeaz; Uses, Cuanrrasie. 

VISUAL DISTANCE. The relative position in which objects are 
seen is usually expressed by the relative direction of lines drawn to 
them from the eye; and the angle contained by two such lines is the 
angular or visual. distance between the objects. [Distance.] Visual 
magnitude may be estimated in a similar way, forming what is called 
the visual an,le or apparent magnitude of an object. 

VITELLIN. A form of albumen found in tho yelk of eggs. 
[ALBuMey.} 

VITREOUS ELECTRICITY, [Etecrricrry, Common.) 

VITRIFICATION, [Grass.] 

VITRIFIED PORTS is a name that has been given to certain 
remarkable stone enclosures existing in parts of Scotland, which 
appear to have been subjected to the action of fire. Attention was 
first called to the subject by Mr. John Williams, a civil engineer of the 
last century, who had examined some of them while conducting certain 
mining operations in the Highlands under the orders of the Board of 
Annexed (or Forfeited) Estates in 1773, and who, in 1777, published a 
disquisition about them, under the title of ‘An Account of some re- 
markable antient Ruins lately discovered in the Highlands and 
Northern Parts of Scotland: in a Series of [13] Letters to G, 0. M., 
Esq,’ 8vo. a Williams gave these piles the name of vitrified 
forts, wnhesitatingly assuming that they were artificial structures. 
Nevertheless the idea, that the so-called forts were of volcanic origin, 
which had been previously held by Scottish writers, was soon after 
started anew by Pennant, who had seen one of them, and was taken up 
by other ssanlilors; in particular it was attempted to be established 
by the Hon. Daines Barrington, in a paper read before the Society of 
Antiquaries in 1781, and published in the sixth volume of the ‘ Archmo- 
logia’ the following year, But this notion may be said to be now fiiven 
up on all hands. The subject has also been discussed by Dr. James 
Anderson and other writers in the ‘ Archwologia.' the ‘ Memoirs of the 
Wernerian Society,’ the ‘Transactions of the Royal Society of Scot- 
land,’ the ‘ Statistical Account of Scotland,’ and of late yeara at some 
length by Dr. John Macculloch in the ‘ Transactions of the Geological 
Society of London,’ and in his ‘ Highlands and Western Isles of Scot- 
land ;’ by Dr. Hibbert, as the result of a series of inquiries set on foot 
by the een of Scottish Antiquaries, and =a in the fourth 
volume of their ‘ Transactions, and by Mr. D. Wilson, in his‘ Archwo- 
logy of Scotland,’ 


oti 


given by Williams not been corrected or contradicted in 
imatarial point by subsequent observers. Aas hia vowe wore sapprted 
at the time, on ieal and other considerations, by Dr. and 
also by James Watt, who (apparently before the subject had attracted 
the attention of Williams) had y and carefully examined the 
same fort (that on the hill of Craig Phaidrick, or Craig Patrick, near 
Inverness) which Pennant had A description of this 
fort by Watt and a letter from 
account, 

Every vitrified fort Williams had seen was situated on the top of a 
small hill, overlooking and commanding a surrounding valley or plain, 
always having at the summit a level area of greater or leas extent, and 


for the most part inaccessible or very steep, at least on one side, 


few yards of the first, in others is removed from it 
distance; but this outer enclosure is merely 


blocks of stone; it is the inner wall only which is entirely or 


vitrified. Williams's account is, that the materials have been “ run an 


stones 
the vitrified 


height was commonly about twelve feet. > 
Above fifty of these vitrified forts in all have been found, dispersed 
over the shires of Inverness (in which they are most numerous), Ross, 
Cromarty, Banff, Moray, Argyle, Aberdeen, Perth, Forfar, 
and Bute. Two or three have also been discovered in the southern 
counties of Wigton, Kirkcudbright, and Berwick. The most celebrated 
are that on the hill of Knockfarril, or Knockfarril na Phian, that is, 
the Place of Fingal on Knockfarril, on the south side of the of 
Strathpeffer, two miles to the west of Dingwall in Ross-shire; 
already mentioned, on the hill of Craig Phaidrick, two miles west 
Inverness; that on the hill of Noth, in Aberdeenshire; that on Dun 


hill of Laws, near the village of Drumsturdymuir, a few miles to the 
north-east of Dundee; that at the entrance of the bay of Carradale. 
Cantyre; that in the parish of Kingarth, in the Isle of Bute; hat 
(very slightly vitrified) on Barryhill, in the parish of Meigle, 
shire; those on Castle Finlay and Dunevan, in Nairnshire; that 
Tordun Castle, about three miles from Fort Augustus; that on the 
rout side of Gleneves, in Lochaber, about three miles south from Fort 
illiam., 

Setting aside the theory of the volcanic or otherwise accidental 
origin of the vitrified forts, which appears to be untenable, seeing that 
they are manifestly artificial structures, we have still two suppositions 
between which to choose in accounting for the appearance they present, 
The vitrification may have been part of the process of their erection, 
and designed as a substitute for the ordinary cement; or it may have 
been the result of accident afterwards. The latter view was suggested 
by Lord Woodhouselee so early as 1783, and has since been supported 
by Dr, Hibbert and Sir George Mackenzie; the former, which was that 
taken by Williams and other early investigators, has been ably defended 
in recent times by the late Dr, John Macculloch. It is impossible for 
us here to enter at length into the considerations which have been 
advanced on both sides: they amount for the most part to but i 
and unsatisfactory probabilities. Dr, Hibbert’s notion is that the in- 
closures were intended for the protection of beacon fires; and he has 
endeavoured to show that the elevations on which they are erected 


are so chosen as that one of these signals could always be seen — 


from another. His views are adopted by Mr. Wilson in his valuable 
‘ Archwology of Scotland,’ before referred to. Dr. Maceulloch, on the 
other hand, maintains that this is not the fact. Besides, he observes 
that the extent of most of the enclosures is far beyond what could 
have been required for any beacon fire: the area of that at Amwoth, 
for instance, is not less than 2700 square yards, How also, it ia 

should it have happened, as is generally the case, that the walls 


lack are subjoined to Williams's — 


‘ 
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be vitrified on both surfaces, the exterior as well as the interior, if the 


were 
contends, is manifest from the whole character 
works—both the vitrified walls and the surrounding defences, 
“vary in form and size according to the ground 
are so contrived, just as a military work would be 
in the hands of a modern engineer, that they may command all the 
access, and prevent the enemy from advancing where 
cover.” Macculloch further sought to show that the material of 
which the walls are built has evidently been selected with a view to 
ing vitrified. But, as Mr. Wilson observes, his 
the fact, already familiar to the chemist and 


F 
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_ geologist, that there are few districts in Scotland where rocks do not 


occur more or less capable of being vitrified.” The materials that 
have been commonly used are granite or moorstone, limestone, sand- 
stone, and what is called pudding-stone, all of which have the quality 
of being more or less easily fusible by fire. None of these forts are 
“same yal eget they appear indeed to be peculiar to 
Scot! } 

VITRIOL. A name formerly given to the sulphates, Thus the 
terms green, blue, and white were re ara to sulphate of pro- 
toxide of iron, sulphate of copper, and sulphate of zine respectively. 
Sul ioe. 

ITRIO. HITE, IC. 

VIZIR, or VEZIR, saline name of the ministers of the sultan of 
the Turkish empire, and is also given as a title of honour to several 
other high functionaries, civil as well as military. The word is of 
Arabic origin, and means literally “the bearer of a burden,” as vez 
i ‘the action of bearing or a burden.” Some write 
zr, or vazir; but this is not correct. From vizdr, a substantive 
the action of supporting a prince in the administration 
is formed vizdéret, the dignity or function of a vizir, 
generally call vizirat. There are two plurals of vizir: the 
‘kish plural, vizirler, which is the common ; the Arabic plural, 

which occurs in imperial decrees, as for instance, in “vuzerai 
zevi-lihtirim,” “the illustrious grand vizirs.” The post of a 
directs state affairs when the etn arog om 

from doing it, isa i i 
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circumscribed. He is now only the head of 
other ministers have distinct departments and 


as in European governments. At first there was only one vizir. 
Bue diour‘Tesh (Ironstone), a of Mitrad I, having gained a 


>i a ag 
Mohammed II. seven; Miirad IIL, six; Miirad LV., nine; but 
from the time of Ahmed III, there were ouly seven vizirs who were 
real ministers. The title of visir is likewise given to the’ Begler-Beys, 
or governors, of Rumelia, Anatolia, and Damascus, to the four high 


judges, the grand equerry, the sirdar, or field- , the chief master 
of the forests, and to several other high functionaries; and in former 
times it was given to the silihdar, or armbearer of the sultan, and to 
the agha of the janissaries, two dignities which are now abolished. 
Sometimes, also, this title is conferred upon governors of Sanjaks, as 
was the case with the famous *Ali Pasha of Janina, after his victories 
over the French in 1798. The title is now considered as ranking next 
below that of Mushir, or field-marshal. The insignia of a vizir are a 
splendid dress of velvet embroidered with gold, pearls, and precious 
stones, a turban with an ornament of diamonds, and a standard, to the 
top of which are attached three horsetails, and which is carried before 
them by an officer: hence the title of pasha of three tails, which is 
id with vizir, The dress of the grand vizir is still more mag- 
nificent than that of the common vizirs, from whom he is distinguished 
by several privileges: he receives the solemn visits of all the high 
functionaries, including the common vizirs; he commands the centre 
of the army in battle; and, except the sultan, he is the only person 
who is saluted with the “ alkish,” a kind of benediction pronounced by 
those who appear in the presence of the grand vizir. The words of the 
“alkish ” are, “ Allah Gmerler were efendtimtize!” (God give a long 
life to our master !) 

(Hammer, Des Osmanischen Reiches Staatsverfassung, &e.; Geschichte 
des Osmanischen Reiches ; Kieffer et Bianchi, Dictionnaire Turk-Lrancats, 
sub. voc. § Vizir’ and ‘ Alkish.’) 

VOICE, The voice (from the Latin wr) is an audible sound pro- 
duced in the larynx, The design of the present article is to treat of 
the sounds of the human voice in its two great functions of Song and 
ps be The tomenclature and notation of music [Music] are here 

opted, with such an extension, based upon the same principles, as is 
necessary for the purpose. 

The infinite varieties of sounds heard in the human voice are 
all embraced under the general terms Pitch, Loudness, Quality, and 
Duration. 

The scale of the human voice, from the lowest note of the bass to 
the highest note of the soprano, within which limits composers write 


vocal music, is four octaves in extent, nainely, from mi, 2, 


te 
3 


———— 
a 


— 


in the bass cliff to mi, r+, in the treble cliff. There have 


been instatices, but they are very tare, of voices capable of descending 
lower, atid others of ascending higher than those limits. This scale 
of sounds is divided into voce maschile (male voice), which extends 
from mi (z) in the bass to do io the treble cliff; and voce feminile, 
or voce biancha (female voice) which extends from fa (¥!) to mi (#4) in 
the treble cliff. 

The lower or male voice part of the sealé is subdivided into Bass and 
Tenor, each containing two octaves: the bass extends from mi (rn) to 
fa (*) ; and the tenor extends from do (c') to do (c"), 

The upper or female voice part of the scale is subdivided into Con- 
tralto and Soprano, each containing two octaves: the contralto extends 
from fa (8!) to fa (v*); and the soprano extends from do (c) to mi 
(e'). These are the four scales within which musicians com vocal 
music for each class of yoice. The following diagram exhibits the 
seale of the human voice and the relation of its subdivisions ;— 
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' N.B. The terms Alto, Contralto, and Counter-tenor are the same, 


Intermediate between the bass and tenor is another male voice, 
extending from Ja (A) Bf («*), and termed the Barytone. And 
between the Contralto the Soprano is another female voice, 
Tee en tae ethan The 
voices of eunuchs boys are classed with female voices. 

By reference to the diagram it will be seen that the scales of the 
several voices overlap each other in the great compass of the human 
voice ; thus the bass overlaps the tenor eleven notes, so that the tenor 
descends to within five notes as low as the bass ; while the bass ascends 
to within four notes as as the tenor, 
to both bass and tenor 


Eleven notes are common 
es, and any musie whose variations of pitch 
are within the of those eleven notes can be sung either by a tenor 
ora bass voice. It also by the diagram that a tenor voice 
reaches to within three notes as high as the contralto, and mid-way up 


the soprano compass; giving twelve notes common to the tenor and 
contralto, and eight notes common to the tenor and soprano scales, 
which explains the wide range of music which tenor voives can sing. 
The i compass of a voice is about twelve notes. Many 
singers’ voices however extend to two octaves; some even beyond two, 
and some have reached three octaves. Catalani’s compass is said to 
have been three and a half octaves. 
The compass of soprano and some other voices is divided into 
of which there are two, namoly, the natural and the falsetto. 
The former is termed in the Italian school voce di petto, which means 
chest voice; and the latter voce di testa, which means head voice, To 
these the Italians add another, which joins the two registers, and 
which somewhat es of the character of both; it is named the 
mezzo faleo, or le falsetto, The extreme upper notes of the 
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falsetto are by sume termed the fautino, or flute register, but this | voice may be accelerated in each of those parts. It will be seen that 
appears to be an subdivision. The following table exhibits | these modifications of pitch greatly multiply the number of speech- 
at a view the voices and registers ;— notes. And this number can be again greatly increased be pate ot 
ao facets i Aa ald sgh agile ‘ous forms of loudness of voice of 
oe Mae : t is capal i 
T Rae Cheek oe Falset Fits coed 
arytene, Chest pound speech-notes consist of both the simple vocal move- 
Contre en nga ae ‘ a, ments combined in a variety of circumflexes. They were first noted 
Mezzo-Soprano .| Chest . .| Mezzo-Falso . .| Fulsetto on the staff by Mr. Steele, from whose ‘ Rationalis’ the — 
Soprano. .| Chest «| Mezzo-Palso | | Falsetto .| Flautino, | following diagram is copied :— 
In this musical distribution of the registers of the voices there is no 0. _ 
falsetto given to the basses. The bass and voices however are nas 
both capable of extending their compass by running up into a falsetto, 
and hence they box and E ward have a mezzo-falso register also, The = 
falsetto i by bass si to tate " 
volte ta tha came burs ana d — Sopp. Numerous as are the varieties of circumflexes, admit of 
There is ns Saaest lower voice by which voices of all kinds are | Classification, of which the following, partly taken from Dr, Rush, is 


able to descend lower in pitch than in the natural . The term 
basso-falsetto has been proposed to designate this voice, but the term 
lower falsetto is more accurate. 

The Quality of the Voice.—Each person's voice has a distinct quality, 
or tone (timbre of French authors), by which it is ised, even when } 
singing in unison with others. e terms which are adopted to 
describe the qualities of the voice are vague: they are descriptive, 
such as nasal, guttural; descriptive by comparison with other sounds, 
as silvery, flute-like, musical; and metaphorically descriptive, as pure, 
clear, deep, brilliant, flexible, attractive, mellow, &c. Attempts have 
been made to connect certain qualities of the voice, as fulness with the 
bass, brilli with the soprano, &c., but without success, It is 
however quite true that those who are accustomed to hear much 
singing would mostly recognise any voice to be a bass, tenor, &c., 
although singing in unison with contraltos or sopranos, The essential 
distinction however between voices, as the bass and tenor, is not the 
quality, as stated by some physiological writers; for a voice is classed 
among basses or contraltos, as the case may be, solely in consequence 
of its compass lying within the limits of the bass or contralto scales. 

Each voice its natural and falsetto qualities, which belong 
respectively to the natural and falsetto registers. Besides these there 
is in song an improved quality named pure tone, and in speech a cor- 

ing improved quality named the oratorical tone. 

Song-voice,— The song-note is a musical sound of some fixed pitch in 
the musical scale. When a clear resonant voice produces a song-note, 
the accompanying harmonic sound may be heard just as it is with the 
sound of a vibrating string. The song-sounds of the human voice 
an arranged into the diatonic, chromatic, and enharmonic scales, 

sto. 

§ -note.—The speech-note is not a true musical sound, because 
its pitch varies throughout its duration. These notes are termed 
slides, accents, and inflexions ; and they may be imitated on the violin 
by sliding a finger up the finger-board while the bow is applied. These 
notes may have an ing or descending course in pitch, and some- 
times have both ona syllable, The varying pitch of a speech- 
note will be illustrated if the reader, with an intense feeling of inquiry 
utter aloud Hamlet's interrogatory “ Pale, or red?” The speech-note 
on the word “pale” will consist of an upward movement of the voice ; 
while that on “ red" will be a down movement, and in both words 
the voice will traverse so wide an interval of pitch as to be con- 
spicuous to ordinary ears; while the cultivated perception of the 
musician will detect the voice moving through a less interval of pitch 
while he is uttering the word “or” of the same sentence. And he 
who can record in musical notation the sounds which he hears will 
perceive the musical interval traversed in these vocal movements, and 
the place also of these speech-notes on the musical staff. 

Speech-notes are of two kinds, namely, simple and compound. The 
simple consist of a single rising or falling movement of the voice. 
These movements may be of any extent from a semitone up to an 
octave. These differences of extent give — simple rising speech- 
Selec eudies eoereae Io falling vin ¢ Sine 5 econ et 

ve, as many simple falli -notes, ing a to’ 
sixteen distinct simple speech-notes, Mr. Steele accurately repre- 
sented these notes by diagonal lines on the musical staff. The length 
of the line indicates the interval or dimension of the note; and its 
situation on the staff indicates its local pitch, as in the annexed 
diagram, Nos. 1 and 2, where the eight notes ascending and descending 
are in accordance with Mr. Steele’s notation, 


No. 1. No, 2. No. 3, 
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In these notes the sliding movement of the voice is equable, that is» 
it passes through equal spaces in equal times, The voice however in 
some notes is retarded in some of its course, su that it passes 
through unequal in equal times. Mr. Steele noted this retar- 
dation of the voice osu igec iy: Seed ead eager part, as 
in the above diagram, No, 3, Now the voice may be retarded at the 
beginning, at the middle, or at the end of a speech-note, And the 


of this article of the accuracy of this ancient statement. It is true 


adopted :— 
The number of constituent vocal movements. 


1. Simple cireumflex consists of two movements. 
2. Compound circumflex consists of three movements. 
8. Continuous circumflex consists of more than three movements. 


The direction of the first vocal movement. 


1. Direct circumflex has the first an w movement. 
2. Inverted circumflex has the first a downward movement. 
The dimensions of the vocal movements. 

1. Equal circumflex, each movement of equal dimension. 

2. Unequal circumflex, each movement of unequal : a. 

In forming a circumflex speech-note, the voice may be retarded or 
accelerated in , a8 well as move equably through its course. The 
possible varieties of circumflex are almost infinite, and the number in 
ordinary use is far beyond what would be anticipated. This will 
account for the immense variety of sounds which are heardin human 
utterance, and which has been more a subject of declamation than 
thoughtful inquiry. 4 

The Compass of the Speech-voice.—Several of the rhetoricians of 
pean speak of the changes of pitch of the voice seldom 
a on any one syllable. Observations conducted for twenty years 
on the leading public speakers of the period have convinced the author 


that higher intervals are used, even up to the octave, but very al 
ae) ee ee less common occurrence in oratory 
e 


Speech melodies seldom exceed the limits of an octave and a half. 
Whatever the speaker's key note may be, he seldom rises more than a 
fifth above it, or descends more than a fifth below it in pitch. A 
person’s key note is generally somewhat below the mi of his 
compass, which circumstance enables most speakers to ascend an octave 
if required for the purpose of expression. The following notation of 
Mr. Steele's speaking compass, taken from the ‘ Prosodia Rationalis, 


is interesting :-— 

Height of d speech. a di 
= t = Fleigh of 

Commonlevel . .  . _——— e 


"F  Lowest note of speech. 

The voice of song (that is, a song-note) has been described as’ con- 
tinuing throughout its duration on one level line of pitch. This de- 
scription was necessary at the outset in order to state the essential 
distinction between song (musical) sounds and speech sounds, — 

Close observation however of the -notes of singers, a 
dramatic music, will show that many 0} the notes are not of 
pitch, but that the voice rapidly slides through some interval, com- 
monly of a tone, and the song-note is produced at its summit. Let 
the slide be equal to a iquaver, and the song-note a minim, 
or rather to a minim minus the semiquaver slide, which is stolen 
from the quantity of the song-note: many singers reach seve- 
a agree a as senha Tae slides according to the subjoined 
notation :— 


os ; t 


In taking the intervals from a fundamental note, it is not uncommon 
to hear a rapid slide through the entire sabeeal proocing Sites 
fourths, &c., and the song-note at the summit of the slide, according 
to the subjoined notation :— 


vat 
=e a |. 
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Similar notes often occur in the passionate intonation of the wide 
intervals of operatic music, 


VOICE. 


VOICE. 6:8 


These song-notes closely approximate to those speech-notes in which 
the movement of SRcteenai neleaBed-ak-Ghie apper park of lie ancent ; 
and the approximation is the nearer in proportion to the greater 


Sometimes the song-note is preceded by a descending 


slide, which may be of the interval of a tone, as in the subjoined 
. diagram :— 


e/ 


The slide is however frequently heard of greater intervals, especially 
in the musical expression of high excitement of feeling, as in the sub- 
joined diagram :— 


‘ notes, with a tone, 3rd, 5th, and Sve, respectively, ascending and 
descending : 


ary ; 
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being always on 
the weak part of the measure, the alr from ite principal tot produce 
y 


by a rapid slide of the voice, and thus approximates to.a speech-note. 
In the following illustration taken from Callcott’s ‘Grammar of Music,’ 
p- 83, the effect of the first slur is similar to a circumflex speech-note, 
of equal intervals and inverted flexure; and the second slur is in effect 
Sinton to an unequal inverted circumflex :— 


* Our limpid streams,” Joshua, 


The preceding illustrations are given with a view of indicating, and 
not of exhausting, the subject. 
Of Recitative—The notes of song, of , and the mixed notes 


and the concluding sy 
and mixed notes. 


Of the kinds of Melody in Song, Speech, Recitative, and Chant. 


Song.—A. succession of single sounds forms a melody or tune, 
[Musto.] A melody is said to proceed when its successive 
notes are in proximate degrees of the scale; and a melody proceeds by 


skips when it omits or leaps over one or more degrees of the scale. In 
eee es 28 fe madicddy: of the 
Hymn, taken from Callcott’s ‘ Grammar ;’— 


“ Jesus Christ is risen to-day.” 
Ld J J 


In the incantation meso ore the opera of ao cbicor temp Berd has 
produced an effective melody, consisting of a repetition o: same 
sound. For the rhythmical arrangement of the sounds in song, see 
Music, Ruytus, and Prosopy. 

Speech.—In speech, as in song,a succession of single sounds con- 
stitutes a melody. A -melody formed of speech-notes ma: 

in all varieties above described of song. [E1ocurion. 

sia, RAC aie. To atee bends to that of the 

music, It is m . speech-melodies however the 
rhythmus is that of the , 

Recitative.—Recitative ies also proceed in all the varieties of 
ete te accompanied recitative, although the musical rhythmus takes 
the , yet the singer has much latitude, and in a great con- 
trols the musical rhythmus. In unaccompanied recitative the musical 
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rhythmus entirely yields to the singer's ideas of what is appropriate to 
the required expression. 

Chant——Chant melodies also proceed in all the varieties of song. 
The ordinary melody however consists of a rapid iteration of the same 
note through a clause to the concluding four or five syllables, which 
are set in an appropriate succession. The following notation from the 
Litany, as pate os the Rev. P. Penson, of Durham Cathedral, is 
quoted from the Leeds Church-Service, edited by Mr. Hill, the choir- 
master :— 


ar 


Remember not, Lord, our offences, nor the 
offences of our forefathers, neither take thou 
vengeance of our sins; spare us, xood Lord, >with us for © - ver. 
spare thy people, whom thou bast redeem 
with thy most precious blood, and be not angry 


The first note, sol, G, is rapidly reiterated on each syllable to the last 
five. The rhythmus is left to the taste and feeling of the chanter. In 
both recitative and chant the words are more distinctly uttered than 
in song. This arises from the structure of the notes, which are chiefly 
either speech-notes or those song-notes which approximate to them. in 
— of which distinct utterance is infinitely easier than in the notes 
of song. 

the Voice as a Natural Language of the Emotions,—The voice, 
whether it be or be not united with verbal language, is expressive of 
the feelings. The voice is the language of the feelings, by which they 
manifest themselves to the ear without previous teaching; and when 
heard, are ised and felt without teaching. The scream of terror, 
the shout of joy, the laugh of satisfaction, the laugh of sarcasm, the 
laugh of ridicule, are made by man and understood by his fellow-man, 
wherever the one may be born and whatever may be the speech of the 
other. The voice is a natural,a universal language. Each mental 
attribute has its voice, which is in relation to that attribute; and 
whether that attribute form part of the mind of man or brute, it 
instantly recognises the voice. The piercing cry of pain, the affright- 
ing scream of terror, the voice of joy, are common to all, and recog- 
nised by all. The voices of the feelings, so far as pitch, duration, and 
loudness are concerned, are capable of notation. Dr. Colombat has 
attempted the notation of cries arising from various pains: and Dr. 
Burney has noted the song of several birds. The changes of pitch pre- 
sent the most remarkable changes in the voice; and on these main, 
depend the voices of the feelings. ‘The mind adopts changes of pitc 
to express its condition, and the interval of music is but a means of 
measuring, and thence imitating, that expression. A higher intensity 
of feeling increases the interval. Composers know this fact, and avail 
themselves of it in dramatic music. The of Handel, Mozart, 
Beethoven, Weber, and Rossini are full of illustrations of it.» The 
“Messiah,” the greatest of all musical compositions, abounds with 
degrees of intensity of the same feeling. 

On the Improvement and Preservation of the Vvice.—In the im- 

ement of the song-voice the great objects to accomplish are, 1. To 
improve its quality in clearness and resonance, 2. To make every note 
in its compass equally pure. 3. To extend its compass both above and 
below. 4. To obtain power to produce a prolonged note on each 
degree of its compass. The accurate intonation of the scales is pre- 
supposed, for without that all training is musically useless. To ‘effect 
these objects, various systems of discipline are proposed, but none 
would be successful without the governing ear and voice of a master. 
The work, however, of Signor Crivelli stands in the foremost rank. 

For the preservation of the song-voice the two great principles are, 
1. To be temperate in all things, as eating, drinking, &c. ; and, 2. Daily 
practice in the scales of music. 

In the improvement of the speech-voice, the first great requisite is 
so to produce voice that it may not be injurious either to the general 
health or to the throat in particular. 2. To improve its quality in 
clearness and resonance throughout its compass. 3. To extend its 
compass both above and below. 4. To produce a prolonged speech 
note on each degree of its compass. These have seldom been systema- 
tically attempted, and not only have many orators been limited in 
their success by the defects of their voices, but many have been 
obliged to discontinue their avocations, especially the clergy, either 
from the injury to the throat or to the general health which public 
pri produced. The primary object of elocutionary science, like 

of physical, is to produce the greatest possible effect with the least 
expenditure of power; but, as in song-training, no system can be 
successful without the governing ear and voice of a master. The work 
entitled ‘ Cull on Public Reading’ contains an outline of speech-voice 
training which has been eminently successful. 

For the preservation of the speech-voice, as for the song-voice, 
temperance in all things is required ; also daily practice in the several 
forms of h-note. By this means public speaking may become 
a pp 8 and heal exercise, 

The ancient orators were accustomed to exercise their voices daily 
in pre} declamations, and to ascend and descend through the 
compass of the i 


eir voices by repeating about 500 lines of verse from 

memory. The ancients adopted various medicaments and diets as 

beneficial to the voice, and certain nostrums are recommended at the 

present day; but let the orator depend more on a proper exercise of 
UU 
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his organa, as the singer does on his, and he will be rewarded with 
cheerfulness and health, 

VOID. [Vacuum 

VOLATILE OILS, [Orts,] 

VOLCANO. The situations on the 
have made or found channels to the of the land or to the bed 
of the sea, are termed vol A vol is merely the chaunel of 
upward communication from the subterranean fires; the mountain in 
which the volcano acts, and the extensive mounds and masses of ashes, 
lava, &c. (substances hereafter described), which surround it, are the 
effect and the measure of the expansive mechanical forces which are 
relieved by the pouring forth of the streams of melted or flowing and 
plastic rocks, the showers of ashes, torrents of steam mingled with 
gases, and of water, which constitute the eruptions. By considering 
the nature of these solid, liquid, and gaseous substances, their mutual 
relations and respective functi in volcanic ph , and the 
circumstances of their ejection, some progress may be made towards a 
chemical theory of the nature and origin of the subterranean fires ; but 
to gain a proper notion of the mechanical forces set in action during 
volcanic excitement, we must enter upon a larger inquiry :—the eon- 
nection of earthquakes and volcanic eruptions, the relations of one 
voleanic district with another, especially as to coincidence or reciprocity 
in the times of their violent activity or remarkable repose ; and the 
history not only of volcanic phenomena which are now in progress or 
have formerly happened in particular situations, but the general his- 
tory of the effects of the disturbance of the internal heat during all 
gree ogical periods and over all parts of the globe. Those mechanical 

orces, it must be remembered, are simply the correlates of this heat, 
and come into action, primarily, in consequence of the antagonistic 
action of the sun’s rays upon the surface of the earth, and its more 
immediate results in changing the position of the matter constituting 
that surface. 

Has this extensive inquiry been followed out so completely and 
methodically as to justify a belief that the true theory of volcanoes is 
reduced, as several other branches of the great theory of nature have 
been, to a plain process of induction? That many geologists suppose 
so is evident from the decision with which their general speculations 
are advanced; but the student who desires to clear and 
te inferences without being troubled with contending hypo- 

will find it necessary to class the phenomena as if the inquiry 
were very far from completion. The following views may aid his 
researches into this large and interesting subject :— 

Succession of Volcanic Phenomena.—A complete history of any one 
yoleano, by showing us its origin, its alternations of rest and activity, 
its progress to decay, and its final extinction, would furnish a sufficient 
base for a general theory of yoleanic action; for the analogies among 
all burning mountains, as to form, structure, composition, and asso- 
ciated phenomena, are such as to warrant the application of a few 
general laws and one theory to them all, But we know not completely 
the succession of phenomena which have happened in any one voleano. 
We have indeed examples in abundance of new islands and new moun- 
tains being raised in our own days and giving forth fire; we have 
the hist ry of Vesuvius as an intermitting voleano for nearly eighteen 
hundred, and that of A2tna for above two thousand three hundred, 
years ; and we may contemplate on the banks of the Rhine, in Hun- 
gary, and in Auvergne, the aspect of a country from which the subter- 
ranean fires appear to have withdrawn their forces before (though in 
the country last named probably not long before) the origin of history. 
The birth, continued activity, decay, and extinction of volcanoes are 
phenomena seen in separate parts of the earth's surface, and acquire 
unity and consistence only by being rightly combined into a correct 
general view of volcanic action. 

Earthquakes,—Previous to volcanic eruptions generally, whether 
theee happen in old craters or burst up in new situations, earthquakes 
prevail, sometimes for a considerable period, in the vicinity of the 
yoleano, and extend their terrors to considerable distances from it. 
Near to the centre of future violence springs have been known to fail 
and others to burst forth, and unusual noises have been heard, 
Previous to the year 1538 the Neapolitan shore had been disturbed by 
earthquakes for two years; and these symptoms of subterranean dis- 
turbance were succeeded by the production of the Monte Nuovo (on 
= over the ancient site of the Lucrine Lake) in the space of forty-eight 

ours, 

Among the effects of great earthquakes are fissures in the crust of 
the earth, both in voleanic regions and in distant situations. In 1811 
and 1812 the movements of the ground in the valley of the Mississippi 
and in Caracas caused vast depressions and elevations, some of whieh 
remained, so a8 permanently to affect the drainage and change the form 
of the surface. Some of the numerous fissures produced in Calabria 
by the earthquake of 1783 assumed a radiating form, and it is con- 
jectured by Lyell that in these situations the ground was perma- 
nently raised. In 1669 the flanks of AZtna were fissured, and through 
the opening the Monte Rossi was raised, by ejection of ashes, &c., to 
the height of 450 feet. In 1759 the new volcano of Jorullo was formed 
on the plains west of Mexico by the accumulation of ejected materials 
(as is now known) into a mountain 1695 feet 

By these instances, taken from situations far from other volcanoes 
(Jorullo), at points in the vicinity of active and extinct volcanoes (the 


obe where subterranean fires 


Monte Nuovo), and on the sl of a frequently cone (the 
Monte Rossi), it appears that oneal frgpeerrs Mpreence. v9 rs 
the history of volcanic phenomena is the opening of the ground,— 

a. Along a line of +. Ina system of intersecting fissures, 
Such acute, Be when happening on land, constitute subsérial volcanoes; 
and when occurring in the bed of the sea they produce submarine 


The preceding statements relative to the connection of earthquakes . 
and volcanoes, and the alleged elevation of land by the former, are in 
ment with the inferences generally drawn from both classes of 
phenomena prior to the publication of recent inductive researches 
on earthquakes, of w! , and of their results, we have given some 
account in the articles Earraquake and Sersmo.ocy. Seismic and f 
voleanic energy are evidently the same in origin, manifested in the 
former in a manner purely mechanical, and in the latter inathermal 
(if not chemical) and also mechanical manner. But we must now admit 
that these phenomena are not related as cause and effect. Earthquakes 
do not produce or commence volcanoes, or initiate, though they may ‘ 
be simultaneous with. volcanic eruptions; nor do volcanoes. cause 
earthquakes, though there is a common eause, or chain of causes, for ; 
both. Mr, R. Mallet has shown that fissures even are never uced : 
by the direct passage of the wave of shock in an earthquake, but are a 
mere secondary effect, conformed to and determined Fon dipor 
slope of the subjacent beds of rock, and are no more incipient 
landslips. ‘The movements of the ground in Caracas and in the valley 
of the Mississippi, mentioned above, were in all probability of . 
description. In like manner, having deduced from theory, as well as 
inferred from observation, that earthquakes cannot produce elevations 
(although the latter have been known to have taken place about the 
same time as earthquakes and in the same region), he examined with 
care more than 150 miles of sea-coast, as well as river-courses, for 
evidence of any permanent elevation of land having taken place even 
concurrently with the earthquake of the 16th of December, 1857,— the 
greatest that has occurred in Italy since that of 1783, referred to 
above,—but found none. 

The production of elevations and true fissures appears in fact to be a 
third great effect, or class of effects, of the common chain of causes of 
earthquakes and volcanoes,—to be a distinct uence from them of 
“the tendency of the globe to swell into froth at the surface,” to use 
the emphatic and comprehensive expression of Sir F. W. Herschel 
That a volcano begins by the production of a fissure, through which — 
the ejections constituting an eruption are subsequently to be di i 
by the continuance of the force originating the fissure, is most probable; 
though it may often happen that the elevation of such materials from 
below falls short of an eruption, and merely fills the fissure (afterwards 
to be observed as a dyke), or that the materials elevated are of a 
different description, and are not otherwise related to volcanic pheno- 
mena than as being effects of a common primary cause —subterranean 
heat. We shall again have to notice the light thrown upon the 
philosophy of voleanoes by the recent investigations of quake- 
phenomena. 

Eruptions.—When by some movement of the ground a channel is 
opened from the interior to the surface of the earth, a paroxysm of 
Volcanic excitement follows, and an eruption happens through the new 
opening. There may be a slow outpouring of melted rock, pressed 
upwards against gravity by an internal force; or a violent upburst of 
clouds of scorim and ashes, mixed with larger stones ; or a torrent of 
the same materials mixed with water, and constituting mud; or 
volumes of steam and gases of different sorts ; but permanently gaseous 
matter appears to be much inferiof in quantity to aqueous vapour, and — 
jeeguanily , if not generally, to be the least important product or educt 
of an eruption, These are exactly the products, singly or in combina- 
tion, which are delivered by long-established vents, and, as far as we 
can judge, the same have been yielded by voleanoes which probably 
became extinct before the historic ae ae race ; uae 
the volcanoes of all regions agree generally | is respect, ;: 
therefore, the condition of the interior parts of the earth, which ~~ 
under the influence of volcanic excitement, is of a general and 
continuous nature, and must be sup; eapable of interpretation 
by examination of the products and the circumstances of their 


| 


extrication. 

The enormous flashes of lightning which Eris: f volcanic erup- 
tions, issuing from the ascending column of steam solid ejections, 
and which are equally characteristic of eruptions originally subaérial, 
when they rise into the atmosphere, have been cele from the 


time of P) iny ; but they had not been accounted for in any satisfactory 
manner, having only been vaguely referred to an evolution of electricity 
connected with the intense actions of various kinds taking place in the 
eruption. After Mr. (now Sir William G.) Armstrong had observed 
the electricity of effluent steam, Mr. Brayley pointed out the precise 
analogy of the sparks given by it, to this volcanic lightning. (‘ Phil. 
Mag.,' Series 3, vol. xviii. p. 94.) Dr. Faraday ae ascertained 
that the electricity of effluent steam is produced, in reality, by the friction 
of the globules of water, resulting from its partial condensation, and of 
particles of foreign matter, both merely driven onward 
4 mechanical agent, upon the substance of the tube 
issues, In the eruption of a volcano we have all these elements in 
perfection, and on an immense scale, the foreign particles being supplied 
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by the volcanic ashes, and we may therefore conclude, that the enor- 
mous evolution of electricity accom ing it arises from their friction, 
as in the hydro-electric machine. It is probably the greatest example 
in nature of the production of frictional electricity 
Mass of Voleanie Products.—Now the first thing which arrests the 
attention in regard to the circumstances which accompany the products 
of voleanic eruptions, is the enormous mass of materials ejected at 
i points. In 48 hours, in 1538, the Monte Nuovo, 440 feet 
Pixh ana sooo feet in circumference, was thrown up in a place which 
may be regarded as a new vent of the Neapolitan volcanic region. In 
1759 a new vent was opened west of Mexico, a new volcanic mountain 


(Jorullo) was thrown up to the height of 1695 feet, and an area of: 


three or four miles was covered with its lavas. (See col. 670.) Between 
July and Au; in 1831, Graham's Island had been raised from the 
sea. 100 fathoms deep, to a height of 107 feet above the sea, with 
a circumference of 3240 feet; in September its height was 100 to 230 
feet, and its circumference 2300. In the winter of 1831-2 the whole 
vast heap of ashes had been di by the waves, and nothing 
i of this short-lived voleano but a dangerous shoal. Subse- 
uently this has been lowered, and a comparatively slight elevation 
pee the average level of the neighbouring sea-bed is now under deep 
water. The lava currents from many volcanoes are of the same gigan- 
tic In 1737 Vesuvius poured forth 33,587,058 cubic feet ; 
in 1794, 46,098,766 cubic feet ; and A®tna, in 1669, gave forth 93,838,950 
cubic feet. which would make a considerable hill ; for it would cover a 
space of ground one-quarter of a mile across with a conical mound 180 
feet high. The accumulated effects of two years’ ouynane of Skdptaa 
Jokul, in Iceland, appear to have filled valleys lakes and broad 
plains with floods of melted rock. The lava is said to have flowed in 
one direction 50, and in another 40, miles, with breadths of 15 and 7 
miles respectively, and with a depth averaging about 100 feet, but in 
places reaching 600 ae these data have aay en i be gps 
lead a gaomaey ions (they are so regard yy Lyell and other 
writers), the mass of lava poured out in two years by this modern 
volcano exceeds a hundredfold that of the Plutonic rocks which mc pe 
in the chain of the Malvern Hills, It would cover all the coal-fi of 
the British Islands with a plateau of basaltic rock 20 feet thick, or bury 
London under a mountain rivalling the cone of Teneriffe, In the 
eruptions of Tomboro, in Sumbawa, in 1815, ashes and scorix were 
thrown out sufficient to form three mountains equal to Mont Blanc, or 
to cover the whole of Germany two feet deep, e volume of muddy 
and watery eruptions from volcanoes can seldom be accurately mea- 
sured. Humboldt speaks of mud eruptions, called “ Moya,” as frequent 
in the volcanic system of the Andes, and they are abundant enough to 
fill valleys and stop the channels of rivers, 
From such Mera as can be Ber gaged ae appears no sign of any 
general decay in the magnitude of the yoleanic eruptions taken gene- 
rally, though in respect to any particular volcano the contrary may be 


Eruptive Forces,—lf the quantity of matter ejected by volcanoes be 
taken as a measure of the amount of unbalanced pressure which required 
and obtained relief, the force with which it was ejected may be regarded 
as a measure of the i ity of this pressure. Accurate observations 
on this point are ded , as i ded by Sir W, Hamilton, stones 
were thrown so high above Vesuvius as to occupy 11 seconds of time 
in falling to the level of the crater, this gives an upward velocity of 
350 feet in a second at the level of the crater, and a height of about 
2000 feet; but the mountain being above 3000 feet high, we must 
estimate the pressure at the level of the sea as competent to sustain a 
column of matter of the ordinary weight of lava (say twice and a half 
that of water) nearly a mile in height, This would equal the pressure 
of between 300 and 400 atmospheres, 

Lava which had flowed in 1798, was traced by Humboldt to the 
summit of the Peak of Teneriffe, and must therefore have been sus- 
tained (unless the lava were, as is probable, of a lighter kind) by double 
the pressure, pressures appear t, but in no degree 
improbable if judged by the well-known effects of steam. A tempera- 
ture of 800° Fahr. would give the steam pressure fora height 2000 feet 
above the cone of Vesuvius; and so rapidly does this power augment 
with additional heat, that less than 100° Fahr, may be sufficient to 

ive steam a force equal to balance the whole column of lava in the 

eak of Teneriffe. Now these are temperatures which appear to fall 
within the observed heats of some of the lava currents, for these have 
been found to melt silver and to perform heating effects greater than 
those of red-hot iron. Steam-power, generated by the admission of 
water to the hot interior parts of the earth, appears entirely adequate 
to the “eruptive forces” actually witnessed in voleanoes. It is much 
in favour of this being really the agency employed, that we find in 
explosive eruptions such considerable bodies of aqueous vapour 
erupted during most parts of the paroxysm; that some eruptions have 
yielded little else than steam, and others chiefly hot water, Moreover, 
on considering attentively the distribution of volcanoes over the globe, 
we find the active volcanoes most frequently by the side of the sea, or 
by other considerable bodies of water; andthe extinct volcanoes in the 
yicinity of ancient lakes, or desiccated branches of the ancient ocean. 
Why wer should be in the immediate proximity of the ocean or of 
lakes, will appear in the sequel. But while such proximity undoubtedly 
facilitates the operation of water in yolcanic phenomena, that operation 
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appears not to depend upon it; voleanoes may receive water on account 
of their vicinity to it, but that vicinity is not occasioned by the 
necessary agency of water in their eruptions. 

The general type of a volcanic eruption appears to be as follows :— 
The ground is rocked by frequent earthquakes; special movements and 
noises happen in and about the volcanic mountain; clouds of steam 
rise from the crater, followed and mixed with showers of ashes and 
scorise driven up by the exploding and expanding vapour ; the tube of 
the crater becomes filled by melted, or at least flowing matter, which 
undulates upward and downward with the irregular pressure of the 
vaporous or gaseous matter; these burst in large bubbles through it, 
scattering it into granular dust and ashes, till the lava overtops or 
breaks through the loose conical walls of the crater, and flows abun- 
dantly. so as partially or wholly to relieve for a time the unbalanced 
internal pressure, 

Voleanie Products—The substances thrown out during volcanic 
eruptions, whether stony, liquid, or gaseous. disclose more or less com- 
pletely the nature and condition of the interior masses of the globe, 
at depths greatly exceeding the dimensions of the greatest volcano or 
mountain known, but still very small in comparison to the earth’s 
radius, and belonging to the mere outer crust of the globe. The 
lava or melted rock is generally referrible to a very small number of 
aggregations, in which felspar, augite (or hornblende), and oxide of 
iron are the most important ingredients, the mass being modified by 
additional minerals, as leucite, idocrase, olivine, garnet, epidote, 
stilbite, heulandite, and many others, Combinations of sulphur, and 
of uranium, copper, lead, arsenic, and manganese, also occur in various 
proportions; but these metallic bodies do not play an important 
part in volcanic phenomena, The so-called ashes and scorix consist - 
of the same substances as the lava, the most prolific repositories of 
the rarer minerals being always in cavities of the lava or scoriform 
aggregations. [The characters of these mineral substances have been 
described under their respective names in Nav. Hist. Drv.] 

In these particulars modern lava will bear comparison with ancient 
Plutonic rocks, for they are composed of similar mineral aggregates, 
modified by many of the same rarer crystallisations, which -mostly 
occur in the cavities of their mass. The difference of most importance 
between Plutonic rocks (granite, &c.) and voleanic rocks (trachyte, &c.) 
is in the degree of their consolidation; and this difference appears 
quite intelligible by a comparison of the various appearance and 
character of lava which has cooled and become solid under different 
cireumstances, Lava cooled in air under slight pressure is often 
cellular; cooled under the pressure of water (as in the ease of the 
current which passed through Torre del Greco into the sea), it is more 
compact ; when vitreous, and much distended by steam, it becomes 
vesicular pumice. We may therefore believe that lavas which remain 
and grow solid under great pressure about the internal base of the 
voleano are of a more dense nature than those which come tu the 
surface, and may thus closely resemble, or be even identical with, 
some of the older Plutonic , Which thus regarded, and from other 
evidence, appear to be in fact wnerupted lavas. 

The foregoing account of volcanic rocks applies, principally, to one 
class only of lavas, the stony or common lavas, the most abundant 
product of volcanoes; but there is a second, the vitreous or glassy lavas, 
of which the mineral called obsidian, or volcanic glass, is the type, 
and of which pearlstone and pitchstone and a few other minerals are 
examples, but partly in a different condition. While the lavas of the 
greater number of yoleanoes belong to the former class (though mingled 
we believe in those of every one with some glassy lava), those of 
certain volcanoes are exclusively vitreous, of which that of the volcano 
in the Island of Bourbon is an example, In the flowing state the 
nature of these two classes of lavas is very different. The vitreous 
lavas are then essentially in a state of dry igneous fusion, comparable 
to that of artificial glass, or of metals; but the stony lavas, even while 
fresh erupted and flowing, are not properly in a melted state, being in 
fact as truly aggregates of distinct mineral substances while in that 
state as they are when they have ceased to flow, acquired the character 
of ordinary solids, and become cold, They are, while they retain the 
, a8 Mr. G. Poulett Scrope first observed and maintained 
(in his work referred to below) more than a third part of a century since, 
a sort of mud, consisting of the crystalline grains of the minerals found 
to constitute them, allowed to slip or glide over each other by tho 
intervention of water or of aqueous vapour in a peculiar condition of 
condensation and adhesion to the surfaces of the solid particles, though 
ata red- or even at a white-heat. Mr. Sorope's views, though almost 
eontemptuously rejected at the period of their enunciation, have 
received great support from the subsequent discovery of the possible 
existence of water in a liquid state at high temperatures (as they 
might have receiyed it from a contemporary one of its convertibility 
into vapour of its own volume), and from the now admitted necessity 
of the agency of water in the production of all the crystalline aggregates 
constituting the Plutonic rocks, including granite itself, which has been 
referred to by Mr. Scrope in a confirmatory paper communicated to the 
Geological Society in 1856. A remarkable proof, among many others, 
that the stony lavas are not really in a fused condition, is afforded by 
the fact urged by Mr. Scrope, that the radiation of heat by them is 
comparatively so slight, evincing that they cannot possess that intensely 
high temperature which would be requisite to impart to their mineral 
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and chemical elements a truly liquid state, independently of the agency 
of water. 

The views of this consummate volcanic geologist, however, are now 
probably to be regarded as forming only a first approximation to a 
true theory of the nature of lava. The researches which have been 
subsequently pursued in the chemistry of geology, and in the artificial 
synthetic production of minerals, as well as in the geology of the 
metamorphic rocks, and respecting the action of the igneous rocks 
upon the sedimentary strata, tend to modify the original conclusions 
of Mr. Scrope, but still only in the manner which has i 
the progress of all great discoveries in science. The necessary agency 
of water, together with intense heat, in the production of the crystalline 
rocks, has been urged by Scheerer and E. de Beaumont. Its operation 
through a great range of temperatures, both in ucing and in alter- 
ing rocks, has been demonstrated or illustrated by Bunsen and Delesse, 
and more recently by a remarkable series of experiments by Professor 
Daubrée of Sueasbent: He has shown “that the molecular state of 
the water in lavas, ‘be it what it may,’ has had a great effect in the 
formation of silicates, even when anhydrous. It causes them to 
separate, and to crystallise at a temperature much below their point 
of fusion; it enables them to crystallise in an order of succession 
different from that of their fusibility ; thus, for example, leucite, an 
infusible silicate of alumina and potash, occurs in lavas in well-formed 
crystals, often of large size. To this, Ludwig, in his German trans- 
lation of Daubrée’s essay, adds that the crystals of leucite often con- 
tain fragments of lava, and even small crystals of the very fusible 
mineral augite.”* These results are most apposite to, and beautifully 
elucidatory of, the true nature of lava as originally observed by Mr. 
Scrope. His views, perhaps, would have sooner been entertained by 
other geologists, had he more explicitly distinguished between the 
vitreous and the stony lavas when flowing. The former when in the 
purest and most characteristic condition present us with the state of 
igneous fusion in its most perfect form; solidifying into glass when 
rapidly, and crystallising when very slowly, cooled. Taking volcanic 
phenomena as a whole, there doubtless exists every gradation between 
this and the hydroplastic condition of lava such as that of Vesuvius 
and Etna, which, however rapidly cooled, does not solidify into glass, 
but into an rock or stone, identical with that resulting 
from its slow cooling in nature, It is important to observe that the 
glassy lavas are converted by slow cooling not into stony lava, but 

ly into the crystalline state of the combination of silicates of 
which they consist. The stony lavas, however, when truly fused, 
whether naturally or artificially, become the glassy lavas if quickly 
cooled, or the corresponding vitrite or crystalline substance if allowed 
to cool slowly. Such also is evidently the origin of the vitreous lavas 
in volcanoes, their observed transitions from the glassy to the crystalline 
or stony form ng a partly on their mineral constitution and their 
condition when in the flowing state, and partly on the circumstances 
and rate of their refrigeration. Of all this we now possess ample 
evidence, both geological and experimental. For some of the former 
we may refer to the facts detailed by Mr. Darwin in his ‘ Geological 
Observations on the Volcanic Islands,’ &c.; and as an example of the 
latter, to the results of fusing basalt, which is an ancient lava, and 
when melted and rapidly cooled becomes a glass scarcely distinguishable 
from obsidian, but when gradually cooled does not return to its original 
condition of a stony lava, an aggregate rock consisting of several mineral 
substances, but becomes a kind of pearlstone—the peculiar crystalline 
condition of the glass. Theimportance of these latter facts in reference 
to the acceptance and right understanding of Mr. Scrope’s views has 
already been urged by Mr. Brayley [Wart, Grecory, in Broa. Dry.], and 
been frequently adverted to by him in lectures on igneous geology. 

Water undoubtedly is second only in quantity among the products 
or educts of volcani ion, to the solid earthy matter, oxides, like it, 
some of non-metallic combustible, some of metallic bases. Its func- 
tions in the origination of Plutonic and volcanic action were first sug- 

as we find, by the discoverer of the chemical nature of 
that earthy matter, Sir H. Davy. Those which it possesses in voleanic 
phenomena themselves, partly in the condition of vapour, and partly 
it is probable in a peculiar intermediate condition not yet under- 
stood, were first y discovered by Mr. Scrope, and established in 
his ‘ Considerations on Volcanoes.’ The liquid products of volcanoes 
also contain, though rarely, the sulphuric and muriatic acids; and 
among the substances of most interest in aiding to complete the theory 
of chemical actions, are sublimations of common salt, and muriate of 
ammonia. The origin of these where the volcanoes are situated by 
the seaside cannot be doubtful. Boracic acid is another product of 
this kind occurring in the crater of volcanoes (Daubeny); but this we 
now know is an abundant element of the earth's crust, widely dissemi- 
nated, though but rarely in great quantities in a single locality. Com- 
pounds of boron, however, do not appear to play an important part in 
the history of volcanoes. 

The gaseous products of volcanoes are important in the investigation 
of the chemical theory of the igneous action. Besides the clouds of 
vapour of water (eo abundant in eruptions, and so often productive of 
local rains), chlorine, azote, sulphuretted hydrogen, sulphurous acid, 
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and carbonic acid, are the most common. The evolution of sulphu- 
retted hydrogen (depositing sulphur) continues under various circum- 
stances after other signs of activity have ceased in particular volcanic 
regions; and even after the craters have fallen in and become full of 
water, mineral springs and springs rich in carbonic acid flow with little 
variation for centuries (many such have been flowing from before the 
commencement of hi to the present day), while azotised waters, 
rising to the surface along the lines of fissures more ancient than any 
known volcanic systems, concur with them in demonstrating the almost 
interminably slow process by which subterranean heat rises to the 
surface of the earth. 


Chemical Hypothesis of Volcanic Action.—The nature of these various 
products, and the order in which they successively make their appear- 
ance, have been the bases for speculations as to the chemical 
going on in the interior of volcanic regions. Sir H. Davy’s di 
of the metallic bases of the earths and ies, and of the extraordi 
appetency for oxygen of several of these bases (potassium, sodium, &c, 
su to that great chemical philosopher a new and ingenious 
hypothesis of volcanic action. Water admitted to some of the metallic 
bodies alluded to is instantly decomposed, and its o: absorbed, 
with an immediate and very remarkable evolution of heat and light, 
while the metals become or alkalies. The substances most abun- 
dant in volcanic products contain these earths, and these alkalies,— 
namely, potash, soda, lime, silica, alumina, &c.,—in various combina- 
tions, evidently the result of successive crystallisations from a fluid 
mass. In this hypothesis it is assumed that the interior portions of 
the earth consist in part of the metallic bases of the earths and alkalies ; 
that water is from time to time admitted to these; that violent com- 
bustion and great heat follow; that the oxides generated are melted 


together, constituting lava, while the hydrogen, and some of the water 
undecomposed, go off to form new combinations with sulphur, chlo- 


rine, carbonic acid, &c., which are liberated from previous states by the 
heat and the various chemical agencies set in activity. The power 
which raises the lava, and throws out the clouds of ashes and scoria, is 
the undecomposed and confined steam. 

Whoever looks carefully at this hypothesis will find in it much that 
is admirable, and little that is open to strong objection, if it be regarded 
merely as a theory of the eruption of volcanoes, not as a theory of the 
changes in the condition of the interior parts of the globe, of which 
volcanic action is one of the visible exponents. y 

It is some recommendation of this view that it seems to unite itself 
with a general and not improbable speculation regarding the origin of 
the more ancient Plutonic rocks, which peer ov Fay be supposed to 
have passed through a very similar series of changes to those which 
lava has undergone. Those rocks have the same bases as lava ; it is the 
natural result of chemical reasoning, that the elements which are now 
combined in them existed at some earlier time in a separate state ; the 
oxidated and melted granite crust of the earth is formed by the union 
of these elements, and, according to the hypothesis of Davy,* the new 
rocks which volcanoes yield are produced by a somewhat similar process 
of oxidation and fusion. 

But this hypothesis was nevertheless neglected by its author for 
reasons which do not appear to have been fully stated by himself. 
It was taken up by Dr. Daubeny, and has been maintained by him 
with much Sete and ingenuity of research as a sufficient 
‘Chemical Theory of Volcanoes.’ We may call it the ‘ Hypothesis of 
ts tag! Oxidation,’ and develop it, according to Dr. Daubeny, as 
follows :— 

Below the surface, at a depth of a few miles, the interior of the 
earth is assumed to contain the earthy and alkaline metalloids, iron 
and other metals, sulphur and sulphuretted salts. Slow combustion 
happening amongst them, even under the continents, by slight additions 
of moisture and air, generates particular gases (nitrogen, carbonic acid, 
sulphuretted hydrogen, &c.); these rise and combine with springs 
which issue along lines of natural fissures, or are discovered in arti 
wells, often giving to them a temperature higher than that of the 
country where they occur. Under the sea or large bodies of water, 
and especially along lines of sea-coast (where fissures may be supposed 
more numerous than elsewhere), water may be admitted to the interior 
more easily and in greater quantity, and may occasion phenomena of 
the same order, accompanied by other effects more powerful, rapid, and 
characteristic, until the process ceases for awhile by the choking of the 
passages which admitted the water. 

The water, decomposed by contact with the metalloids, yields its 
oxygen to them ; the hydrogen is liberated, but not allowed to escape 
in great quantity alone, for it readily, under the influence of heat, 
combines with sulphur into sulphuretted hydrogen, or, with the oxygen 
of atmospheric air (if any be present), reconstitutes water. Nitrogen 
is thus liberated, and may be conceived to pass off partly free, partly 
combined with hydrogen, so as to constitute ammonia, which again 
unites with chlorine (derived from the sea-water), and constitutes sal- 
ammoniac. While oxygen (derived from atmospheric ajr) is plentiful 
in the volcanic channels, the des a will not unite with sulphur, 
which accordingly combines with oxygen into sulphurous acid. When 
the oxygen is consumed, sulphuretted hydrogen is formed in abundance, 


® ‘Phil, Trans.’ 1828, 


VOLCANO. 


VOLCANO. 668 


and predominates towards the close of the eruption, and even, by the 
aid of the residual internal heat operating on sulphur, is evolved for 
centuries after the volcanic violence is spent. 

The evolution of chlorine is easily traced to a double decomposition 
of sea-salt ; carbonic acid is sw to rise from calcined limestone 
rocks ; and specular iron-ore (fer oligiste) is a product of sublimation. 
Thus, in the opinion of Dr. Daubeny, all the main phenomena conco- 
mitant upon volcanic action seem to admit of explanation if we suppose, 
first, sea-water, and afterwards atmospheric air, admitted to consider- 
able masses of metals, metalloids, sulphur, &c., the basis of the whole 
speculation being the abundant decomposition of water at a moderate 
depth below the surface of the earth. The views of Dr. Daubeny have 
been controverted by very eminent writers (as Dr. Davy, Prof. Bischof, 
and others) on particular points ; but we are not aware of any attempt 
upon other assumptions quite so acer mca f as this of Dr. Datfbeny, to 
explain generally the chemical products of volcanic eruptions in the 
” order of their occurrence. 

Perhaps, therefore, we may concede to this hypothesis the proba- 
bility that in the interior of the earth the metalloids exist in quantity 
sufficient to cause an abundant decomposition of water, and thus 
originate a given series of chemical changes such as are witnessed in 
volcanic eruptions. But before we accept it as a general explanation of 
volcanic disturbances, other classes of data than those furnished by 
chemical analysis must be brought into the reasoning. 


_ An important circumstance in the general theory of volcanoes is the 

connection and reciprocal activity which exists underground between 
volcanic regions entirel, on the surface, as between Sicily 
and Naples; between the Mediterranean volcanic region, taken gene- 
rally, and the region of extinct (or long suspended) volcanic action in 
Asia. To this we must add another and larger series of facts regarding 
the extent and distribution of volcanic action on the surface. 

Voluanic Regions and their Connection.—V oleanic regions, if estimated 
by the area over which the lava and ashes have been dispersed, con- 
stitute but a small portion (perhaps less than ;;.5th part) of the surface 
of the globe, but in a survey of these regions we must include not only 
the ‘e vents and extinct craters, but also “ large intermediate spaces 
where there is abundant evidence that the subterranean fire is at work 
continuously, for the ground is convulsed from time to time by earth- 
quakes ; gaseous vapours, especially carbonic acid gas, are di 
plentifully from the soil; springs often issue at a very high tempera- 
ture, and their waters are usually impregnated with the same mineral 
matters as are discharged by volcanoes during eruptions. (Lyell, ‘ Princ. 
of Geology,’ book ii., ch. ix.) 

To describe these districts would be entirely foreign to the purpose 
of this essay, but we may by a simple classification show how much of 
Sidi aeadienl Suakiciga Gh: ghotical geography ie due to volcanic dis- 


European Volcanic Districts. —The Icelandic volcanoes, remarkable 
for abundant lava streams; the Azores, amongst which new islands 
have been thrown up; Sicily, including AZtna and the vanished Gra- 
= Island, often —— mare — > a oa a of 

opposite point of Sicily ; the Lipari Isles, wi tromboli always 
-seinny Dae Neapolitan tract, including Vesuvius; Ischia and the 
Ponza ; Santorini and some neighbouring islets. The above are 
all considered as active volcanic centres, have been subject to 
eruptions in historical times. The extinct volcanic systems of Europe 
are the trachytic domes in the centre of France (Auvergne, [Avuvereng, 
in Gzoa. Dry.} the Vivarais, &c.), the Eifel country, the Seven Moun- 
Westerwald, Vogslagsbirge, Rhbngebing, together with tho Kaisorevu; 
W irge, Rho irge, wii i ; 
and many other scattered basaltic hills in the middle of Germany ; 
Hungary, Transylvania, both remarkably rich in trachytes and the 
vitreous lavas called es; the Gleichenberg in Styria. In 
Italy, the Euganean hills and other smaller points appear in the north 
-of Italy; while between Rome and Naples ancient craters occur, 
and connect Mount Albano with Vesuvius. (Daubeny.) 

Asmatic Volcanic Districts.—Mixed active and extinct volcanic moun- 
tains occur about the Persian Gulf, the Red Sea, and the Dead Sea, in 
the vicinity of Smyrna, in the Caucasus (especially in Mount Ararat), 
and in the Elburz Mountains, including Demavend. These are, or 
appear, detached points of more or less decayed, though once powerful, 
action, fed by inland seas. On the southern and eastern shores of 
Asia the subterranean energies are still unsubdued, and constitute a 
long chain of lofty islands and promontories from Barren Island, in 
the Bay of Bengal, through the length of Sumatra and Java, by Bally, 
Su.vhawa (already noticed), Flores, Celebes, Sangir, Mindanao, Fugo, 
Lugo... Wormosa, hoo, Japan, the Kurilian Isles, the magnificent 
mountains of Kamtchatka, examined by Erman, and the line of the 
Aleutian Isles, to Alaschka, on the western coast of North America. 

African Volcanic Districts. —The African islands are nearly all volcanic, 
though, as in St. Helena, the action has long been extinct; or, as in 
the Canary Isles, the localities once devastated now enjoy immunity 
through the great safety-valve of Teneritfe. (Von Buch.) On the 
continent, traces of volcanic action appear in the chain of the Atlas; 
while in the northern ag well as in the equatorial portions of the 
“Mountains of the Moon,” now known through Dr. Beke to be a 
meridional range parallel to the coast, and extending from the north- 


eastern to the south-eastern regions of the continent, are many active 
volcanoes. An account of an eruption of one of these, Jebel Dubbeh, 
in May last (1861), by Captain R. L, Playfair, R.N., was recently com- 
municated to the Geological Society. 

The late M. Daussy, geographer to the French Board of Longitude, 
collected observations of earthquake-shocks received by vessels at sea 
at various periods, but all within a given limited area, which, according 
to Mr. Mallet, render the existence almost certain of a vast active 
voleanic suboceanic area in the basin of the Atlantic, nearly midway 
between Cape Palmas on the west coast of Africa, and Cape St. Roque 
on the east coast of South America, or in the narrowest part of the 
ocean between these continents. This vast disturbed and perhaps 

ially igneous ocean-floor can be no less than nine degrees, or above 
620 miles, in length from west to east, and from three to four degrees, 
or between 200 and 300 miles, in breadth from north to south. We 
have thus a submarine volcanic tract in activity beneath the Atlantic, 
as large in area as Great Britain, and where the bottom of the ocean is 
rendered uneven in the extreme, immense protrusions, that is, eleva- 
tions of land, whether persistent or temporary, taking place in deep 
water. 

American Volcanic Districts —“ Along the north-west coast of the 
American continent,” Sir John Herschel states, “the chain of newer 
igneous formations is almost continuous, and in Oregon attains an 
immense development; nor are active volcanoes of great’ magnitude 
wanting, but only those parts of the volcanic zone which lie upon the coust- 
line contain such, namely, Mount Regnier and St. Helen’s, at the 
mouth of the Columbia river.” The Rocky Mountains show many 
marks of ancient volcanic action, and serve incompletely to connect the 
long Asiatic line just described with another enormous volcanic system 
running through California and Mexico, interrupted at the isthmus of 
Darien, but continued through Pasto, Popayan, Quito, Peru, and Chili, 
to Tierra del Fuego ; in the last locality, however, though there are trap- 
rocks, there are no active voleanoes. This mighty ag of mountains is 
everywhere parallel to the sea, being only crossed by the line of Mexican 
volcanoes, which includesthe new mountain of Jorullo,and passes perhaps 
from the West Indies to the Revillagigedo Isles. The volcanic vents are 
unequally distributed along the great Cordillera: one in California, 
five in Mexico, and above twenty between this and the isthmus of 
Darien. South of this point the volcanoes are few, but mostly of 
prodigious grandeur and uent activity, the fire issuing from one or 
other of the mountains, which, according to Humboldt and Darwin, 
are all parts of one grand swollen-up mass—supporting Cotopaxi, 
Antisana, Tunguragua, and other huge cones. Only one active volcano 
occurs in Peru, but nineteen are active at frequent intervals in Chili, 
and one (Villarica) burns almost. uninterruptedly. Here also is the 
highest volcano in the world, Aconcagua, measuring 23,910 feet. Most 
of the West Indian islands are volcanic, or partly volcanic and partly 
calcareous, the limestone being mostly due to the growth of corals, 
perhaps on the craters or round the slopes of volcanic mounds. A 
similar view appears applicable to the numerous groups of islands in 
the Pacific Ocean, in some of which, as the Ladrone Isles and Hawaii, 
are lofty and active volcanoes, 

In general the Banda Isles, New Guinea, New Britain, Norfolk 
Island, and St. Philip, the Society, and the Sandwich Islands, are princi- 
pally of volcanic origin. The low lagoon islands, described by Mr, 

tutchbury (‘J of the British Institution’) as deriving this form 
from the growth of coral, have been thought to be so many points of 
volcanic mounds; but it has been suggested by Darwin (‘ Trans. Geol. 
Soc.’) that they are points of subsided land, on which the zoophyta 
attached themselves. Western Australia contains basaltic and other 
volcanic accumulations. 

“The east coast of Australia offers no active volcano, but is marked 
along its whole extent, from north to south, with evidences of former 
igneous activity,’ occurring (in striking resemblance with what prevails 
on the opposite coast in South America) among the crystalline and 
transition (primary and palewozoic) rocks which constitute the general ~ 
seaboard. But the subterranean fires would seem here to have shifted 
their ground, and taken up a new line of action to seaward, at an 
interval of from 1000 to 1200 geographical miles from the coast, but 
still conforming to its curvature, prolonging the series through the 
Solomon Islands, New Hebrides, and Friendly Islands, to New Zealand. 
(Herschel, ‘ Phys. Geog.’) 

On comparing this synopsis of the geographical distribution of 
volcanoes with a good map of the world, two remarkable features of 
that distribution will be obvious; these are, in the words of the phi- 
losopher last cited, “ Their tendency to a linear arrangement when 
insular,” and “ their constant association with coast lines.” 

In reference to these features, and to the phenomena described in the 
preceding review of volcanic regions and their connection, Sir J. Herschel 
resumes ; “ It seems impossible to disconnect this obviously systematic 
arrangement with the general evidence we have, from other sources, of 
the tendency to continued elevation of the coast line of the Andes, 
and, indeed, of the whole continent of South America, on the one hand, 
and of the depression over a large portion of the bed of the Pacific on 
the other—alternations which would naturally result from a change in 
the incidence of pressure on the general substratum of liquefied matter 
which supports the whole. The bed of an ocean supported on a yield- 
ing substratum may be depressed without a corresponding depression 


of its surface, by the simple laying on of material, whether abraded 
from the land, or chemically abstracted from the sea itself. That 
matter is in process of abrasion and ion from the land into 
the ocean at every instant, and along every coast line, we know asa 
matter of fact. We know, too, that all ing strata, however enor- 
mous their thickness, Aave been formed at the bottom of the sea, and 
it is, therefore, no hypothesis, but a perfectly legitimate assumption, 
prepen rt eer my is still in no matter how , from 
this cause, at least in the vicinity of coast lines; and when we at 
the vast amount of organised exuviw which constitute so large a 
portion of many of the secondary and tertiary beds—the secretions of 
mollusea, infusoria, and zoophytes — and ing in mind the large 
proportion of continental substance which has been so formed, look to 
the evidence afforded by 9 ap soundings, and by coral forma- 
tions, that the same process is going forward in open sea, far out 
of the reach of coast and viver deposit (the material being 
taken up chemically by the river and coast waters, and chemically 
extracted from them, when diffused by currents, by the processes of 
organic life). we shall at once perceive that any amount of pressure on 
the one hand and relief on the other, which the geologist can possibly 
require to work out his problem, and any law o distribution of that 
relief and that pressure, is available without calling in the aid of 
unknown causes. 

In apposition with these views of the physical geographer, taken, as 


it were, from an eminence based on all science (and to which we shall | occ’ 


return), we may appropriately place the most recent view of the rela- 
tions of earthquakes and voleanoes, on a cosmical scale, that 
taken by Mr. Mallet in his fourth report, the following portions of 
which embrace the principal points of the subject, as resulting from his 
own seismological researches and those of M. has 

“Should it ultimately prove a fact, as rendered probable from the 
beautiful investigations of Darwin, that there are great areas of gradual 
subsidence now in motion beneath the Pacific, it may still happen (though 
it is not probable) that seismic, or even volcanic bands may traverse 
such areas of subsidence, without materially affecting their general 
downward movement. Although many portions of the earth’s surface 
now show evidences of vertical instability, either slowly or per saltum, 
occasionally rising or sinking, these effects are all comparatively insig- 
nificant in extent. The et formative forces, whatever they were, 
upon which the elevated land of the great continents and the depres- 
sion of the ocean-beds depended, have ceased sensibly to act. The 
function of the voloano and the earthquake in the existing cosmos is 
not creative, but simply preservative; and vast as they ap to the 
eye and sense, their effects are very small in relation to the totality 
of the great terrestrial machine. If, however, such large areas of 
oceanic subsidence as have been supposed really exist, they will most 

bably be found situated almost centrally within the vceanic sub- 
 eieeseny and hence surrounded, but not traversed, by seismic bands [or 
lengthened are subject to earthquakes). 

“There is one fact, which is shown by the relative positions of the 
greatest volcanic areas upon our globe (and these the most active) and 
of the areas of probable subsidence, that is worthy of fixing our 
attention. 

“It will be observed that the bands of probable subsidence are 
tolerably adjacent to the greatest seats of volcanic activity, and that 
the latter generally have subsiding areas at more than one side. Thus, 
in the Pacific, the band of subsidence is along the great volcanic girdle 
from Celebes to New Zealand, and thence stretches between (and at 
one point may cut through) the line of sub-oceanic volcanic girdles, 
from the New Hebrides to the esas, 

“ Again, the great volcanic horseshoe girdle of Sumbawa is between 
the subsiding area in the China Sea, north of Borneo, and the blue 
coral bands north of Australia, which whole continent, or at least its 
western and northern parte, may probably be subsiding also, Lastly, 
in the north we have Iceland and its volcanic system, between the 
sinking coasts of Greenland and those of the Baltic. 

“1f we admit then, ascertain, that these vast tracts are subsiding, we 
ean scarcely withhold our belief that the subsidences are due to, and 
are the equivalent in bulk of, the solid ejecta and exhalations of these 
various great volcanic areas respectively. The assumed area and extent 
of subsidence of those supposed subsiding tracts are, however, I 
apprehend, greatly overrated 

* The seismic intensity in any part of the world, so far as originating 
impulse is concerned, does not seem to be connected with the super- 
ficial character, to the greatest known depth, of the geologic forma- 
tions, beyond what connection is necessarily inferential from the seismic 
bands ‘where they exist), followmg, on the whole, the lines of moun- 
tains and ridges that separate the surface-basins of the earth, whether 
yoleanic or not. While, therefore, the seismic waves diverge from 
axial lines that are generally of the older rock formations, and often 
of crystalline igneous rocks, or actively volcanic, they penetrate thence 
formations of every age and sort, even to plains of the most recent 
post-pleistocene clay, sands, and wels; and occasionally, by the 
secondary efforts of great shocks, these loose materials are shaken or 
cawed to slip and gather up into new forms (as in the Ullah Bund at 
the mouths of the Toes, &c.), and so the earthquake has come to be 
mistakenly viewed as a direct t of elevation. Ite true cosmical 
function is the very opposite: it is part of the dislocating, degrading, 


the volcano 
but conservative (strange as it 
man’s appearance and 


4 
3 


skeeE 


have been empl 
tonic rocks ; 


more ancient examples of unerupted 
part certain, namely, 


fl 


Z 
E 


respecting the elevation of Jorullo by inflation, and 
conclusions of De Beaumont and ing the 
the Plomb du Cantal. This is a point which would be of 
sequence, but for the interest justl; 


pepe aon in the older strata, in connection with 
disturbances of the interior of the globe, is evident to any one who has 


—s 


Monte Nuovo, 440 feet, 


z 
E 


z 
: 


‘s cr =) a 5 
Somma, ,* : i H 1 
4 
: 

iykes “Dykes. 


Woolhope elevation, “ 
1, Line of the Aymestry limestone; 2, line of the Wenlock limestone; 3, line 
of the Woolhope limestone; 4, line of the Caradoc sandstone (now termed 
the Upper Llandovery Rock.] 


studied the strata in the vicinity of Woolhope, described by Sir R. I, 
Murchison, of which the subjoined cut gives a cross-section. That the 
structure of such stratified domes of elevation is entirely different from 
that of a volcanic cone of eruption is igeo'ph iawn with the 
former figure the section across Vesuvius and the profile of the crateri- 
form Monte Nuovo, Some information on this head appears 
under the article Srrativication, in Nat. Hist, Drv., and upon the 
whole it is certain that in of a volcanic mountain or region, 
whose internal structure is iently exposed, there are characteristic 
marks by which the existence of “ craters of elevation” can be affirma- 


tively proved, if any such craters exist, Von Buch, De Beaumont 
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Professor James D. Forbes, and others agree in ascribing this origin 

to some of the mountains in central France, and apparently on sufficient 

evidence. It is, however, not a phenomenon itting of frequent 
citation. 

Now, the districts thus classed together are not only related by 

ical proximity, but have some real subterranean as well as 

cial connection. Humboldt and Darwin speak con- 


Mr. Darwin has been Jed, by the investigation of the volcanoes and 
Cordilleras of the Andes, to regard them all as 
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60 feet at Cadiz, 
and 18 feet at Madeira, and causing sensible disturbance in the West 
Indies and Loch Fyne ; or the narratives of the Chilian earthquakes in 

of which raised the sea-shore for 100 miles, 

r ueres and 
Concepcion in every direction—it will remain very dou! in our 
the internal power to which earthquakes owe their 

decreased, or the violence of the earthquake been 
and relieved by the ing action of volcanoes, Mr, 

Darwin speaks confidently of earthquakes and volcanic eruptions in 
o> gg ool gal the same phenomenon, now one and then 
or together, but at different points, relieving the 

pressure on the “ internal sea of molten rock ;” and this view, which is 
the largest, appears at the same time the simplest and best founded of 
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onwards the land on its crest, in a given direction : 
ake. A portion of the melted rock is forced by the 
ito cavities of the rocks, or spread out in i 
bed of the sea; these are the dykes and interposed 
: to some of the internal hot fluid, water finds 
the steam w is generated and confined supports local 
melted rock, in particular fissures of the earth’s crust, till 
the lava finds vent and flows to the surface, or is driven up in dust and 
scorie by the violent extrication of the vapour: this is the local 
As to the composition of that internal sea of melted 
tock, we may admit it to contain unoxidised metalloids, if by this 
means we can better explain the peculiar chemical nature of the pro- 
ducts which come to the surface; and thus we find at last only one 
condition remaining to be satisfied, namely, the condition of a continual 
ve destruction of the equilibrium of the internal masses 
of earth, which causes the violent rending of the strata ante- 
cedent to earthquakes and volcanoes. On this point we need not 
enlarge. The general progress of geological and physical science has 
rendered it very probable that the disturbance of the equilibrium 
of the earth's internal masses, which has at so’ many geologi 
eae eee eens aoe 20 dink raise hun- 
of miles square, and to fold into complicated contortions the 
i solid crust of the globe, is due sieaph 
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Plutonic rocks, and voleanic accumulations, are of all geological ages ; 
but as our existing land is, in respect of a very large part of its surface, 
of very recent date, and volcanic cones of loose materials cannot with- 
stand the wasting action of the sea, it is no wonder that the antiquity 
of voleanoes if judged only by the relation of volcanic products visible 
on the land to the stratified crust of the earth, appears much inferior 
to that of the Plutonic rocks, which were formed among the strata of 
every age, under circumstances which admitted of their being preserved 
But if we more closely study this matter. and compare marine volcanic 
sediments, such as have been spread by the waves round the base of 
Sciacca, or Sabrina, with the “trappean” sandstones described by Sir 
R. I. Murchison interposed amongst the Silurian strata, we shall perceive 
that local volcanic excitement consequent on general changes in the 
internal condition of the earth is a phenomenon of all geological periods. 


The subject of the production of volcanic cones, whether by eruption 
or by elevation, or partly by both, has been adverted to in the pre- 
ceding considerations, and the remarkable example of Jorullo, re- 
peatedly mentioned in the descriptive part of this article, cited from 
Humboldt as one of elevation. Since their original publication, much 
research, in which have been observed numerous facts explicatory of 
the subject, and much reasoning and discussion relating to it, has 
been instituted and made public, especially by Mr. Scrope, in continua- 
tion, or rather resumption of his arguments in support of the reality 
of the production of volcanic cones exclusively by eruption, by Sir C. 
Lyell, and by M. Abich, all on the same side. 

The most recent view of the subject, in relation to these researches 
and discussions, taken by Professor John Phillips, F.R.S. (‘ Anniy. 
Address to Geol. Soc.’ 1859), which it is just to him to quote in this 
place, is as follows: “In general, it appears probable that cones of 
elevation are at least of rare occurrence, while cones of eruption are 
numerous; but as vertical movement of the ground is an essential 
condition for volcanic excitement at the outset, we must be pre 
to admit the possibility of its occurrence as a part of volcanic history : 
and the only questions which remain for calm and serious study in 
reference to a given voleano are—How much? and at what epoch? 
Questions not to be answered hastily.” On this point, however, we 
submit that, however theoretically probable it may be, that vertical 
movement of the ground is essential to the beginning of volcanic 
excitement, no proof that it is so has yet been adduced, beyond that 
required to produce fissures, and ceasing with their production ; while 
induction from the late observations of earthquake-phenomena alread. 
noticed, is to it, and some-of the results obtained by Mr. w, 
Hopkins, in his researches in physical geology, appear to indicate that 
the theory is itself defective, if not erroneous. 

Mr. ’s recapitulation on this question (‘Quart. Journ. of 
Geol. Soe.’ vol. xv. p. 545), states its present aspect in these terms : 
“My argument then is, that the ‘elevation-crater’ or ‘upheaval’ 
theory, as applied to voleanic action by MM. de Humboldt, De.Buch, 
de Beaumont, and Dufresnoy, and to some extent by Dr. Daubeny and — 
Professor James Forbes, as well as in several popular geological com- 
pilations, is an assumption irreconcilable with the appearances it 

fesses to account for, and wholly hypothetical—such a process never 
foviag been witnessed; while there is nothing in the form, structure, 
or composition of any of the cones or craters to which it is applied 
by its advocates inconsistent with the supposition that they owe 
their origin to the sirople, ordinary, normal, and perfectly intelligible 
phenomena of volcanic eruptions, as witnessed repeatedly by competent 
observers as well in the present day as through all past historical 
times.” : 

Subsequently to the promulgation of these arguments, evidence of 
the most precise nature, proving that the volcano of Jorullo is truly a 
cone of eruption, as contended long ago, even on the evidence of 
Humboldt himself, by Mr. Scrope and Sir C. Lyell, and that it was 
formed in no degree by upheaval—of which process it had been 
brought forward by Humboldt as almost a crucial instance—has been 
given by M. H. de Saussure, a geologist of Geneva, the third in 
descent, we presume, of a name dear to science. He communicated 
this evidence to the ‘ Société Vaudoise des Sciences Naturelles,’ in 1859, 
exactly a century after the surface of the fertile valley of Jorullo had 
been transformed into a barren sheet of lava, by a catastrophe, having 
“for one of its results a perfectly characterised volcanic mountain, 
which suddenly sprung up on the surface of the globe, with un- 
exampled rapidity ait grandeur of proportions.” Described about 
half a century after its formation by the great traveller under the 
influence of an imposing hypothesis, it became one of the subjects, for 
another half-century, of a controversy among the most eminent 
investigators of the globe’s physical structure. This controversy, we 
think, as respects Jorullo, must now cease. M. de Saussure states that 
the sheets of lava surrounding the mountain called Malpais,—which 
Humboldt regarded to be the result of a softening of the pre-existing 
surface soil by gases, and its inflation them from beneath like a 
bladder,—are nothing else than vast outflows of incandescent matter, 
which have lined the whole valley, filling its cavities and forming 
montories, just as a mass of molten lead would spread when formed on 
an uneven surface. The edges of the Malpais are not a section or 
broken edge of an elevated tract, but only the lateral or terminal 
borders of currents of lava. The cone which forms the mountain of. 
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Jorullo itself is the simple result of the heaping up of cinders and scori@ 
ej by gaseous wcaeiens from the principal orifice of eruption, 
the outbursts of lava had ceased. The eruption took 
originally from an axial fissure running north and south, but there is 
no trace of the elevation of the beds along this axis. The volcanic pres- 
sure from beneath had only forced an exit through this fault for the 
escape of the liquid and aériform matters erupted. In short, the 
phenomena of Jorullo show that the most powerful volcanic outbursts 
can take place without the slightest derangement of the superficial 
beds. (‘ Quart. Journ, of Geol. Soc.’ vol. xvii.; ‘Translations, &c., 

. 13, 14.) 
: The subject of subterranean heat and its consequences is so vast, and 
its ramifications in science are so unlimited, that the preceding view 
of reasonable explanations of Plutonic and voleanic action is far from 
having exhay the catalogue. Not merely geologists, mineralogists, 
and chemists, but astronomers and mathematicians have attempted 
the solution of the problems involved; the former directing their 
attention chiefly to special structures, products, or phenomena, the 
latter tosuch probable causes as point to hypotheses of wide generality, 
embracing the entire system of the relations between the earth as a 
planet to the heat of its interior regions, and to that which it receives 
from the solar radiation. 
While Dr. Daubeny was engaged in perfecting what has been called 
the chemical theory of volcanoes, originated by Davy, other inquirers 
ve their attention to that subject under different aspects. Sir C. 
yell, as a uniformitarian in geological speculation, and the advocate, 
not only of the sufficiency of existing causes, but of their persistence 
without the trace of a beginning, or the prospect of an end, naturally 
sought for elements of chemical causation, by which a perpetual 
circulation of cause and effect returning through effect to cause might 
be sup} to be maintained; and the late Professor Daniell, of 
King’s College, London, suggested to him hydrogen, the continual 
separation of which from water by means of oxidable bodies and its 
re-union with oxygen effected by high temperature, as such an element. 
Two mathematicians concurred, though independently, in enun- 
ciating a theory of Plutonic and volcanic action, dependent on that of 
the secular variation of the isothermal surfaces within the globe. The 
foundation of this was the observed augmentation of temperature as 
we descend from the surface of the earth towards its interior; of which 
subject weadopt from Mr, W. Hopkins the following condensed statement. 
A considerable number of observations have been made to ascertain 
the temperature of the earth at considerable depths beneath its surface, 
and the law according to which that temperature increases in 
descending. This law, in a considerable number of localities, may be 
consid as approximately determined to be—that the increase of 
temperature above that of the mean temperature at the surface in any 
proposed locality, is proportional to the depth beneath the surface. 
The results of observation also lead to the conclusion that the rate of 
increase of temperature in descending beneath the earth’s surface is 
nearly uniform in each locality, and nearly the same in different 
localities, being equal to about 1° Fahr. for 60 feet of depth. At all 
depths, therefore, there will be, mathematically speaking, spheroidal 
concentric surfaces of the same temperature throughout, or isotherma 


‘aces. 
“Tre upward migration of heat from the interior towards the surface 
of the globe, in consequence of the deposition of fresh matter upon its 
surface, had been indicated as a cause of geological phenomena by 
Mr. Poulett Scrope; but the theory of the secular variation of the 
isothermal surfaces of the interior of the globe considered as so caused 


was proposed by Mr. Babbage, in a paper read before the Geological 
res f in 1834, and by Sir F. W. Herschel, in letters commu- 
ni to that Society three years afterwards, and eventually 
printed by Mr. Babbage, ey 04 with his own paper, in the appendix 
to his work entitled ‘The Ninth Bridgewater Treatise,’ published also 
in 1837. His application of the theory to volcanic phenomena, 
properly so called, had been announced, however, in terms of extreme 
nerality, and the main object of his paper was to explain 
its means the pyrometric expansion of rocks as the cause of 
elevation. From these circumstances, apparently, it happened that his 
views remained comparatively unregarded until the subsequent 
promulgation by Sir John Herschel of views identical with them in 
their leading features, but more explicitly developed in their appli- 
cation to those phenomena, 

Almost every article in this Cyclopedia which relates to any subject 
of geological acience describes facts, whether structural or dynamical, 
which involve the truth, that solid materials derived from the land are 
perpetually being distributed over and accumulated upon the bed of 
the sea; this havin 
sedimentary strata of which, mainly, the present land consists. We 
have seen that it is also true that the temperature of the globe below 
the surface, and to the greatest depth with which we are acquainted, 
increases as we descend, the heat communicated to the surface at last 
escaping from it by radiation into space. By the continued deposition, 
therefore, of the new sedimentary strata, which are necessarily bad 
conductors of heat, on the bed of the ocean, the interior heat, instead of 
being permitted to escape, will be accumulated, and the original surface 
will acquire the tem before possessed by some isothermal 
surface below, ata depth equal’ to the thickness of the matter deposited 


been the process also of the formation of the. 


upon it, the amount of the accumulation, or the increase of the tempe- 


rature, augmenting with the increase of this thickness; and conse- 
quently, by the necessary extension of this process, the temperature 
of every isothermal surface vertically below the mass of accum 
matter, to an indefinite depth, will rise in the same proportion. If the 
temperature at which water boils at the surface, for example, originally 
existed at the depth of two miles, the deposition of strata of that thick- 
ness would cause the temperature of the original sea-bed to rise to that 
amount; and if the isothermal surface at a certain other depth, of six 
or seven miles, perhaps, had the rature of ignition, the deposition 
of a thickness of sediment, equal to depth would cause 

sea-bed to become red-hot, and, by the continuance of deposition, it would 
eventually “become actually ed,” however refractory its materials, 
“and that without any bodily tra of matter in a liquid state 
below.” This process, to use a familiar illustration given by Sir J. 
Herschel, “ is precisely that by which a man’s skin grows warmer in a 
winter day by putting on an additional great coat; the flow of heat 
outwards is obstructed, and the surface of congelation carried to a _ 
distance from his person, by the accumulation thereby caused beneath 
by the new covering.” In the case of the human body, however, we — 
cannot carry the illustration further: a succession of great coats would 


‘not now raise the temperature of the skin, because the heat of the 


is limited; whereas the succession of external coverings of the ! 
will indefinitely exalt the temperature of the original surface of depo- 
sition, and successively that of all the isothermal surfaces below, 
because the heat of the interior, by the theory, is conceived to be, 
and, so far as we know, is actually, unlimited. 

The removal of matter from above to below the sea, in the 
duction of sedimentary strata, produces a subversion of the equilil 
of pressure, and, as we have seen, and which is the most im) 
effect, a subversion of the equilibrium of temperature, But pro- 
cess, as described, by which this is effected, must be ively slow, and 
it will depend, “1st, on the depth of matter deposited [as already 
explained]; 2ndly, on the quantity of water retained by it under the 
great squeeze it has got ; 3rdly, on the tenacity of the incumbent mass, 
—whether the influx of caloric from below, WHICH MUST TAKE PLAC#, 
acting on that water, shall either heave up the whole mass as a conti- 
nent, or shall crack it, and [the results of the action of the heat upon 
the sedimentary matter and the water] escape as a submarine voleano 
{or a linear series of such volcanoes, afterwards to become subaérial 
and insular], or shall be suppressed until the mere weight of the 
continually accumulting mass breaks its lateral supports at or near the 
coast-lines, and opens there a chain of volcanoes.” For a further account 
of these and other consequences of the rise of the isothermal surfaces, 
the reader must consult the original papers of the authors of the 
induction, or of what, for the sake of convenience, we have termed the 
“thermotic theory of Plutonic and volcanic action.” But we may 
now refer to Sir J, Herschel’s account of the facts of the local dis- 
tribution and systematic arrangement of volcanoes, cited in a previous 
column (666), as evincing their entire agreement with his theoretical 
views here given. ‘ 

Such being the position of the subject, an effort was now made to 


| deduce from the thermotic theory, inthe most general, but also in the 


most explicit, manner, the chemical theory of Plutonic and voleanic 
action, and to show that the latter, as originated by Davy, adopted b: 
Gay-Lussac, and explicitly advocated by Daubeny (though Davy'e 
ine had 4 rejected b en of the authors of the thermotic 
theory), was in ity a simple and necessary consequence of the 
theory of the secular variation of the isothermal ictana ex by 
Babbage and Herschel, and applied by them to account for the same 
phenomena, This was done by Mr. Brayley, in a Friday evening dis- 
course at the Royal Institution (where, thirty years before, Sir H. bes 
had announced his theory), deliverd May 11th, 1838, and published in 
the ‘ Philosophical Magazine,’ series 3, vol, xii., pp. 533-536, 

Viewing the subject in the most general approximate manner, agree- 
ably to the amount of our actual knowledge at the time, and unavoid- 
ably disregarding a multitude of modifying considerations which must 
enter into the discussion of the problem, in order to obtain an exact 
solution of it, Mr. Brayley first pointed out, on the one hand, how 
great a thickness of deposited matter would be required for the original 
surface = dey even enna tem e above that due to its 
geographical position; but, on the other hand, at how insignificant a 
thickness (or depth), compared to the earth’s radius, adequate tem- 
peratures for Plutonic action would occur,—all these inferences being 
founded on the observed law of the increase in temperature in descend- 
ing of one degree of temperature (1° Fahr.) for every fifty (more 
accurately sixty) feet of depth. The depths at which the tem 
of boiling water and of ignition Os svc Ragone be found, are stated 
above, At the depth of 26 miles, less shoth part of the earth's 
radius, cast-iron would melt, or the temperature of 2786° be attained ; 
at 50 miles depth, a temperature of 5000°; and at 100 miles, only 
jth of the earth’s radius, one of nearly 11,000°; either of which, 
from all analogy, would be more than adequate to the effects required ; 
for it cannot be doubted that at such temperatures even the most 
infusible and fixed bodies known to form the earth’s crust would be 
not only liquified but volatilised. 

Davy, after repeatedly advocating his own theory, had fi relin- 
quished it, for reasons which it is remarkable that he should not have, 


’ 
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seen, were er in its support, when the theory was duly followed 
out—in favour of that of an ignited nucleus of the earth, but admitting 
at the same time that it was adequate to the explanation of all the 
phenomena it sought to account for. 

After drawing attention to these points, Mr. Brayley led to 
argue that if the theory of volcanoes dependent on that of the secular 
variation of the isothermal surfaces were true, then the chemical 
theory must also be true, as being necessarily involved in the wider 

ion of the former. The grounds of the argument were the 
following, which, as nearly a quarter of a century has elapsed, we 
now state in the words of Mr. Brayley’s original enunciation of his 
deduction. J 

“The new deposits formed at the bottom of the sea by detrital 
matter must inevitably contain much carbonaceous and other combus- 
tible materials derived from organised beings, and these would become 
distributed sometimes in a finely-divided state, intimately ed with 
earthy bodies,—that is, with oxides of the earthy, ine, and 
common metals. At the exalted temperatures implied in the theory, 
many of these oxides, including those of the earthy and alkaline bases, 
would become reduced to the metallic state; the ignited water with 
which the whole would of necessity be saturated, would be decom- 
posed; its oxygen re-oxidising the bases, and its hydrogen being 
evolved in an uncombined state. Now one of the most abundant 
elements in all the detrital matter would necessarily be oxide of iron, 
which would thus be presented, in a state of minute division, to incan- 
descent, but enormously compressed free hydrogen, by which, agree- 
ably to known results of experiment, it would be reduced to ‘the 
metallic form, water being re-composed. A new affinity would now 
come into action : finely divided metallic iron being in intimate contact 
with the earthy and alkaline oxides, they would be reduced, as in the 
ordinary method of obtaining potassium and the process by which Davy 
and Berzelius first succeeded in deoxidising the combustible bases of 
silica and alumina, and would eventually react upon the water still 
present this constant circulation of affinities, exerted simulta- 
neously in different portions of the heated mass, according to their 

ive temperatures and to the local distribution within it of the 

us substances evolved (dependent on their respective properties, 

i enormous pressures to which would be subject), 
chemical equilibrium would alternately be establi and subverted ; 


ensue. 

Mr. Brayley also briefly alluded to Mr. Scrope'’s “ views of the origin 
and constitution of lava, &c:,"—then and recently considered so 
anomalous,—*as other probable truths involved in the new [that is, 
the thermotic] theory,” from which indeed they were considered in 
this discourse to be as necessarily deducible, as, in the present article, 
es have been advocated as confirmable by known facts. 


pa with Mr. Brayley’s views, Professor John Phillips, at 
about same time (1838), in his ‘ Treatise on Geology, in the 
* Cabinet Cycl ’ remarked,— There is not, we ieve, any 


attempt on record to deduce all the chemical phenomena of volcanoes 
from the hypothesis of general heat below the surface of the earth; 
we must therefore, at present, suppose this is difficult, except upon the 
admission of that powerful absorption of oxygen, from water, which 
the chemical hy i i Proceeding to inquire whether the 
results of the latter “ involve the rejection of the hypothesis of a per- 
vading high temperature below the surface of our planet,” and replying 
in the negative, he continues: “It appears to us very clear, that the 
union of the two speculations here brought into — is nut only 
practicable, but reasonable, and even necessary.” We have seen, how- 
ever, that an attempt had been made to deduce all the chemical phe- 
nomena of volcanoes from the hypothesis of subterranean heat, by the 
intervention of the thermotic theory, certain chemical consequences 
being assigned to the latter. Several years after, Prof. Phillips penned 
the view of the subject taken in the ing section of the present 
article; and his most recent ideas respecting it are stated in the 
following terms in his first Presidential Address to the Geological 
Society, 1859. : 

5 the earth is still fluid within, under the regions of volcanic 
action, and ever ready to pour out its melted constituents under the 
pressure of elastic vapour, is evident by all the phenomena of volcanic 
excitement. Is this fluidity due to the residual heat of the globe, still 
effective in these regions, or maintained if not excited here by the 
chemical | poser of oxidation, by the decomposition of water, the 
reunion of one of its elements with the uncombined bases of the earths, 
alkalies, and metals? The answer, if taken from volcanic phenomena 
alone, pe ambiguous. The chemical products of volcanoes, indeed, 
require the admission of water to the roots of the fiery action, and the 
Ci of it there; but this seems not decisive of the question, 
whether the bases of the alkalies and earths and metals exist uncom- 
bined with oxygen in these situations, chemists of eminence tuking 
agg i Puatierones | 

“Tf we e for our guide, these tremors ap to 
follow laws which appl to elastic peda, wok undulating fluids, bee yet 
they presuppose a si or displacement [see col. 669], such as a fluid 
support for a solid crust might well account for.” 

All the inductions and speculations, however, will be 
affected by the at which we may arrive on a subject of a 
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cosmical nature, and relating to the structure of the planet. This is 
the probable thickness of the solid crust of the globe, assuming it to 
consist of a fluid nucleus of high temperature inclosed in a solid shell. 
The phenomena of the increase of temperature with the depth, and 
their consequences with regard to the heat to which the bodies com- 
posing the crust must be subject at comparatively small depths, as 
briefly noticed above, have led some geologists to conclude that the 
crust, or external solid shell, is not of greater thickness than sixty or 
seventy miles, and others have considered it even less: Mr. Darwin, 
for example,.from his researches on the South American volcanoes, 
infers a probable thickness of twenty miles only. Mr. W. Hopkins, 
and Archdeacon Pratt, of Cambridge, Professors Hennessey and 
Haughton, of Dublin, all mathematicians and physicists, and all havin, 
a well-earned right to independent judgment in matters of physi 
geology, have severally investigated this problem, and the latter two 
inquirers differ tly from the former, if not in some degree from 
each other, in the thickness they respectively assign to the crust. But 
we are disposed to agree with Archdeacon Pratt, that the result Mr. 
Hopkins has obtained agrees best with all our knowledge. The nume- 
rical result of his refined investigation (1839-1841) is, that the least 
admissible thickness of the crust must be about one-fifth of the earths 
radius; a result which after many years’ devotion to physical geology 
he has recently (1859) confirmed, remarking that, “ without assigning 
any great importance to an exact numerical result,” he retained full 
confidence in the investigation, “as showing that the thickness of the 
crust could not be so small as 200 or 300 miles, and consequently that 
no gedlogical theory can be admitted which rests on the hypothesis 
of the crust being nearly as thin as it has been frequently assumed 
to be.” 

This conclusion will necessarily affect all our views relative to the 
causation of plutonic and volcanic phenomena, on whatever foundation 
they may rest. The source of volcanoes must be in cavities contained 
in the solid crust at depths probably not greater than those at which 
the solidity of the crust had been sup’ to terminate, by those 
geologists who reasoned only from the known increase of heat from 
the surface downwards. Mr. Hopkins, himself, proposes to explain 
their phenomena “ on the supposition that a portion of matter more 
fusible than the general mass of the globe, exists in a state of fusion in 
subterranean reservoirs, forming so many subterranean lakes of deter- 
minate extent; in some cases originally distinct; in others, com- 
municating with adjoining lakes by more or less obstructed channels.” 

The view, however, of plutonic and volcanic action at which we 
have now arrived, combining the thermotic with the chemical theory, 
and including also the consideration of the thickness of the earth’s 
crust, will itself require modification, in ‘ quence of Mr. Grove’s 
remarkable observation of the decomposition of water by heat alone, 
independently of chemical action.* ; 

From this it would appear to follow irresistibly, first, that in the 
very interior of the globe the elements composing water must exist in 
a state of separation from each other, as it were, rigidly separated by 
heat ; but still, from the immense pressure to which they must neces- 
sarily be subject, in a very dense state, so that, upon reduction of 
temperature—lowering of the heat—they would immediately enter 
into combination. 

Secondly, that even in the superficial lakes of molten or flowing 
matter, to which, after Mr. Hopkins, as we have seen, we must attri- 
bute volcanoes,—universally distributed below the mere surface of the 
earth,—as shown by Mr. Darwin,—the result of the deposition on the 
bed of the ocean * | new deposits, causing the rise of the isothermal 
surfaces, as demonstrated by Babbage and Herschel—in the more 
heated parts of those lakes water will exist, not as steam or as 
incandescent or ignited water, but as mixed but uncombined oxygen 
and hydrogen gases, At the same time the mere effect of heat will be 
modified by pressure, and the chemical action of the bodies present, so 
that we have here another great result perfectly in harmony with the 
thermotic theory on the one hand and the chemical theory on the 
other. But we are not to expect any evid of the exist of free 
oxygen and hydrogen below to arrive at the surface, for as the upper 
parts of the molten flood will be of inferior temperature in them, or 
in their ignited solid roof, the gases will reunite into water, and 
eventually ascend to the surface, as steam, or mingled with the mineral 
elements of. lava, in some state intermediate between those of liquid 
and vaporous water, to be disengaged as steam in the volcano, and from 
the surface of currents of lava, 

Thus, all the . aed powers and forces which govern the material 
elements of the globe mutually act and react upon each other. Pres- 
sure and condensation ened by gravity, combination resulting from 
chemical affinity or attraction, heat, producing alternately rarefaction 
or condensation, combination or separation, accordingly as it is related 
to the other forces; the whole being so held in equilibrium between 
themselves and the antagonistic action of the sun upon the ‘surface of 


* It has been doubted whether the decomposition of water in Mr. Grove’s 
experiment is really due to the action of heat; but there is no room for doubt 
that it is due at least to agencies excited by the temperature obtained, or 
inseparable from it, so that the argument in the text will remain valid. The 
decomposition is effected at the temperature, whether immediately by its means 
or not, and will not take place at an inferior heat. 
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the earth, that the magnitude, figure, order, and beauty of our planet 
are tually maintained.* 

(The reader may consult Daubeny On Volcanoes ; Poulett Scrope's 
Considerations on Volcanoes,and 


Beche, @ i Manual ; , in 
hago iy Transactions ; Humboldt’s Cosmos, 7'ravels, and i 
on ; Von Buch, On the Canary Islands ; Abich, H., Ueber die 
Natur, de. der Vulkanischen Bild in Italien, and Vues Ilustra- 
tives ; S, von Waltershausen, Adas de /’ Etna, and Ueber die Vulkanische 
Gesteine, &c. ; De Beaumont and Dufresnoy, Oa Amepei Beudant, 
Hungary ; D’'Aubuisson's Geology ; Bischof, On Mineral Waters ; » 
‘On the Apallachian Chain, in Reports of Brit. Assoc., 1842; Prof. 
John Phillips, Treatise on G ; Mitchell, ‘On Earthquakes,’ Phil, 
Trans., 1760; Ansted’s G ical Gossip.) 

VOLTAIC ELECTRICITY. [Gatvawisa.] 

VOLTAIC PILE. (Gatvanic Barrsry. 

VOLTAMETER. [Evecrro-CHemistry. 

VOLUME. This word, as meaning a part of a book, is derived from 
the old form of a book, a roll pe pose bin But our language takes 
from the French a sense of which the Latin knows nothing; and 
volume means bulk, size, or solid content, Thus the volume of a sphere 
is two-thirds of that of its circumscribed cylinder: the volume of a 
2 og one-third of that of a cylinder of the same base and altitude, 

80 on. 

Under the various words, Prism, Criixprr, Cong, Sruere, &c., will 
be found the modes of ascertaining their volumes. The mode of 
finding the volume which is contained under a given surface is a pro- 
cess of the integral calculus, which it would be useless to attempt 
ibing within any limits we could afford. 

VOLUMETRIC ANALYSIS. Volumetrical Analysis. In chemistry, 

is com that series of operations by which a compound 
body is ved into its constituents, Analysis may be Lenape 
and have for its object the mere ascertaining of the number 
of the constituents, or it may be quantitative, which as 
well includes the determination of the amount of each ingredient. 
Quantitative analysis is based upon the great chemical law of 
definite combini siepeciheens ak sek be proceeded with either 
in a gravi ical or in a volumetri manner; that is, a body 
may be isolated and weighed alone in a balance, and its quantity 
ascertained ; or it may be separated by, and weighed in combination 
with, another body, w ecombini roportion is well known: such 
is the gravimetric method. The ce, the instrument used for 
measuring the gravitating force of the compound, may, however, be in 


i 


accurate weights, great skill in manip 
considerable amount of time. Volumetric analysis is Only applicable 
to a limited extent; and the liquids referred to, or standard solu- 
tions as they are called, sometimes require considerable care in their 

aration ; but no elaborate apparatus is necessary, The operation 
[age and easy of execution, and may. usually be performed in 
one-tenth or one-twentieth part of the time necessary for a gravimetrical 


ent. 
olumetrical analysis seems to have first sprung from Richter’s 
observations on neutral saline solutions, a research which much aided 
the discovery of the laws of chemical combination. Quantitive estima- 
tion by the balance, or restricted gravimetrical analysis, existed prior 
to that time, and was constantly appealed to in determining the truth 
of these laws, because the balance was already well known, and its 
indications could be relied on. Until chemistry to be 
applied in the arts and manufactures, there was little or no 
demand for expeditious analytical processes ; even the volumetrical 
cert ny: acidimetry, and chlorimetry, introduced by 
izilles, and improved by Gay-Lussac, Dalton, and Faraday, for a 
long time stood alone; and not until within the last ten or fifteen 
years did the operation of analysis by measure attract any particular 
attention, or seem likely to aid, much leas to any extent supersede, the 
old method of gravimetry. Since that time, however, the 

has been in the opposite direction ; and now many of the elements, as 
well as the more commonly occurring proximate principles, can be 
estimated by Seong method a. Snag have ey; eran ed exclusively 
analysed volumetrically, but, requiring special liar treatment, 
their a is described vec Gasoxarrnie Axatres, which is 

generally upon as a distinct separate ch of chemistry. 
An enumeration of all the of volumetric picrarrgse te 
require more 6 than can be devoted to such a subject in this 
hep e nor would such a list be of value for any length of time. 
The masterly researches of Bunsen and others have already systema- 
tised and extended the applications of many of these processes; in a 


* This view of the effect of Mr. Grove's observation on the chemical part of 
plutonic and voleanic theory, f d part of a lecture delivered by Mr. Brayley 
at the Russell Institution, in 1847, shortly after that observation bad been 
communicated to the Royal Society, 
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It consists of a glass tube, a, from three- to fi of an inch 
wide, contracted at the lower extremity, b, and uated, To the 
contracted portion is fitted a small piece of vulcanised caoutchouc tube, 


pomp adh rg barca foot mabe pa spout, d, wee 
tube, is inserted. wire p, ¢, effectually prevents any 
Soocy gaatiexiet at the burette, unless the knobs, é, é, are pressed by 
the finger and thumb of the operator, when the liquid either flows or 
drops as may be wished. The accurate reading off of the height of 
the solution in the burette is a matter of t importance; Erdman 
recommends, for this purpose, the use of a float, fig. 2. It is a hollow 
glass bulb, and is used as indicated in fig. 3, which its the u 
part of the burette. It must move freely within the burette, 
specific gravity be so adjusted, by enclosing in it a small quantity of 
mercury, the upper edge of the liquid in the burette may cut it 
uniformly on all sides at a line, a, marked round the central of 
it. In order also that the line on the float may be with the 
graduation on the burette, and that no undue friction exist be- 
tween the two surfaces, the axis of the float must with 
that of the tu In cases where the test-liquid contains anything 
that may act upon the caoutchoue, the end (b, fig. 1) of the tube may 
be more finely drawn out and fluid expelled i Aastra § ag a 
an india-rubber ball attached to the upper extremity of the s 
Burettes may be specially graduated for a particular class of operations, 
as seen under ALKALIMETRY, and Acrprmerry; the degrees may indi- 
cate measures of ten each, as described under Soap-Trst; or, as 
now usually adopted in chemical laboratories, the division may be into 


“ classifying ais reacti hich reducing or oxidising volu. 
fying jons w u or - 
anette determinations are Bunsen has succeeded in preparing 
three test-solutions, by which any of the following substances can be 
reer estimated : mixtures and compounds of iodine, chlorine, 
sulphites 


bromine, , hypochlorites, sulphide of hydrogen, 


= 


in i eel 
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chromates, chlorates, arsenites ; the p of iron, manganese, lead, 
nickel, &c., protoxide of iron, &c. fact on which the method is 
based is as follows :—that when iodine is brought into contact with 
an aqueous solution of sulphurous acid, containing not more than 0-04 
or 0°05 per cent. by weight of anhydrous acid, hydriodic and sulphuric 
acids are respectively formed :— 
- I + HO + 80, 
—_— —_— — —_— — 
Iodine, Water. Sulphurous Hydriodic Sulphuric 
acid. acid, acid. 


= HI + 80, 


The standard solution of iodine is made by dissolving five grammes 
of perfectly pure iodine in a concentrated solution of pure iodide of 
potassium, and making up the liquid to exactly one litre with pure 
distilled water. This solution (=1000 cub. cent.) will obviously con- 
tain 0-005 of iodine in every cubic centimetre. The sulphurous 
acid liquid.is made by adding 35 or 40 cub. cent. of a saturated solu- 
tion of sulphurous acid to 5000 cub. cent. of water, introducing a little 
starch into some of the solution, and then pouring in the 
eateed abet of iodine until after brisk agitation a distinct blue 
coloration remains. The value of this sulphurous solution having been 
calculated according to the above equation, it must be diluted till it 
contains 0°03 gram, of sulphurous acid in 100 cub. cent, The third 
test-liquid taining about one gramme of pure iodide 


necessary is one con’ U 
of potassium in 10 cub. cent. of water. In using these sta 
solutions for estimating an unknown quantity of free iodine in any 
substance, a weighed quantity of the latter is taken, the iodide of 
potassium solution added to dissolve the iodine, (if not already in 
solution) and the sulphurous acid solution then added until the brown 
colour of the iodine has disappeared. To effect this, an excess of the 
sulphurous acid is necessary, but that excess is determined by mixing 
a small quantity of starch paste with the pa tag then adding the 
standard solution of iodine until the blue colour a and remains 
pernianent. The quantity of iodine equivalent to the total amount of 
sulphurous acid used, less the quantity of iodine afterwards added to 
neutralise excess of sulphurous acid, will be the amount of iodine 
in the portion of substance that was submitted to examination. 
Preece ee reteieeteds Dandbicd of Temseer: Gepenes epee the 
circumstances that so many bodies may be made directly or indirectly 


on 
and then the 


sought for. Hypochlorites are valued according to 
b ixing a solution of a known weight of the salt with 


number of substances which directly liberate chlorine,—and ly 
iodine,—those substances bce llonedf res Arp es pape 4 


bodies be heated with a known weight of bichromate of potash 

and hydrochloric 

under these circumstances three 

which must of course be and excess i as above 
it will liberate. For other examples 

of Bunsen’s method, see the English translation of 

Fresenius’s ‘ Quantitative Analysis,’ third edition, 

Gay-Lussac’s volumetric method of estimating silver by a standard 
solution of chloride of sodium, has already been described under 
Assayina. The converse is of course equally easy, namely, the deter- 
mination of the amount of chlorine in any chloride by a standard 


solution of nitrate of silver, | inp ating eaporralorie fale aa 
of general application: thus ammonia estimated by adding 
fate oF hydrochloric acid, evaporating to d 


and the chlorine estimated as before; the weight of the latter 
being, of course, transformed by calculation into an equivalent quantity 
of carbonic acid. Carbonates or nitrates are converted into chlorides, 
the chlorine estimated, and the equivalent of nitrate or carbonate 
Salts of organic acids may be altered to carbonates by 
the carbonates treated as already described. Chlorates, 
are reduced to chlorides, iodides, and bromides, 
and also acted upon in the way indicated. 
ermanganate is @ reagent of considerable value in the 
volumetric analysis of substances which readily absorb definite quan. 


tities of oxygen. Possessed of an intense purple colour, its solution 
freely gives up its oxygen and becomes almost colourless. It is best 
standarised by noting the quantity necessary to be added to a known 
amount of a definite protosalt of iron, such as the ammonio-protosul- 
phate, before a permanent purple tint is produced : this of course only - 
occurs when the protoxide of iron is wholly converted into xide. 
After the stre: of the permanganate of potash solution has been 
thus fixed, it can be used for estimating an unknown amount of pro- 
toxide of iron in a weighed quantity of a mixture of the two salts and 
for other similar operations. 

In all the above described processes of volumetric analysis, as well 
as in those only referred to, a balance and weights or saturated solu- 
tions of definite strength are necessary at some stage of the operations, 
Quantitative determinations can, however, be made without the use of 
weights, with volumetric solutions of unknown stre ,and the 
strength of which need not be ascertained or regulated. For example, 
let it be required to know the amount of carbonate of soda in a 

en of crude soda-ash. Place on one pan of a balance a piece of 
emically pure carbonate of soda and counterpoise it by the crude 
ash ; dissolve in se’ quantities of water, tinge the solutions by 
litmus, then add dilute acid from a graduated measure until both are 
saturated ; suppose, now, that twenty-two volumes of acid were 
i for the pure and sixteen for the impure, then as 
22: 16:: 100: 2, a calculation that shows the crude ash to contain 
72°7 per cent. of pure carbonate of soda. Many other determinations 
may obviously be made on the same principle. The substance to be 
determined need not even be available in the pure state; one of its 
compounds must, however, be attainable in that condition, and both 
that compound and the impure body must be capable of being 
similarly acted upon by the test-liquid employed, For instance, in the 
example above worked out, pure carbonate of lime may be substituted 
for carbonate of soda, but the number of volumes of test-liquid used 
must be added to or subtracted from according as the equivalent of 
the substituting body is higher or lower that of the body 


substituted. 

VOLUNTARY SETTLEMENT. [Serrtement.] 

VOLUTE, a rolling or spiral curve, a name particularly given to the 
spiral which appear in architectural columns as ornaments of the 
capitals. The Ionic volute (figured in Cotumy, col. 49) is that which 
is of most interest. There has been, we believe, some discussion as to 
what the form of this curve really was. Whether the architect of a 
Greek le employed anything but his eye to give an agreeable form, 
we do not know; but a mathematician would say beforehand that it 
would be hardly possible to draw such a number of concentric spirals 
not interfering with each other as are seen in the diagram above cited, 
unless each of them was tolerably near to a logarithmic spiral, in 
which the tangent always makes the same angle with the radius. We 
examined with icular attention a cast made at Athens by Professor 
Donaldson, and found the following result :—Taking the diagram in 
CoLumy (col. 52), we found that each spiral, as far as 0, or there- 
abouts, was rei true to the logarithmie spiral; but that from 
c the law of the curve changed, and the acute angle made by the 
a it with the radius vector began to increase, until it became a 
right le at A. 

VOMICINE, [Nux Vomtca, ALKaLoms or; Brucine.] 

VORTEX. The theory of Descartes on the formation and mechanical 
laws of the universe was first published in 1637, in his ‘ Principia 
Philosophiw.’ One part of this theory, namely, the hypothesis of 
vortices, is almost the only one which generally by the name of 
Des Cartes. But it should be remembered that this ia only a part, and 
a small part, of the system which rendered the Newtonian view of 
astronomy for a long time unacceptable to the continental philosophers, 
The metaphysics, the mechanics, and the astronomy, of the once cele- 
brated Cartesian system, combined as they were by one writer, and 
that writer a most skilful and elegant proposer of his own views, are to 
be looked at together as that which Newton's philosophy had to meet. 
Perhaps we should not be wrong in saying that the impossibility of a 
vacuum, maintamed by Des Cartes as sclt-evident, was a greater ob- 
stacle in the way of theory of gravitation, with which it seemed 
incompatible, than the theory of vortices, which Des Cartes | earwnny 
as an hypothesis, and which did not necessarily contradict Newton's 
deductions. We shall here present a brief sketch of the system, so far 
as is necessary, from the third book of the ‘ Principia Philosophiz :’ 
this sketch is, as far as it goes, only a table of contents of the work 
itself. 

The human imagination must not either limit the power of God or 
unduly exalt its own: 4nd it must not suppose that all things were 
made for man’s use . In enumerating penomena Descartes pre- 
fers rather to deduce from causes than to make them serve in 
finding causes. He then describes the relative distances of the planets, 
and asserts the immensity of the distances of the fixed stars. After 
the usual statements relative to the light of the sun, planets, and fixed 
stars, he rejects the Ptolemaic hypothesis, and observes that those of 
Copernicus and Tycho Brahé ditfer very little as hypotheses, and ex- 
plain phenomena in the same manner. He says also that Tycho, 
though he denies the motion of the earth, yet in reality gives it more 
motion than the former (with Descartes, relative motion was a most 
absolute idea); whence, differing from both, he will, with more truth 
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the circumjacent parts 
of the heavens with it, but which does not change its place in the 
heavens : the solar matter does not need aliment. Each one of the 
fixed stars has an immense 5: about it, in which there is no other 
fixed star. The heavens are filled with fluid matter, as astronomers 
commonly suppose, because they do not see how the phenomena of the 
planets can be otherwise explained. Each* of the heavens carries with 
it all bodies therein contained. The earth and every planet is at rest 
in its heaven, though it may be carried with that heaven: the earth 
therefore, or any one planet, may be said not to move, but all the 
others must be said to move. The whole heaven of the sun is moved 
round it in the manner of a whirlpool, “in modum cujusdam vorticis,” 
the more distant parts moving more slowly than the nearer; and the 
planets are carried round with this heaven. And as in the larger 
whirlpool are sometimes seen smaller ones, which are carried round in 
the larger; so each planet is the centre of a smaller vortex, in which 
its satellites are carried round their pri The sun and planets are 
carried round their axes by the motion of their vortices (the inclina- 
tions of the planetary orbits to the ecliptic have an obvious explana- 
tion : the inequalities in longitude are mentioned without explanation). 
It can hardly be that an hypothesis which thus explains phenomena 
ean be false : to say this would seem to be an imputation upon the 
Deity, namely, the supposition that He made us so imperfect, that a 
right use of reason might lead us to deceive ourselves (Descartes is 
not the only one who has used this sort of argument). Nevertheless, 
he is willing that it should be put forward only as an hypothesis. And 
though both religion and reason teach that God made the world com- 
plete, that not only the seeds of plants were formed, but plants them- 
selves, &c,, yet the nature of things will’ be better explained if it can 
be shown how, as from seed, the solar system was produced (Descartes 
here fears the imputation which was afterwards cast upon the author 
of the nebular hypothesis [Sotar SysteM]). All matter originally con- 
sisted of particles, forming numbers of fluid heavens, revolving about 
their several axes. These particles were originally equal in size and 
motion ; they also became spherical, when the corners had been worn 
down by rubbing against each other. And since no portion of space 
can be vacuous [Vacuum], the interstices of these spheres must be 
filled by matter, of form perpetually changing, derived from the parts 
worn off the angles > this last kind of matter moves more quickly than 
the other. Besides this there is a third sort of particles of matter, 
more solid, or else of form more adapted to motion: of this planets 
and comets are composed. There are three classes of celestial heavens : 
the first, that of our sun and its system; the second, the various 
heavens of the fixed stars immediately adjoining ; the third, including 
all which are beyond, and which never can be seen in this life, The 
primary particles, as those are called which are obtained by attrition 
from the secondary particles, at last become more than enough to fill 
the intervening spaces (how this could be Descartes does not say), and 
the residue, as fast as it arises, was forced to the centres of the vortices, 
where it formed certain very fluid spherical bodies; these are the sun 
and fixed stars, The secondary particles receded from the centres to 
make room. The efflux of these primary particles from the fluid bodies 
just described is light. The centrifugal force of particles in motion 
round a centre is then dwelt on, and the circular form of the sun and 
fixed stars is attributed to it. The motion of the vortices must be 
such that their contiguous parts may have a common motion. The 
primary particles flow from the poles of each vortex towards the centre, 
and from the centre towards the other parts. But the same must not 
be said of the secondary or spherical particles (the reasons given are 
fanciful in the extreme, consisting entirely in different motive powers 
given to the two species of particles). 

The preceding may give a sufficient idea of the sort of foundation 
which Descartes builds upon, and his manner of raising the structure. 
He through what he supposes to be explanations of all the 
phenomena of light, of the formation of planets and comets, and of all 
the varieties of conformation which are seen in the solar system. 
Why comets have tails and planets none; how the primary particles of 
other vortices find their way into ours, so that we can see the fixed 
stars; how the planets obtained their first motions of projection: 
how the spots on the sun are formed, and so on, are all explained by 
the powers of the two species of particles: an hypothesis on their 
nature being always ready when wanted. A reader who has looked 
into this book of Descartes’s ‘ Principia’ begins to understand two 

ings better than before: first, the satire on philosophical explana- 
tions contained at the end of Moliére’s ‘ Malade Imaginaire,’ written a 
few years after the death of Descartes; next, the declaration of 
Newton, [Hypotheses non jingo. 

As the hypothesis of vortices is ustally represented, it has a certain 
reasonableness of appearance, which no doubt makes many wonder 
why it should be so universally contemned. If a fluid mass were 
whirled round the sun, it would carry the planets with it: and the 


* The matter in the space about a planet, or star, which is under tho influence 
of that planct, is called its Araren. 


pansion of minor vortices, one round each planet which has a 
satellite, is perfectly consistent with the laws of hydrostatics. When 
Newton proposed to refute the system of Descartes, he was o) to 
have recourse to numerical considerations; he could not but admit 
that a planet, in one of Descartes’s vortices, would have an orbit; but 
he showed, from the nature of fluid motion, that it could not have the 
orbit which, from the time of Kepler, it was known to have. The 
quality of a phenomenon is known before its amount is measured ; 
and it is natural to expect, in the history of philosophy, that explana- 
tions which serve to account for the nature of a phenomenon, but are 
irreconcilable with its amount, should precede Pam which are drawn 
from consideration of both. The possibility of the planetary motions 
finding their proximate cause in the rotation of a fluid mass which 
fills the solar system, is a thing which did suggest itself, and ought to 
have suggested itself, to the inquirers of the time which elapsed be- 
tween Copernicus and Newton. Descartes says expressly, “‘ putandum 
est, non tantum Solis et Fixarum, sed totius etiam cali materiam 
fluidam esse: quod jam vulgo omnes astronomi concedunt, quia vident 
phenomena planetarum vix aliter posse explicari.” No m i 
difficulty stood in the way in their time; and those who had seen 
years of dust whirled about by the air would have no difficulty in 
agining the hypothesis of a vortex. Now we find this fault with 
the common notion of Descartes’s system: the disparagement which 
belongs to it as a whole—to the primary and secondary particles which, 
though obtained from the same original particles, yet have different 
laws of motion, and to the gratuitous deduction of everything from 
this fancy—is conveyed to their readers by writers who only pa 
the most rational extract which could be made, namely, the idea of a 
vortex, This is the sort of syllogism on which such writers proceed : 
“ Descartes’s system is ridiculous; all [ know of that system is its 
vortices; therefore 1 must laugh at the vortices.” Yet not only was 
Newton obliged to have recourse to his most powerful weapons to 
refute these vortices, but it is not at all a settied point that his refuta- 
tion is sound ; that is, his mathematical refutation. His remark that 
comets could not find their way through the vortex is much more to 
the purpose, though Descartes has his way out of this difficulty, as out 
of every other. : 

VORTICES. [Vorrex.] 

VOUSSOIR, one of the stones of an arch. [Arcu.] 

VOW (from the Latin “ votum,” through the French), a promise to 
perform some future act, or to pursue some future line of conduct, 
confirmed by an appeal to the Supreme Being, or at least to some 
supernatural power, to punish or be propitious to the maker of the 

romise according as he breaks or keeps his word. Abraham made 
his steward swear that he would faithfully discharge the mission to 
seek out a wife for Isaac; this is an example of the vow which is 
supposed to bind a man to perform one definite act or incur some 
supernatural punishment; and the oath taken by witnesses, in courts 
of justice, at the present day, to speak the truth, belongs to the same 
class. Picea Some vows again are understood to bind those who 
make them to the performance of certain limited duties for the whole 
of their future life—such are the marriage vow, as contemplated by the 
Church of Rome and the law of England, and the coronation’ oaths of 
kings. Some vows are even intended to give a icular form and 
direction to the whole of a man’s future emotions, thoughts, and 
actions—such are the priestly and monastic vows. The view enter- 
tained of the character and operation of a vow has differed materially 
at different periods. The vow originated in a religious conception, in 
the recognition of some unseen power superior to and exercising a 
control over visible nature and man’s destinies. But as the moral 
faculties of society exparided, the vow came to be regarded as a solemn 
form of making a promise, in which the appeal to the Divinity was 
meant to remind the utterer of the oath of what men are too apt to 
forget, that the eye of God was upon him, and that His univ and 
unfailing law punishes crime and falsehood. The operation of a vow 
is different upon two different classes of minds. ‘To the ignorant and 
superstitious it affords a motive (their fears) for adhering to a course 
of action that their fickleness or dishonesty might have tempted them 
to swerve from. In the more enlightened it awakens a stronger sense 
of the importance of the act they are about to undertake, renders 
them more cautious to pledge themselves beforehand, more resolute in 
performing a promise once made. . 

The instances in which, in a rude state of society, advantages are 
derived from vows or promi oaths, are perhaps not few in 
number, but they are still exceptional. The bad influence of the 
superstitious view of the nature of a vow is permanent: it perverts 
men’s moral opinions by leading them to actions as vicious and 
virtuous, not because of their own inherent character, but because of 
their being consistent or inconsistent with a promise made beforehand. 
Men have thus been led to see criminality in the non-performance of a 
crime they had pledged themselves to commit. The danger with 
regard to vows, understood in the more rational sense, consists in their 
too frequent use, or in their employment upon trivial occasions, The 
public promise of a king ascending the throne to govern with equity—* 
the pledge of man and wife to know one undivided interest til death 
—the promise to give true and faithful evidence where bet pcoret 
life, or honour of a tage he at stake—are worthily and usefully 
accompanied by an appeal to the Divinity, that reminds the makers of 
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these promises of the importance of the engagement they have taken 
upon them, and brings the religious sentiment to en and 
confirm the dictates of expediency. But custom-h oaths, ma: 
vows, and such trivialities and mummeries, degrade the vow to the 
level of a mere theatrical show, or of the thoughtless habit of inter- 
jectional swearing in common discourse. The addition of a vow does 


not render a more binding, or alter the reason why it is 
binding. <A promise affords a ground of belief that a man will act in a 
certain i manner, instead of being carried away by the 


og papeanlergg moment. It is of advantage to the individual who makes 
promises that he should, except in extreme cases, contract the habit of 
adhering to them, because it imparts consistency and power to his 
character; and it is of advantage to all with whom he may have 
dealings that he should contract this habit, for it renders their trans- 
actions with him safe. on ake ee feeling ee gon in 
very extreme cases, promises it to ept, even to the cer’s 
Sasteatiore Wisoie details ta the mone ovine: the caperedded 
appeal to tlie Divinity by its solemnity renders men more cautious 
in binding themselyes, and more earnest and unwavering in the 
performance of their promise. The danger of making vows frequently 
and on trivial occasions has been inferred from the nature of the 
religious sentiment called into play: a further restriction of their 
admissibility may be deduced from he nature of the simple promise. 
It limits man’s freedom of action, and so far is a disadvantage. It 
tt to be confined to actions: for a man to pledge himself to feel 
think only in a certain manner is to undertake an impossibility. 
It pledges him to an unhealthy struggle against the order of nature. 
The promise ought moreover to be restricted to actions meritorious in 
themselves, and of some consequence. If to commit a crime is bad, to 
promise to commit one, and deliberately to keep the promise when 
aware of the criminality of the act, is worse. To tie a man’s self up 
by a ise from the commission of an action indifferent in itself is a 
wilful waste of the power of self-denial, of which man at the best has 
no more than barely serves his necessities: the mind worn out with 
struggling against ities falls an easy prey to temptation 
in more important matters. whole hi of the monastic orders, 
a history attractive from the grandeur of its irregular and imaginative 
struggles, is an illustration of these views. With regard to simple 
the rule of action is to make as few as possible, and exert 
overy effort to keep them unleas oonvinoed that to do so, would be 
a crime. With regard to vows, the same rule holds if possible with 
more force, because fickleness in regard to them implies a profane 
i with the most sublime emotions of our nature. 
VOWEL, [AtpHaset.] 
VOYAGE. [Sutrs; Borromry.] 
VULCAN, ne cage 
VULCANISED INDIA RUBBER. [Caourcnovc Manuracture.] 
VULGATE. The Vulgate (Vulgata versio), or common version, 
is the name sometimes given by St. Jerome to what he elsewhere calls 
the Vetus, or ancient version, and what St. Augustine calls the Vetus 
ot by bibl 
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original Vulgate, which he completed about a.p. 390. 
Before this date, however, he had commenced an entirely new transla- 


tion from the original Greek and Hebrew; and it is this to which the 
name of the Vulgate is now given. The earlier Vulgate, as revised b: 
Jerome, has all perished, except only the Book of Psalms and the Book 
of Job, and the apocryphal Books of Maccabees, Baruch, Ecclesiasticus, 
and Wisdom. The use of Jerome’s new version appears to have been 
gradually introduced ; but ever since the 7th century, when it was sanc- 
tioned by Pope Gregory L., it has been exclusively adopted by the Romish 
Church. The Council of Trent, in the 16th century, even conferred 
upon it an authority superior to that of the original text, by ordaining 
that “the Vulgate alone should be esteemed authentic in the public 
reading of the Scriptures, in disputations, in preaching, and in expound- 
ing, and that no one should dare to reject it under any pretext what- 
ever.”’ Accordingly, all the Romish translations of the Bible into the 
modern fess to have been made not from the Greek and 
Hebrew, but from the Vulgate. 

The true text of Jerome’s version, however, has been at all times 
matter of doubt and controversy. It very early got mixed with that 
of the Vetus Jtala ; and the restoration of its purity employed the 
labours of Alcuin, by direction of Charlemagne, towards the close of 
the 8th century, of Lanfranc, archbishop of Canterbury, in the 11th, 
of Cardinal Nicholas and others in the 12th and 13th. After the 
invention of printing, the Latin Bible was the first considerable work 
that was sent to the press; but the earliest editions exhibited a very 
corrupt text. The first critical editions were those produced at Paris 
by Robert Stephens (Etienne), in 1528, 1532, 1534, 1540, 1545, and 
1546. Of these the edition of 1540 is accounted the best. Other 
corrected editions are those of John Hentenius, a divine of Louvain, 
first printed at Louvain, in folio, in 1547, reprinted by the Plantins, at 
Antwerp, in 5 vols. 8vo, 1565 and 1574 ; and that of Lucas Brugensis, 
and other divines of Louvain, printed at Louvain, in 3 vols. svo, in 
1573 ; and again, both in 8vo and 4to, in 1586. 

The first revised edition of the Vulgate promulgated by authority 
in the Romish Church was issued at Rome from the press of the Vati- 
can, in three volumes, folio, in 1590, under the title of ‘ Biblia Sacra 

ina, Vulgate editionis, jussu Sixti V. recognita et edita’ This 
edition, the p: ion of which had been begun under Pius IV., was 
declared by Pope Sixtus to be the authentic text, and is known as the 
Sixtine Vulgate, or the Bible of Sixtus V. Yet it had been no sooner 
published than it was discovered to be full of misprints and other 
errors, which were very insufficiently corrected by the necessary 
emendations, printed upon separate strips of paper, being here and 
there stuck over the original word where the had been most 
grossly disfigured. Gregory XIV., who succeeded Sixtus V., ordered 
it to be suppressed, and the true Sixtine Vulgate is now of excessive 
rarity. A new edition of it,in the same form, was brought out in 
1592, under the authority of Gregory's successor, Clement VIII., and 
this is called the Clementine Vulgate, or more frequently by Roman 
Catholic writers the corrected Bible of Sixtus V. It is now the 
authorised edition in the Romish Church ; the Vulgate as since printed 
being commonly entitled ‘ Biblia Sacra Latina, Vulgate editionis Sixti V. 
et Clementis VIII.’ Protestant controversialists have, naturally enough, 
made the most of the variations to be found between the Sixtine and 
Clementine Vulgates, each published and declared to be the only true 
edition by an authority professing to be infallible. 

VULPE’CULA ET ANSER (the Fox and the Goose), a constella- 
tion of Hevelius, situated immediately above Aquila and Sagitta. It 
does not contain any stars of conspicuous magnitude. 

VULPINIC ACID. [Licuens, Cotourrye Marrers or.] 


the attempt to pass with rapidity from either of these to the others, 
more icularly to the other extreme, gives an initial breathing 
which the character of a consonant, namely, in the one case ¢e-00, 


or you ; in the other 00-ee, or we. Hence it is that the letters y and w 
appear as the representatives, sometimes of a consonant, sometimes of 
a vowel. The i w is formed by the repetition of a v, 
which itself is only a variety of the symbol u, and that again has in all 
probability grown out of the letter 0. [ALrHaBeT.] The Anglo-Saxon 
alphabet employs the symbol p. In Latin the v or wu consonans had 
probably the power of a w, a supposition which at once accounts for 
the use of a common character for the vowel and consonant. The 
Greek and Hebrew alphabets had also a single | for this con- 
Ee ee pce an 8 led di in the 
former, vau or waf in the latter. But in the Greek alphabet the letter 
went out of use, and is, therefore, commonly omitted in our gram- 
mars of that language, although the gap at this point in the alpha- 
ers eo tea ern arene, evicouce. to, Se. Cepia 
ep letter. [DiGamma,] Most of the modern of 

are deficient in a symbol this letter. The French employ 


what is a sufficient though a clumsy equivalent, the diphthong ou 
prefixed toa vowel, as in the common particle oui; the Spaniards 
prefer hu, as in huevo, hueso, In this way the map of the New World 
often gives testimony as to the race of Europeans who originally 
settled in the country. Thus the Indian tribe which has furnished a 
name to the territory belonging to the United States now called 
Wisconsin, in the old maps is written Ouisconsin, that country having 
been first visited by the French. So in in Mexico, the town 
Chihuahua (pronounced Chiwdwa) tells us that its name was first 
written by Spaniards; and the same may be said in the map of Peru 
of the river H ; and the numerous towns commencing with 
the same syllable, as Huancavelica, Huancayo, Huanuco, Huancabamba, 
&c. At other times the Spaniards have employed the letters gu, as 
may be seen in the different rivers of Spain Proper, which have pre- 
fixed the Arabic word , denoting water; and this mode too of 
representing a w is to traced in i pe America in Guamanga, 
Guanca, Guancarama, Guatemala, &. ‘The ancient Greeks again often 
 hegper a simple o to represent a w, as in oda, &c. [DicamMa.] We 
ve hitherto spoken of the consonantal power of the letter ; its use as - 
a vowel, so far as our own language is concerned, is confined to the end 
of syllables; and there is always another vowel prefixed to it, asin | 
new, law, show ; but in the Welsh language it is employed by itself, and 


WAFER, 


WAGER. 


in the middle of syllables with the power of a vowel. The map of 
Wales will furnish abundant examples, as Pwlheli, Cwmtydr, Bettws, 
Liwchwr, often written Loughor, &. 

Many nations have a difficulty in pronouncing the consonantal w. 
This is more particularly the case in some of Germany, where 
the people are unable to appreciate the difference between a w and a v, 
almost always substituting the latter sound, or what nearly approaches 
to it. Hence it is important for the philologist to distrust the evidence 
and criticism of a German scholar when these sounds are in question ; 
and this caution may be more particularly given in reference to 
German writings upon the Sanskrit on too is remark- 
able for the confusion of the sounds, tho this confusion does not 
seem to arise from oy! inability to pronounce either a w or av, each 
being substituted for the other with a most amusing perversity. 

The other interchanges of this letter have teen abenely given under 


the preceding letters. See C,§ 4 and 7; G,§6; H,§7; M,§5; 0,| 


§11; R, $8; 8,§ 11; and Dicamma. 

WAFER, a small round piece of dried paste, which is used to fasten 
letters. The host, as given to laymen at the sacrament in the Romish 
Church, and the piece of consecrated cake given in extreme unc- 


tion, is also called a wafer, and it is recommended to be swallowed * 


whole if possible. Thin cake formed into a roll, and called wafers, is 
still sold by pastrycooks. In fact the word was used in England to 
signify a thin cake long before wafers for sealing letters were invented. 

Waffel is the name given by the Germans to a thin cake made with 
flour, eggs, sugar, &c.; the Dutch call such a cake wafel, and the Danes 
vaffel. The French call it gaufre. The French name for a wafer is 
pain & cacheter, and wafers are pains @ cacheter. The Anglo-Saxons 
also had the name waffel. 

To make common wafers, a liquid paste is made with flour and cold 
water, very smooth ; and colouring matter is then mixed with it. The 
baking is done with an instrument similar to that which is used to 
make yaufres and waffeln. It consists of two thin plates of iron; the 
upper plate closes ey the lower, which is made with a ledge, and 
thus forms a mould for the paste. Both plates having been warmed 
and to prevent adhesion, some of the liquid paste is poured 
into the lower plate, and the upper plate is then shut down, which 
forces out any superfluous paste and forms the rest into a thin and 
even layer. The instrument which is held by a handle like that of a 
frying-pan, is placed for a few moments over a fire, and the sheet of 
baked paste is then taken out and dried in the air, when it becomes 
firm and brittle, and is cut with a suitable instrument into wafers. 

Gelatine or transparent wafers are thus made. Good gelatine or 
glue is dissolved in warm water. The mixture, while still warm, is 
poured on a warm and slightly oiled glass plate, having a bordering 
formed of slips of cardboard; another warm plate is laid on it, and 
pressed. When cold, the gelatine is removed ina very thin, semi- 
transparent sheet, and is cut into small pieces of the a ad shape by 
means of a punch. Sometimes a little sugar is added to the gelatine. 

Medallion wafers have a device in cameo or relief, The device is 
first engraved in intaglio on a metal plate. A paste is then made of 
any convenient powder mixed with gum-water or size; a background 
is formed of melted coloured gelatine; and the two are so applied to 
the engraving as to lead to the production of a sheet of medallion 
wafers, which are separated by cutting or punching. 

WAGER. In a wager or bet, two tyes stake money against each 
other on the happening or failure of a certain event: A is to pay a 
certain sum to B if the event happen one way; and B is to pay a 
certain sum to A if the event happen the other way. Thus, if John 
bet Thomas three to one (in pounds) that he will win the game, and it 
turn out that he does win the game, he (John) is to receive one pound 
from Thomas; but if John. should not win the game, Thomas is to 
receive three pounds from John. 

The principle of a wager exists in a great multitude of transactions 
which do not bear the name : in fact, every commercial affair in which 
money is risked upon a possibility of pope | more than legal interest 
in consideration of that risk, isa wager. Thus, if John lend Thomas 
1001. to in an adventure, knowing that he can receive nothing 
if it fail, and in consideration of 1501. if it succeed, it is a wager of the 
following kind. If the ogee Bed out a year, and John could safely 
make five per cent. of it, he risks 105/. in case of loss, and is to receive 
451. in that of gain; so that in fact it is as if John bet Thomas 105 to 
45, that the tion would succeed. For if we were to suppose 
that John | Thomas 1001. for a year at five per cent., on 
security, and makes the above wager besides, they will be found to be 
in exactly the position originally described. 

A fire insurance is a simple wager between the office and the party ; 
and a life assurance is a collection of wagers. There is somet! of 
the principle of a wager in every transaction in which the results of a 
future event are to gain or loss. And in every game of chance, 
we have a or a collection of wagers, whenever money is staked. 

Much has written and said upon the morality of , in 
which the word is understood in its common acceptation, namely, that 
there is nothing but a stake of money, made in a manner which has no 
reference to commiercial advantage, and no tendency to promote the 
physical well-being of the community. It is however exceedingly 
difficult to draw the line between the pure wager, which is nothing 
else, and the commercial wager. The loan of John to Thomas, abovo 


described, may be a useful transaction : it may give the country a new 
mine or a Rove flout don But it does not follow a the wager, or 
a case which is useful. It 


player and a hazard-p 4 
same class, Now it is true that the occupations of all but the second 
are generally connected with much that is objectionable, and 
though not ee Regn to their mode of life, are so = , 
consequent upon it, that the strength of the tendency is 
which writers upon morals give the pursuit 
characters are to 


description of both. But horse-racing has at least improved the breed 
of horses; and, as business is now transacted, it is due to the stock- 
jobber that funded property can be turned into money, or vice versd, at 
any moment of the year. We do not mean to say that the money 
which changes hands on the course might not be much more effectively 
employed in the improvement of horses, or that it t not be 
ticable to effect modes of rapidly realising or investing with 
concomitant of gambling. we wish to illustrate is the fact, that 
innumerable classes of w: are mixed up with the transactions 
society, from those which are essential to its existence, through 
which are of mixed harm and good, up to those which are but dubious 
in their very best cases, ‘is portional $6 ee 

A wager is fairly laid when the odds are’ pro to steed 
bilities of the event happening or failing. vhs if it be four to one — 
against the happening of an event, the better who bets that it will not 
happen should offer four to one. In the long run such an event will 

il four times where it happens once, and the better will receive a 
pound four times for every occasion on which he pays four pounds 
once. But suppose a person should continually offer only three to one 
upon a contingency on which it is four to one he wins, In the 
run he will, upon every five bets, receive one pound four times, 
pay three pounds once : he will therefore win one pound on every five 

ts. Algebraically thus :—let the odds for his winning be 
while these which he offers are m to n; in a+b trials, one 
another, he will win n pounds a times, or £na, while he will 
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if na be less than mb, it is undul him. 
There are many cases in which doubt may arise as to whether a 
is fair, and also as to how it is to be in WwW 
to the latter it is or ought to be clear, that if both parti: 
the wager in one sense, that one sense is the fair interpretation: 


ing across a bridge; and it is 
also clear that the better knew fia. whe taken in that sense, 
adherence to the literal meaning of a wager is, of course, 
all cases of doubtful meaning, but there is no language 
literal ee Se ee up of those of the words 
put together. 

A wager is not fair unless the point in doubt be clearly the same to 
both parties, and unless there be no concealed knowledge in the 
session of either. The latter is included in the former, as an instance 
will show. John bets Thomas that the ship Hope is arrived in dock 
from Jamaica before the time at which the bet is laid; his manner 
implies that he has formed the conclusion from his knowledge of the 
time at which the Hope was to sail, of the properties of the vessel, of 
the prevailing weather, &.: if his manner tell truth, the wager is fair 
Or his manner implies that he may be in possession of in- 
formation, that he may have seen the captain, &c.; it says, “ Mind, I 
do not tell you what my reasons are, all I tell you is the fact: ” still 
the wager is fair. If Thomas dispute, he knows in either case what he 
disputes, be it the question of the Hope’s rate of , or the - 
neas of John's inference from his particular knowledge. But if John, 
actually knowing of the Hope's arrival, should lead Thomas into a 
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ship having arrived, when he knows 
wager is unfair. In all matters of 
i offer of the wager is an assertion of skill, and 
acceptance of the wager is the denial of this assertion : this is 
that there is no occasion for the party who offers the 
any declaration of skill, other than is implied in the 
case, and that a common one, in which the immorality 
of the wager is not easy to expose, though it is, we think, sufficiently 
certain ; it is where a person, by ing different to different 
people, secures himself a certainty of gain, let the event i 
will. ings must happen, A, B, C; a person 
to 4 against A, 5 to 4 against B, 6 to 4 against C, with three 
different persons; he must win 8, for two of his opponents must lose ; 
more than 6, for one only can win; he is therefore, on 
vourable supposition, a gainer of 2, As against each of 
may be fair: these may not be known to each 
consider that he has the best of the wager. 
j If it be admitted that a man has a right 
takey provided the event betted on 
then injure no one, and no exception 
the proceeding. But if it be not allowed that a man 
to lay any odds, except those which, to the best of his 
and belief, represent the state of the chances, he must then 
i jy aprpesas pay Agere ag Bell 
preceding By betting 4 to 4 against A, he declares hi i 
Hist the chance of Av asival 4: similarly by betting Sto 4 wgunst 
his belief that the chance of B’s arrival is 4. Conse- 
of the chance of C’s 
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he lays 3 to 2, or 6to 4. He 
errr cen ce oo ert Seen con 


Lis knowing what he has stated to others. 

mode of fighting in which the weapon of each t should 
armour against those of the rest, we imagine it would not be con- 
sidered either brave or honest that a man should provoke the combat 


permitted, as it was said, “to make his law,” that was,“ to take an 
oath (for example) that he oweth not the debt demanded of him upon 
;" “but he ought to bring 


H in matters relating to the debts of their testator. Where 
i however, it was conclusive, and barred the party for ever. 


This of trial seems to have existed at a very early period in the 
history of nations. It was part of the law of Moses, that “If a man 
deliver unto his neighbour an ass, or an ox, or a sheep, or any beast to 


or driven away, no man seeing it; then 
een them both, that he hath not put 
ighbour s goods, and the owner of it shall 
and he shall not make it good.” (Exod., xx. 10.) The prac- 
oaths of the parties to a suit prevailed in the civil 
parties might refer the matter to the oath of 
did not accept it, or justify his refusal of it, 
him. The whole proceeding is prescribed at 
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length in ‘ Cod. Justin.” iv, 1,12. The clergy, also, in the earlier ages 
were generally admitted to this mode of defence. It was also one of 
the customs of London in the sheriffs’ court. But in this country it 
ultimately gave dissatisfaction. ‘Men's consciences,” as Lord Coke 
says, “‘ grew so large,” that the presumption of law that no man would 
forswear himself ceased to be much relied on Other forms of actions 
were brought, such as assumpsit and trover, in which the wager of law 
could not be had; and eventually, by 3 & 4 Wm, IV., c. 42, s. 83, the 
whole proceeding was abolished. 

WAGER-POLICY is a name given to a policy of insurance made b 
persons having no interest in the event about which they insure. Su 
insurances, formerly common, were found to be “ productive of many 
pernicious practices,” and therefore the statute 19 Geo. II., c. 37, was 
passed, by which it was enacted that no assurances should be made on 
any ship belonging to his Majesty or any of his subjects, or on any 
woe, oe laden + ageing Ls pew or no interest, or without further 
proc jof interest e policy, or by way of gaming or wagering, or 
without benefit of salvage to the pein de and that at baat pest, 
ance shall be null and void to all intents and p = 

WAGES are the price paid for labour. The labour of man, being an 
object of purchase and sale, has, like other commodities, a natural or 
cost price, and a market price. Its natural price is that which suffices 
to maintain the labourer and his family, and to perpetuate the race of 
labourers, The rate of wages cannot be permanently below this natu- 
ral price, for if in any country labourers could not be maintained, they 
must cease to exist; they must be exterminated by famine, or be 
removed to some other country. If the price paid were only sufficient 
to maintain the labourer himself, without any family, he would be 
unable to marry, or his children would die of want. By these dis- 
tressing causes the supply of labour would be reduced until the com- 
petition of employers 1, flank the price of labour to its natural level. 
But although the natural price would thus appear to be that which 
only wards off starvation, there is, happily for mankind, a principle 
which tends to raise it to a much higher standard. Every man desires 
to improve his condition, to enjoy more of the comforts and luxuries 
of life than have fallen to his lot, and to raise himself in the estimation 
of others, If he has accomplished this, he acquires habits of living 
which it is painful for him to forego. He endeavours to bring up his 
children with the same views and habits as his own, and feels it a 
degradation if they fall below the standard which he has himself 
attained. The necessary consequence of this tendency to social 
improvement is to cause prud and forethought in marrying, and 
undertaking the support and settlement of a family. A labourer cannot 
well have too many wants. He should desire good food, good clothing, 
a cleanly and comfortable home, and education for his children. If 
the standard of wants could be universally raised, the natural price of 
labour would rise in proportion ; for if each labourer were determined 
not to render himself unable to gratify these wants, all could command 
the wages that would supply them. The degree in which this prin- 
er operates determines the natural rate of wages and the condition 
of the working classes. Where it has no influence, as in many parts of 
Asia, the wages are only sufficient to support life upon the commonest 
food, and to provide the most squalid clothing and habitations, In more 
civilised countries, the wants and prudence of the middle classes extend 
lower in the seale of society, and the labourers want more and enjoy 
more of the comforts and decencies of life, 

The general market-rate of wages depends upon the ratio which 
the capital applied to the employment of labour bears to the number 
of labourers. If that ratio be great, the competition of capitalists 
must raise wages ; if small, the competition of labourers amongst each 
other, for Re dae must reduce them. Whenever the accumula- 
tion of capital is proceeding more rapidly than the increase of popula- 
tion, wages will be on the increase, and the condition of the working 
classes will be continually ap op 3 until some check has been given 
to the increase of capital, or until the growth of population (which is 
naturally encouraged by high wages) has altered the relative proportion 
of capital to labourers, and reduced the market-rate of wages to the 
natural rate. While the general rate of wages is regulated by these 
causes, there are various circumstances which, by increasing or de- 
creasing competition four employment, tend to raise or depress the 
wages paid to persons in particular occupations. Some of the 
principal of these are— 

1. The agreeableness or disagreeableness of the employments, 

2. The easiness or cheapness, or the difficulty and expense, of learning 
them. 


8. Their constancy or inconstancy. 
te The small or great trust that must be reposed in those who carry 

em on. 

5. The probability or improbability of succeeding in them.” 

It is not uncommon to hear these circumstances stated as the direct 
and immediate causes of high or low wages in particular employments ; 
as if in some cases employers voluntarily gave high wages, or the 
labourer could command them merely on account of the nature of the 
employment. But the relation of supply to demand will influence 
wi in particular employments, as it does the price of labour gene- 
mai, and of other ecoumodinite j and the circumstances stated above 

obviously tend to increase or diminish the number of competitors 
for particular employments. More will naturally seek an agreeable 
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trade, easily learned, than one of a disagreeable character and difficult 
to learn. All descriptions of skilled labour bear a higher price than 


unskilled labour, The expense of acquiring the knowledge of any art 
or trade would not be incurred at all, unless the nm who had 
incurred it were better remunerated than others who have nothing to 


offer except their natural strength and intelligence, which is common 
to all men; but many cannot incur the expense of learning a trade if 
they would; others are too indolent, too careless, or too awkward ; and 
thus skilled workmen are not open to the same unlimited competition 
as other classes of labourers, and are in a condition to command higher 
wages. Wherever uncommon skill, talent, or other advantages are 
required, the number of persons actually practising and living by an 
employment must be comparatively limited. Most persons are deterred 
from attempting to learn it by the fear of failure, and many who 
attempt it do not succeed in gaining their livelihood by it. The few 
who are really successful can then command an extraordinary reward 
for the exercise of their peculiar talents or acquirements. The world 
will enjoy the advantage of them at any price, not being satisfied with 
any less degree of excellence. Even if an unusual influx of skilled 
labourers into any employment should lower the rate of wages, this 
lower rate is not likely to continue very long, as the superfluous num- 
ber would seek other employments which offered a higher reward: 
This result is facilitated by the fact, that the ordinarily high price of 
skilled labour causes a much more expensive mode of living, and thus 
raises the natural rate of wages of skilled labourers; or, in other 
words, induces them to regard as necessaries a variety of comforts 
which are beyond the reach of common workmen. 

Wages are usually calculated in money, and are called high or low 
according to the money price actually paid; but the condition of the 
labourer is obviously affected by the price of commodities as well as by 
the amount of his wages. If the necessaries of life be cheap, low 
money wages will maintain him in comfort ; if — become dearer, 
higher wages will not improve his condition, but will leave him as he 
was. Hence it becomes a most important object to inquire whether 
the price of provisions affects the rate of wages. The disputes which 
have arisen upon this question would seem to be chiefly caused by 
attempts to apply a universal law to countries and employments under 
totally different circumstances. Some contend that as wages are regu- 
lated by supply and demand, the price of provisions cannot affect them ; 
while others maintain that the average prices of labour and of food 
must always, for long periods of years, conform one with the other. 
It is evident, at the outset, that the former are speaking of the market 
rate of wages, and the latter of the natural rate; and if this distinction 
be borne in mind, the two propositions may easily be reconciled. If 
the market rate of wages be high, it is because the demand for labour 
is greater than the immediate supply. “A fall in the price of provisions 
could not then lower the rate of wages, because the supply of labour 
would still be the same; but if the fall were permanent, the condition 
of the labourer would become so easy, that population would increase, 
and the supply of labour would be more abundant. The market rate 
would thus be brought down to the natural rate, unless capital should 
be increasing in the same proportion as the supply of labour; and any 
increase in the price of food must then check the growth cases 
limit the supply of labour, and ultimately raise wages. ere is the 
same tendency in the market price of labour to conform to the natural 
price as there is in the market price of commodities to conform to 
their real value. Both labour and commodities are equally capable of 
increase and diminution, and the varying causes which encourage or 
check production adjust the proportion between the natural or cost 
price and the market price. But in some countries the market rate of 
wages may be very much above the natural rate, and in others nearly 
the same. In one country capital may be increasing more rapidly than 
population, and in another not so fast. It is clear that a rise or fall in 
the price of food cannot influence the rate of alike in all these 
countries. Where the wages are high, and capital is rapidly accumu- 
lated, any reduction in the price of food and other commodities is a 
clear gain to the labourer, and can have only a very remote, if any, 
effect in lowering wages; but where wages are already reduced to the 
natural rate, and capital is not increasing faster than population, wages 
will undoubtedly rise and fall with any permanent increase or diminution 
in the cost of subsistence. 

The question is further affected by the differences which exist in 
the natural rate of wages in various countries. Where the natural rate 
is so low as only to afford the bare means of existence, the least rise in 
the price of food must be fatal to numbers of the labouring population, 
and, by thus limiting the supply of labour, must raise its price; but 
where the natural rate is high, the labourers suffer indeed from a rise 
in the price of food, but their existence is not endangered, the supply 
of labour is not diminished, and their wages consequently do not rise. 
From these circumstances, it is evident that the precise condition of a 
country in respect to capital, population, and wages must be ascertained 
before it can be determined whether the price of food will affect the 
money rate of wages. It may, however, be generally affirmed, that in 
proportion as the market rate approaches to the natural rate, and the 
latter to the mere cost of the commonest subsistence, will the price of 
the necessaries of life affect the rate of wages. 

When the causes which regulate the price of labour are understood, 
the folly and injustice of any legislation to fix the rate of wages are 


or labourer were pun! 
¢. 11; 18 Rich, IL, c. 8; 11 Hen. VIL, c. 22; 5 Eliz, oc. 4; 1 JamesL, 
c. 6.) Unless all the causes of high or low w: already explained be 
visionary, it is plain that no law can overrule them and establish a 
rate different from that which natural causes would have : 
It may embarrass the operations of trade, and mischievously disturb 
the freedom of the labour market ; but it cannot attain its immediate 
end—a compulsory rate of wages. The experience of this fact has 
long since put an end to any such legislation in this country. 
most pernicious interference with wages ever effected by the indirect 
operation of a law resulted from the mode of administering the laws 
for the relief of the poor. Before these laws were altered in 1834, it 
was the practice in most parishes, especially in the south of England, 
to give relief from the poor-rate to labourers in proportion to the num- 
ber of their children. ‘The natural rate of wages was continually — 
undergoing depression, because, marriages being encouraged without 
reference to the sufficiency of wages to support a family, Lag oa 
was extraordinarily promoted. At the same time, the pro n 
to support it was suffering diminution, by being taxed heavily for the 
Ly ogee of comparatively unproductive labour. : . 
he only sound mode of raising wages and improving the condition 
of a people is to promote and encourage the increase of er: 
wealth of a country [WkaLTH], by every means which | ivi 
science points out as best suited to that end, and at the same time to 
remove obstructions, and give facilities to the moral and intellectual 
improvement of the working classes, By these means capital will be 
increasing with the natural growth of population ; while the labourers, — 
with better habits, will be less prone to reckless improvidence, and 
consequently not so likely to outrun the increase of capital. 

It is not unusual for persons in particular employments to desire 
higher wages, and to enter into combinations their masters in 
order to obtain them. Such combinations were formerly prohibited 
both by the common and statute law of this country; but since the 
5th Geo. IV., c. 95, if unattended with violence or intimidation, they 
are not unlawful. Unless he has bound himself by a contract, every 
man has a right to give or withhold his own labour as he pleases; but 
he has no right to preygnt others from disposing of their labour. But 
the only mode of rendering a combination effectual is to exclude fresh 
workmen, which frequently can only be done by molestation and 
threats, which are subversive of the freedom and peace of a 
Strikes, temperately conducted, cannot in principle be condemned, 
being often a necessary protection to the working classes. When 
masters are not dealing fairly with their workmen, the fear of a strike 
may often control them, ially as, when acting unjustly, they 
would find a difficulty in obtaining new hands, But where the cause 
of a strike or combination is not an occasional dispute concerning 
wages, but an attempt to limit the number of workmen by com 
regulations and bye-laws, and to dictate to their employers, it 
injurious to trade, and ultimately to the parties themselves. 
labouring classes at large such combinations cannot be 
Whenever they are successful it is by excluding many competitors, 
who are, of course, injured by the exclusion. The labour market 
must become clogged by a mass of exclusive trades, which render it 
difficult to find employment. The injury suffered by trade in conse- 
quence of the artificial limits to the supply of labour and the unnatu- 
rally high wages must also have the effect of diminishing capital, and 
consequently the means of employing labour. 4 

(Adam Smith’s Wealth of Nations ; Ricardo’s Political Economy and 
Taxation ; Malthus, Essay on Population ; Mill, J., Elements of Political 
Economy ; Mill, J. 8., Principles of Political Economy.) 

WAHHABIS or WAHABEES, is the name of the adherents of a 
Mohammedan sect in Arabia. The origin of this sect is in j 
connected with the following circumstances. When Sultan Selim 
had conquered Egypt and de; the last khalif of Cairo, Al-muta- 
wakkel in a.4. 922 (a.p. 1517), he was acknowledged as successor of 
the khalifs by Berekiat, the grand sherif of Mecca, who presented him 
with the keys of the Ka’bah, From this time the sultans of the 
Osmanlis were the protectors of the Mohammedan faith, though only 
recognised as such by the Sunnites; they were the guardians of the 
holy cities, Mecca and Medina; and they had the privilege and the 
duty of protecting the numerous caravans of hdjis, or pi s, Which 
annually travel to Mecca, A Turkish pasha resided at Jidda, and 
sometimes also at Mocha, and while the fertile provinces of Hejaz and 
Yemen in Western Arabia seemed to obey the Sultan, the pashas of 
Baghddd and Basrah made frequent attempts to establish the Turkish 
authority in the province of El-Hassa in Eastern Arabia, The Moham- 
medan religion had generally departed from its primitive purity, and 
was particularly corrupted among the Turks. The Mohammedans had 
introduced novelties into their religion, which were rather calculated — 
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and and the places of worship were adorned by the princes 
and the rich with the arts and luxuries of the East, while the 
poorer Mohammedans indulged their passion for religious buildings by 
erecting a rude tomb to some unknown saint, surmounted by a cupola 
of painted brickwork. To this we must add that the Kordin ceased 
to be the sole source of religious knowledge, and that traditions con- 
cerning Mohammed were considered by his disciples as pure and 
e Kordn itself. Although the Arabs had deviated 
rule of the Koran, there was a striking difference between 
the The Turks used opium and wine ; not satisfied 
with polygamy, they had intercourse with prostitutes; they were 
addicted to practices against nature, which are strictly prohibited by 
the Koran, and more once holy hdjis of the Turkish caravans 
had polluted the sacred cities with their scandalous conduct. The 
caravans especially, those congregations of pious men assembled for 

performing one of the most sacred duties of their 
faith, presented a revolting aspect to the — and uncorrupted 
eir leaders gave full 
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Poth sheikh was ’Abdu-l-Wahhdb (“the servant of Him who gives 
(vs) every thing”), who was born at El-Hauta, a village five or six 
south of Der'aiyeh, the capital of the province of Nejd, 

on the road this town to the district called Wadi Dowdsir, or as 
some say at ’Al-Aynah, in Nejd, or Aiyineh, which seems to be EI- 
Ayeyneh, near Der'aiyeh. ’Abdu-l-W; was born at the begin- 
ing of the 12th century of the Hijira, which 3 to the end 
of the 17th of our era. His father was the sheikh, or chief, 
of the Beni W: , a branch of the tribe of Temim, which 
occupies a i *Abdu-l-Wahhdb received his 


to 
Arabia, but the doctrines which he preached to the natives, and his 
violent attacks on Turkish 


bn Sa’fid thus laid the foundations of a powerful empire on theo- 
eratical principles, of which his descendants remained masters for 
nearly a century. 

Wien Sa’fid, the grandson of Mohammed Ibn Sa’fid, conquered 
Mecca, he ordered a kind of confession of faith to be published, the 
substance of which is as follows :— 

*Abdu-l-Wahhdab’s doctrine teaches the salvation of mankind. It is 


of religion, is threefold, 
resignation to the will of God; 2. 
Faith ; 3. Good works. The Islim contains five things: 1. The belief 

one God, and that Mohammed is his prophet ; 2. 
The five daily prayers; 3. Alms, one-fifth of the annual income; 

month of Ramazan; 5. The pi 
The Faith contains ete tee 1. The belief in God; 2. In 
his angels; 3. In his Holy Scriptures; 4. In his prophets; 5. In his 
divine and perfect qualities; 6. In the day of j ent. Good Works 
are only the consequence of the rule that we should adore God as if 
he were present to our eyes; and though we cannot see him, we must 
know that he sees us. ‘The knowledge of the prophet, which is the 
most important part of Wahhdbism, is based on very positive principles. 
Mohammed, the prophet, was a mortal like all other men, and he 
preached for all the nations of the world, and not for one only, the 
Arabs ; no religion is perfect and true in all its parts except his, and 
after him no prophet will come ; Moses and Jesus were virtuous 
men, though inferior to Mohammed, notwithstanding he was not of 
divine nature. Those who do not fulfil their religious duties are to 
be severely punished. The reformed religion shall be propagated with 
the sword, and all those who refuse to adopt it are to be exterminated. 
*Abdu-l-Wabhab not only forbade the adoration of Mohammed and of 
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saints, but he also ordered their splendid tombs to be destroyed, and 
he declared tradition to be an impure source. He made several other 
prohibitions concerning social and religious abuses, such as the habit 
of using wine, opium, and tobacco, the use of the rosary for prayers 
and he preached strongly against those unnatural practices which were 
and are still so frequent among the Turks. 

The doctrine of ’Abdu-l-Wabhhdb was no new religion: it was 
Mohammedanism reduced to a pure deism, and so little did it deviate 
from the Kordn, that even to the present day many theologians of 
Syria and Egypt do not venture to say that it is schismatic. Yet this 
reformer maintained that there had never been any man directly in- 
spired by God, and that there was no scripture or book whatsoever 
which was entitled to be called divine. Hence it follows that accord- 
ing to ’Abdu-l-Wahhdb there is no revealed religion; and if he calls 
the Mohammedan a divine religion, it is not because he believed that 
it had been transmitted directly from God to man, but merely on the 
ground of its perfection. 

The reformed Mohammedanism made rapid progress, especially 
among the nomadic Arabs, or Beduins, who had never adored 
Mohammed as a divine person, nor viewed the Kordn as a divine 
book, although they considered themselves to be as orthodox Moham- 
medans as any of the other nations which have adopted the Islém. 

The inhabitants of the towns were less inclined to adopt Wahhdbism, 
but Mohammed Ibn Sa’fid nevertheless succeeded in conquering the 
greater coh of Nejd, of which he was the temporal chief, while 
*Abdu-l-Wahhdb was the spiritual chief. The system of government 
established by these two men was strictly conformable to the political 
prescriptions of the Kordn, and very like that of the first khalifs. 
The chief authority lay in the hands of the temporal chief, but this 
authority was confined to the direction of important affairs; the 
governors of the provinces and the under-governors were kept in strict 
obedience to the orders of the prince, but their authority over the 
Arabs was not very great. The ulema of the capital, Der’aiyeh, who 
generally belonged to the clan or family of Sa’Gd, formed a council or 
ministry for religious and legislative affairs, and in time of war the 
governors used to assemble in Der’aiyeh for the purpose of concerting 
the plan of the campai Trade and agriculture were well protected. 
The revenues of the Wahhdbi empire were composed of :—1. One- 
fifth of the booty taken from heretics ; the four remaining fifths were 
for the soldiers. 2. The tribute, called “alms” in the Kordn: it was 
acertain part of the property, which varied according to the nature 
of the property: for watered by rain or rivers it was one-tenth 
of the yearly produce; for fields watered artificially, one-twentieth 
only ; merchants paid one and a half per cent of their capital. The 
Beduins, who had always been tax-free, disliked these “alms” very 
much, but they were indemnified by the frequent occasions of plunder. 
3. Revenue from the chief's or prince’s own estates, and from the 
plunder of rebellious towns. The punishment for a first rebellion was 
a general plunder, one-fifth of which belonged to the fiscus ; in case 
of a second rebellion, all the grounds belonging to the town were 
confiscated, and became the property of the reigning chief ; and as such 
rebellions were very frequent, the chief acquired immense estates, 
The greater part of them were afterwards confiscated by Mehemet Ali, 
the pasha of Egypt. Except a few hundred men who formed the 
_— life-guard at Der’aiyeh, the Wabhdbis had no standing army, 

ut assembled when the prince designed some expedition. Two or 
three great expeditions were made every year. 

The name of the Wahhdbis soon became known in the Turkish pro. 
vinces adjacent to Arabia. The Turkish government was not aware 
that this sect had as much warlike and religious energy as the Arabs 
under the first khalifs, and employed little activity in their efforts to 
coerce them. The Wahhdbis were successful in their resistance. They 

ined several battles, and even possessed themselves of Mecca, At 
fength their subjugation was entrusted to Mehemet ’Ali. [Mrenemer 
*Atr, in Bro. Drv.} He commenced his preparations in 1809, but 
active hostilities only began in 1811, and continued for several years, 
By 1818, however, their power was completely broken, and ’Abdullah, 
the successor of Sa’fAd, was captured, sent to Constantinople, and there 
beheaded. The sect, however, though subdued, was not exterminated, 
They have more than once risen again in arms, but have been repressed ; 
but still their tenets are understood to have numerous adherents 
throughout Arabia. 

(Burckhardt, Notes on the Bedouins and Wéhabys ; Mengin, Histoire 
sommaire del Egypte sous le Gouvernement de Mohammed Aly ; Corancez, 
Histoire des Wahabis.) 

WAHLENBERGIA, a genus of plants belonging to the natural order 
Campanulacee, of which the botanical are given in the 
Nat. Hist. Div. To this genus belongs the Wall ptt of Great 
Britain ; and some of the numerous foreign species are cultivated on 
account of their blue and red flowers. For this purpose the seeds 
of those which are annual should be sown on the hot bed, and when 
the plants are of sufficient size they may be placed out in the open 

er in @ warm romag rit situation in the month of pe a re 
perennial ies ma; wn in pots in a mixture of peat and loam, 
and should be kept rather moist. They are easily increased by 
division. \ 

WAIF. If the goods of any person were stolen, and the felon, 
thinking that pursuit was made after him, fled, and during his flight 

¥Y 


691 WAIN, CHARLES'S, 


WALES, PRINCE OF. 


waived or abandoned the goods, they became waif, and were forfeited 
to the crown, or to the lord of the manor, if he were entitled to waif. 
No goods could become waif which were not in possession of the felon 
at the time of his flight. Therefore, if he concealed the goods, or 

them in a house, or, for instance, left a horse at an inn in 
pledge for his meat, and afterwards fled, the goods did not become 


It was necessary, in order to complete the title of the crown or lord 
of the manor to waif, that it should be taken of 
one on his behalf; otherwise the original owner was not 
recovering his goods at any period of time, and if he seized them first, 
they remained his property. The forfeiture of goods waived was 
instituted for the purpose of stimulating the person robbed to 
fresh pursuit after the felon, and so, if possible, catch him wi 
goods upon him. And in further encouragement of such purs' 
was part of the law, that if the owner succeeded, within a year 
day, in attainting the thief, he was entitled again to recover his 
from the crown or the lord of the manor, even though they had been 
reduced into possession. The restriction of the character of waif to 
goods waived during the flight was because goods which had been con- 
cealed by the felon would afford no track of his course, and might: 
very possibly escape the search of the owner, even though he did 
make fresh pursuit. It is said also that the goods of foreign 
merchants could not become the subject of waif, because a foreigner, 
ignorant of our language and usages, could not be expected to act with 
the same despatch and effect as a native. Lord Coke distinguishes 
between waif which was stolen property, and the goods which were 
the property of a person who fled for a felony. These latter were 
always forfeited on proof and finding by a jury of that fact, even 
though the party were acquitted of the felony. Part of the inquiry, 
therefore, on the trial of a prisoner for felony, was whether or not he 
fled for it. If the jury found that he did, his goods were forfeited, 
whatever might be the verdict as to his guilt. This was either because 
of the presumption which his flight raised, that he really had com- 
mitted the offence, though it could not be legally proved against 
him; or, according to Mr. Justice Foster, because his flight 
tended to stop or embarrass the course of justice against the real 
offender. If he was killed during his flight, the coroner’s jury 
inquired as to his flight as well as respecting the cause of his death. 
By 7 & 8 Geo. IV., o. 29, 8, 57, the court ‘ore whom a prisoner is 
convicted has power in all cases, without restriction as to time, to 
order restitution of stolen property to the owner, except as to negoti- 
able instruments in the hands of parties who, without notice, have 
given value for them: and by 7 & 8 Geo. IV., c. 28, 8, 5, the jury are 
no longer to be charged to inquire whether a prisoner fled for treason 
or felony. The consequence is that no forfeiture can now be incurred 
by such flight. 

(5 Co. 109 ; Com. Dig. tit. ‘ Waife.’) 

WAIN, CHARLES’S. [Ursa Masor.] 

WAITS is a name now applied only to those itinerant musicians 
who, in most of the large towns of England, especially London, go 
round the principal streets at night for some time before Christmas, 
play two or three tunes, call the hour, then remove to a suitable dis- 
tance, where they go through the same ceremony, and so on till four or 
five o'clock in the morning. 

The word, which was formerly spelled wayghte or waighte, is com- 
mon to all the Teutonic languages (German, wacht ; Dutch, wagt ; 
Danish, vaght ; Swedish, wakt ;) and the root is the same as the Anglo- 
Saxon weecan, to wake, and wacian (pronounced wakian), to watch, and 
the English wake and watch. 

The wayghte, or wayte, was originally a minstrel watchman, and the 
kings of England, as well as the mayors of large corporate cities and 
towns, seem to have employed them in preference to common watch- 
men. By a document in Rymer's ‘ Foedera,’ vol. ix., ‘ De Minstriellis 

ropter Solatium Regis providendis," it appears that in the reign of 
ward IV., ‘a wayte that nightelye from Mychelmas to Shreve 
Thoraday pipethe the watche within this courte fower tymes, in the 
somere nyghtes three times, and make the bon gayte at every chambere 
doare, and office, as well as for feare of pyckeres and pillers; he eateth 
in the halle with the mynstrielles;” it then goes on to state his allow- 
ance of bread, ale, coals, and so forth, for each night. 

The waits seem to have been always distinct from the common 
watch, which was called the marching watch, and never, we believe, 
the waits. At a later period, the term waits seems to have been 
restricted to the band of minstrela kept by the city of London and 
other large cities and towns. We read of the City waits frequently, 
from their attendance on the City pageants, and of the waits of South, 
wark and other places, In ‘The Tatler, No. 222, a writer from 
Nottingham complains that the young men of fashion there ‘‘make 
love with the town music,” and that “the waite often help him 
through his courtship.” The waits, or ca ta town-musicians, 
have for many years, we believe, ceased to exist in every corporate city 
and town in Ragland, though there are yet town-bands, who, at least 
in some cases, are stipendiary musicians. 

(Brand’s Popular Antiquities, by Ellis; Strutt's Sports and Pastimes, 

Hone.) 

WAIWODE. [Wayrwonpr.] 

WAKES, holiday festivals which are kept once a year in some of 
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the rural districts of England. They are the remains of certain 
religious wakes, wakings, or vigils, followed by a festival, which were 
~n tres ypalelyerdiem gs A oye Previous to the Reformation 
England, ev urch, Ww was consecrated, 
some particular saint 


early popes and 
introduction of jani into England, in the 
festivals to which the 
In the Saxon times the church method of reckoning 
from sunset to sunset, so that the Sunday and festival and fast 
began about six o'clock on the evening 
the eve was in fact the commencement of 


in 
waccah, wakes, and the ni 0 eee 
Saxon a@fyn, or aven), which e: why Christmas-eve and 
eves of sacred days precede the bs itecld. On 
floor of the church was strewed wit and ing herbs 
(Rusu-bearro), the altar and pulpit were adorned with green 
and flowers, and tents were erected in the churchyard, which 
supplied with provisions and ale, The eve was dedicated to devotion ; 
the following day to festivity. These festivals gradually deviated 
parishes from the original purposes for which they were instituted, 

The inhabitants of neighbouring parishes attended each other's 
festivals, and others came from a ce, especially if the saint was of 
high reputation; hawkers and pedlars frequented them with 
wares, and the religious wakes were converted into fairs and scenes 
dissolute indulgence, The wakes continued to be kept in this way till 
1536, when Henry VIIL, by an act of convocation, ordered the festival 
of the saint’s day to be abolished, and that of the dedication of the 
church to be kept on the first Sunday in October in all the 7 
But the saint’s day was the favourite festival of the ; 
gradually ceased to attend the festival of the dedication, and it has long 
been entirely discontinued, while the saint’s day festival still subsists 
in the altered form of a country wake, 

(Strutt’s Sports and Pastimes, by Hone; Brand's Popular Antiquities, 


Ellis.) 
WALES, PRINCE OF, is the title usually borne 
or heir apparent, of the British king or queen, 


to satisfy the national feelings of the Welsh people, promised to give 
fears aetald without blemish on his honour, a Walshman by veh, 
and one who could not speak a word of English. In order to fulfil hia 
promise literally, he had sent his queen, Eleanor,| to be confined 
at Carnarvon Castle, and he invested with the principality her son, 
Edward of Carnarvon, then an infant, and caused the barons and great 
men to do him homage, Edward was not at that time the king's 
eldest son, but on the death of his brother Alphonso he became heir 
apparent, and from that time the title of Prince of Wales has ever been 
borne by the eldest son of the king. The title, however, is not in- 
herited, but is conferred by special creation and investiture; and has 
not always been given immediately after the birth of the heir apparent, 
Edward LI, did not create his son Prince of Wales till he was ten years 
old, and Edward the Black Prince was not created until he was about 
thirteen. 

The eldest son of the king is by inheritance Duke of Cornwall. 
Edward the Black Prince was first created duke of Cornwall on the 
death of John of Eltham, his uncle, who was the last earl of Cornwall ; 
and by the under which the title was then conferred, in the 
11th Edward LIL, the dukedom is inherited by the eldest living son 
and heir apparent. If the duke succeed to the crown, the duchy vests 
in his eldest son and heir apparent ;. but if there be no eldest son the 
dukedom remains with the king, the heir presumptive in no 
case entitled ta it, The Black Prince was also created by father 
earl of Chester and Flint. By the statute 21 Richard II., ¢, 9, the 
earldom of Chester was erected into a principality, and it was at the 
same time enacted that it should be given only to king's eldest son. 
Although that statute, with all the others in that parliament, was 
repealed by the 1st Henry IV., c. 3, the earldom has ever since been 
given together with the principality of Wales. 

The antiquity of the title of Prince of Wales and its regular succes- 
sion are, as it were, a confirmation of the parent's present right and of 
the prince's own nearness in succession to the crown, Thus on the 
death of Edward the Black Prince, Edward ILI. immediately made his 
grandson Prince of Wales. Richard III., as soon as he came to the 
throne, created his son Prince of Wales, in order to strengthen his 
usurpation, Henry VIL, again, on the death of his son Arthur, 
created his next son, Henry, Prince of Wales, Henry VIIL, having no 
son, created his daughter Mary, Princess of Wales; and after her 
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illegitimation, his next daughter, Elizabeth, Each of them in suc- 
cession had only been heiress presumptive, yet they bore the title, 
2 wn, - 


, are “Prince of Wales and Earl of 

of Cornwall and Rothsay, Earl of Carrick, Baron of 
Isles, Great Ste of Scotland,” 

's Titles of Honour, part ii, e, 5; Connack’s Account of the 

‘ales, 8yo, 1751.) 


b ing upwards, is made to act as the motive 
Peder 4 it is applied. It is frequently wee quarrying 

districts, where labour is ay but in 

that the wheel-eranes can be adyan- 


Pa Meee ear ae ite Eek senpboysiens °F Son dona weigh) of burean 
i okey my seg a wever, much used in engineeri 
day in the quarries around Paris; but the tendency 


The walking-wheel used by Peyronnet at the bridge of Orleans is a 

engines. It consi of an upright 
by a strong framework of timber, bearing, 
head, an inclined beam, projecting on one 


ts upon either side of 
balanced one another 


su 
ivot 


made his wheels Sent 1 


near Paris 

diameter. Generally speaking the men 

mee) ip cemry they tread upon, 

upon © 

means which the regulated and 

prevented from making false steps. If the load at 
arm should at any time, for instance, exceed the hy of the 

counterbalancing machinery, there would be a danger o' 

powering the men and of causing the wheel to run backwards; 


by, rounds placed 
case it is essential 


i 


weight ay oper 


Animal er is occasionally applied to. walking-wheels by making 
Sine sad even an waar in them ; but all these animals 
so much greater power when pulling agai 
horizontal direction, that they are more comm and more advan- 
pee os ed in horizontal mills than in vertical i 
wi The old-fashioned turnspit wheels formerly in use in mediwyal 
kitchens afford familiar illustrations of this class of machinery, 
The tread-wheels used for the punishment of offenders are, in fact, 
walking-wheels ; but in them the wheels are designedly so balanced 
the mere weight of the ga placed upon the boards causes 
the wheels to revolve, and thus to bring in succession the various 
under the feet of the men, who are compelled to tread upon 
of these boards, unless they 2 goal receiving very heavy and 
painful blows. No use is made of the power thus exerted, and it 
one of the most painful considerations connected with this 
_ punishment, that the men feel and know that they are 


vain. 
(P. Nouvel Architecture Hydraulique ; Borgnis, Traité complet 


de Mécani 

WALNUT, ECONOMICAL USES OF, The walnut tree, though not 
so valuable as many other trees growing in this country, subserves a 
great number of useful purposes, The anes gy Se timber trees do not 
fruit palatable to man; the majority of fruit trees do not yield 

imber of any considerable size; but the walnut yields both, 
‘Walnut-wood is white in young trees; but in the older varieties, the 
wood is solid, compact, veined, and of a brownish colour, slightly 
shaded with and black, It was the wood most highly 
valued for the best kinds of furniture before the introduction of 
mahogany; Lar Ya 1 patrg cram foe iagein nogin a gn 
thus uced, iting great beauty of grain, polish, TDs 
at eae is found very useful fe ress screws, He 
clogs, musical instruments, gun-stocks, turnery ware, coach-making, 
wheel-making, It is preferred to all other kinds of wood for the 
stocks of muskets and rifles; in 1806 no less than 12,000 walnut trees 
were required for musket-stocks for the British army; this led to a 


a in a 
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great rise in price, which in its turn Jed to a great increase in the 
planting of ut trees in England, 

Of the use of the fruit of the walnut as food, little need be said 
here. In some countries the nuts are regarded as a food, in others as 
aluxury, In a young and green state the whole fruit is pickled, the 
pul hock as well as the undeveloped nut or kernel. Besides the 
pickling, the French adopt a mode of preserving the green fruit ; 
they also make a dish from the very young kernels, and a 
conserve brélée of kernels in a dried state. Large quantities of walnut 
oil are obtained from the fruit, The fruit is gathered, the husk re- 
moved, and the kernels are kept dry throughout the winter, The 
muci has by that time been converted into oil, The nuts are 
cracked with a smal] mallet; the fragments of hard shell are earefully 
remoyed, and the soft kernels are crushed under a millstone into a 
kind of oily paste, This paste is put into strong linen bags and pressed ; 
the best walnut oil is obtained from it. The residue is taken from the 
bags, moistened with warm water, heated in a copper, replaced in the 
bags and eee a second time; oil of an inferior quality is thus 
obtained, Walnut oil, largely made in France and Italy, is used as a 
substitute for olive oil at the table, for almond oil in medicine, and 
for whale oil in lamps, Artists employ it in the preparation of white 
and delicate colours, on account of its limpidity and quick drying. It 
is used in France as an ingredient in copper-plate printing ink; and 
some authorities state that the backs of prints for which this kind of 
ink has been employed do not turn Fogle! so quickly as under the 
influence of the ordinary lish ink. The mare, or oil-cake, remaini: 
from the oil-pressure, is in some country districts as a materi 
for ,and in more as a fattening diet for sheep, swine, and 
poultry, The husks of the unripe fruit readily yield a dark dye~a 
fact rendered evident by the state of the hands of walnut pees 
Sometimes the flooring bg rooms is dyed to a dark colour, by boilin, 
walnut husks to a paste, strewing this paste in a layer on the floor, an 
allowing it so to remain till dry, 

The walnut tree in spring will yield, by incision of the trunk, a sap, 
which in some parts of Asia is evaporated into a cheap substitute for 
sugar; and a kind of wine may also be distilled from it, A liquor, 
obtained by bolling the roots of the tree before the rising of the sap, is 
used as a brown dye for the face by ies and theatrical performers. 
The leaves, and the bark of the young shoots, may in like manner. be 
made to yield a brown dye, 

idered in reference to fuel, walnut-wood ranks almost on a level 
with sycamore ; it burns with a violet flame. It does not take a high 
rank as a material for charcoal. Potash may be obtained by burning 
the leaves,. Nearly all parts of the tree—the fruit, the bark, the root, 
the wood, the sap—haye been brought into requisition for medici 


ALT 
the ALTZ ( from Walzen, Germ. to roll), 4 gay dance, in triple time, 


and executed by. two , Who almost embracing, rapidly turn 
round on an axis of their own, while moying quickly in a circle whose 
radius is from ten to twelve feet, according to the dimensions of the 


room. 

WAPENTAKE (from the Saxon waepen, arms, and fac, touch, or 
betach, yield) is a term which prevails in Yorkshire, and indicates a 
territorial division like the se of other counties, [Suirg,] The 
word is derived from the habit which our Saxon ancestors had of 
attending with their weapons the meetings of their tribes, whether 
convened for the administration of justice or to decide on peace or war, 
This circumstance, inseparable from the assembly, gave a name to the 
meeting and to the district whose inhabitants were convened. Various 
explanations, all however connected with this habit, are given to the 
last syllable, fe bag it is supposed to mean the touch or rustling of 
their arms, by which the assembly was wont to signify its opinion of 
the matters submitted to it; by others the acceptance by the lord of 
his tenants’ arms in token of their submission to him, These are the 
two solutions quoted by Spelman. Others, however, say that the word 
denotes the custom which the vassals had of touching the spear of the 
lord as a mark of homage; and this seems to be the explanation 
most usually adopted. (Spelman, Wapentuchium et Wepengetachium ; 


Cowell.) 

WAR, SCIENCE OF, The science of war has been divided by 
pear d writers into 5 and Tactics, and sometimes into Grand 
and Elementary Tactics, Under Srrarecy and Tactics we have 
defined what are the limits of those divisions, and given the general 
principles which govern strategic speniiens 3 as also some of the prin- 
cipal definitions, such as Base of Operations, Lines of Operations, 
Interior Lines, &c, It is, therefore, unnecessary to recur to these 
further than to recapitulate the main principles which are or should 
be the basis of all military operations, and which, though often neg- 
lected when stated, appear self-evident truisms, These general prin- 
ciples are; to bring the mass of the forces successively into collision 
with portions of the enemy; to operate as much as possible on his 
communications without exposing your own; and, thirdly, with a view 
of being superior at the point of collision, to act on iméerior lines, 
{Srrarecy.] These principles must be borne in mind in making all 
military combinations, whether for a campaign or on the day of battle; 
and such combinations will be more or less good as these principles 
are more or less carried out, 

In Europe, an army while in the field can draw much of its support 
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from the country in which it is acting, and therefore it does not 
wholly depend upon its magazines for its means of subsistence; yet 
even in this part of the world the supplies of provision and forage 
which can be obtained in an enemy's country are often precarious, and 
an army without regular commun ication with its depdts is in di of 
being reduced to the necessity of surrendering in order to avoid being 
starved. Such a disaster is still more likely to overtake an army in 
the East, if unprovided with the means of support in itself, since there 
the military force of the enemy consists largely in swarms of light 
cavalry, who, avoiding regular engagements, hang continually upon the 
flanks and rear of the army, both preventing supplies from arriving and 
cutting off all parties who may be beyond the protection of the main 
body. In fact, an army is in all cases dependent on its communi- 
cations with its depéts and base of operations for receiving its supplies, 
not only of provisions, but also of ammunition and reinforcements, and 
also in getting rid of its sick and wounded. And, further, such is the 
moral or psychical effect on an armyof its communications being inter- 
rupted, that it has always been held by the greatest generals, not only 
of our own time, but of antiquity, that such an event is the sure pre- 
lude to disorganization and defeat. Now a base of operations may be 
asingle fortress or sea-port town; but, as a general rule, it is a long 
strip of country, and in this latter case a slight consideration of its 
object and of the general principles which should guide all military 
combinations indicate what is the best form for a base of operations, 
namely, that it should form two'sides of an angle approaching more or 
less to a right angle, so situated with respect to the theatre of war that 
one side is parallel and the other perpendicular to the enemy’s base of 


operations. For it is evident that, supposing the enemy to have |’ 


advanced into the theatre of war, a great power of acting on his com- 
munications is afforded by employing the end of the most advanced 
portion of the rectangular base for entering the theatre of war ; for it 
places the army on the enemy’s communications in his rear without 
at the same time exposing its own. It is not necessary that the base 
should be right-angled to give this advantage; for, in fact, a base of 
any other form is good when, by projecting into the theatre of war, it 
gives the power more or less of acting from an advanced point on the 
communications of the enemy. Napoleon’s theatre of war at the com- 
mencement of the Austerlitz campaign was bounded on the north by 
the Mayn and northern boundary of the Austrian dominions, on the 
west by the Rhine and western boundary of Piedmont, on the south 
by the Gulf of Genoa, Romama, and the Adriatic and Illyria. The 
base formed by the Rhine and the Mayn, supposing the country north 
of the Mayn to be in possession of the French, is a base of the best 
kind. The Rhine is parallel and the Mayn at right angles to the 
Austrian base. Supposing, then, an Austrian army to advance into 
the theatre of war west of Bamberg, the French, advancing from Bam- 
berg and Bareith, would cut off their communications, that is, their 
supplies of all descriptions, and in case of defeat, which is therefore 
pois, their lines of retreat, and, driving them into the angle 

ween the Mayn and Rhine, utterly destroy them, while at the same 
time the communications of the French would be secure, and they 
could receive supplies and reinforcements, and, if defeated,—which, 
with these advantages in their favour, would not be probable,—they 
might with ease retreat into some fortified portion of their base of 
operations. 

Again, the campaign of Moreau, in 1800, is a good example of a base 
of this kind, the base being formed by the High Rhine and the Lake of 
Constance and the line of the Lower Rhine, the French being in 

ion of Switzerland. Napoleon wished Moreau to pass the Rhine 
at Schauffhausen with his whole army, and thus to cut Kray off. As 
he had a téte-de-pont at Bale, however, he was content with making 
certain of a lesser success, and, ordering Lecourbe to pass at Schautf- 
hausen, he himself, with half the army, crossed at Bale, effected a 
junction at Enghen, and occupied Stockhack, which was a ve 
important point on the Austrian line of retreat. Kray, finding himse' 
cut off in the angle of the high and low Rhine, with 60,000 men, 
endeavoured to retreat, but was met by Moreau and defeated at 
Enghen. 

If we consider Spain roughly as a rectangle, three of the sides of 
which are formed by the sea and in ion of the English, whilst 
the fourth is in possession of the French, it will be seen what immense 
advantage the maritime base of Torres Vedras, at the extremity of one 
of the sides, conferred. 

Lines of operations, as has been before stated, should at all times be 
interior (Stratecy], so that the portions of an army moving on them 
inay at any time be massed in superior numbers to the enemy at any 
point where a collision may occur; but at the same time a single road 
or strategic line, or indeed a single line of operations, may often be 
unfavourable, as it does not give so great security against the enter- 
prises of the enemy, and in the presence of the enemy is extremely bad, 
as it necessitates the column being of great length on the line of march, 
rendering it unwieldy and liable to be overwhelmed by an attack in 
front, or cut in half at the same time, Lines at a distance from one 
another are objectionable, in so far as they may become exterior, and 
the troops on them be attacked in detail and overwhelmed before they 
ean support each other, When it is said that a commander should 
always endeavour to operate on interior, and make the enemy operate 
on exterior, lines of operations, it must be understood that mere dis- 


their advance may become so far separated as to be in danger of being 
cut off in detail. 

Diverging or excentric lines of retreat are eminently wrong. As 
an instance may be given Wurmser’s retreat before Bonaparte. Bona- 
parte having directed his whole force on one division, overthrew 
it at Trent; then getting in rear, and on the communications of the 
other division, destroyed it at Bassano and Mantua; he, Bonaparte 
himself, having by a concentric retreat just previously been enabled to 
beat Wurmser, 

The retreat of the Russian armies in 1812, under Barclay de Tolli 
and Prince Bagration, before Napoleon, is an example of the grea 
advantages of concentric retreats. Though Napoleon made repeated 
attempts to intercept them, he was unable to prevent their retiring on, 
and joining at, Smolensko, whence they retired on Moscow; and 
though they were beaten at Moskwa, the battle was not very decisive ; 
and their armies, by keeping together, were enabled to menace Napo- 
leon’s communications. This, according to Jomini, was the commence- 
ment 6f Napoleon's disasters. 

Concentric lines of retreat require care in using them, that the divi- 
sions joining do not get intermingled, which may lead to inextricable 
confusion and di r, as was the case with the Prussians after Jena, 
by which they suffered a severe augmentation of their disasters, 
Lastly, when an army employs converging or concentric lines of opera- 
tions, it is necessary to organise the marches so that the divisions may 
arrive at their place of assemblement before the enemy can reach it, so 
as to intercept and defeat the divisions separately. 

In the campaign of 1809, the British and Spanish armies were com- 
pelled to act on what are called double excentric lines of 0; ions ; 
for Lord Wellington was on the line of the ‘T'agus, having Lisbon for a 
base, while Venegas with a Spanish army was employed in La Mancha; 
and there were besides the forces in Gallicia and Leon. The armies, 
being thus separated from each other, were quite unable to co-operate 
for one object, even had the Spanish generals and armies been capable 
of executing any combined operations. 

Having thus far slightly considered the main principles of strategy, 
which space only permits us to touch on, we must for a further eluci- 
dation of them refer our readers to the various works, such as Jomini’s, 
on this subject; and we cannot recommend a better work than the 
‘Elementary Treatise on Strategy,’ by Edward Yates, B.A., as an intro- 
duction to the works mentioned at the end of the article, and to general 
military history, by the close study of which alone can a clear know- 
ledge of the principles of war be obtained in the cabinet, the full 
knowledge and power of applying which must be obtained by expe- 
rience in the field. Yates's ‘ Elementary Treatise on Tactics’ cannot | 
be too strongly recommended as an introductory work to the study of 
the other branch of the science of war. 

The manner of reconnoitring ground and performing the details of 
military mancuvres, has been described under Reconnarsancr, and 
Evo.vtions, Mitrtary. We will now proceed to a consideration of 
military positions and the principles of tactics with relation to the 


697 WAR, SCIENCE OF. 


WAR, SCIENCE OF. 


688 


re of armies, and the general movements on a field of battle and 


™ Military itions are the sites occupied by armies either for the 
purpose of covering and defending certain tracts of country, or pre- 
paratory to the commencement of offensive operations against an 
enemy. 


A position is considered as advantageously chosen when it is on 
ground ; when it is not commanded by eminences within the 
artillery ; and when, from the existence of natural obstacles, 
veo Ay on the wings, it is incapable of being turned, that 

ry cannot, without making an extensive movement, get to 
of the army by which the position is occupied. In the event 

of such points of support being wanting, the position, whether it be a 
i should have its flanks protected by villages, or 


of 
as rivers 


points 
own fire, 
ments of at th 
position, may be retarded till reinforcements 
up to oppose him. : ; 
The tages possessed by an army on ground consist 
in th cadens | able to see the mancuvres of the enemy while their 
own are ; the fire, also, being directed downwards, is more 
effective than that of the enemy, which is made upwards from a lower 
level. The existence of woods or hollow ways in front of a position is 
considered as an unfavourable bag on ee _ an kee a 
there place divisions or parties for the purpose of attacking the line by 
‘istpies but, on the other hand, a wood in the rear, if it should not 
be such as to create an impediment to the passage of the troops 
hades it, might become advantageous in the event of a retreat, as it 
afford a temporary cover for the retiring columns. A village or 
single building on the ground occupied = cals teers Seatgery 
of the position ; and, as frequently on the preservation of this 
the possession of the field of battle, such point should 
troops and artillery. At the battle of Corunna, in 
ina was twice contested by the opposing armies ; 


about which the action raged with the 


greatest 
int of ground, particularly if near the lines of operation (the roads 
Trading 82 the magazines), may also constitute the key, and it is usually 


even a 
the 


int 


in the disposition of the latter, the key might still be retained, 
if the wings are separated from each other, it might prevent either 
from being cut off by the enemy; whereas, if situated at one 
xtremity, it might, on a wheel of the army taking place, become so 
as to be incapable of being sup : 

elevated ground which constitutes the position should be able 
to contain all the troops who are to occupy it; but it should not much 
exceed the extent necessary for this , lest, not being able to 
defend the whole, the army should leprived of the advantages 
arising from a ity of command, in consequence of the enemy 
gaining some part of the height. 

However favourable a position may be with to the elevation 


of mesh “een that circumstance will be of small value if the troops 

cannot be conveniently placed on it. It is indispensable 

afford ample room for the manceuvres of that species 

in which the strength of the army chiefly lies; and at the 

it may be observed that, in making choice of a position, the 

front should be as much as possible disadvantageous in that 

enemy. The Spanish , Cuesta, is blamed for 
previously to the 

a situation 


for the 

should always be placed 
most effect ; wad! whos tis gfotnel eoociled by 
nately salient 
teries should 


Infantry may occupy any kind 
e. Itis 


sort of curtain. , 

In the choice of positions for offensive operations, such should be 
taken as have no rivers or broken ground in front since these would 
impede the contemplated movements towards the enemy: small 


inequalities, behind which infantry or cavalry may be concealed, are, 
however, advantageous, as they afford the means of occasionally making 
attacks by ise. On the other hand, when an army is on the 
defensive, the front as well as the wings should be protected by every 
obstacle to the progress of the enemy which nature may present or art 
can devise ; among those afforded by the latter may be mentioned the 
blocking up of roads by abatis or traverses; preparing countermines 
by which, on the enemy’s advance, the roads may be destroyed ; 
rendering fords impassable and even forming inundations by construct- 
ing dams across the streams. It should be observed, however, that 
when a defensive position is covered by a river, the line of troops 
should be at 800 or 1000 yards in rear of the latter, in order that 
sufficient space may be afforded for the troops to act against the enemy 
in the event of his forcing a passage across; and, in all cases, every 
obstacle in the way of a free communication within the position ought 
to be removed, that the troops may easily succour each other when 
attacked. Whatever be the nature of the obstacles opposed to the 
enemy, they should be within the range of the artillery of the line ; 
and then the position may be considered as impregnable, since an 
enemy would find it scarcely possible either to form or deploy his 
columns of attack on broken ground and under a destructive cannonade. 
Good roads, on the other hand, ‘should exist, or should be formed, in 
the rear, both to facilitate the arrival of supplies from the magazines 
or depts, and to favour a retreat, should the latter step become neces- 
sary. An army always retires in disorder under the fire of the enemy, 
and its danger is greatly increased when the retrograde movement is 
embarrassed by walls, ravines, streams, or other impediments; the 
divisions then become separated from each other, an@ some of them 
are generally cut off by the enemy before they can be supported. It 
would be advantageous that the ground in rear should command that 
of the position itself; for then the army, in retreating, would obtain 
a superiority of elevation over the pursuing enemy; and it might even 
have an opportunity of renewing the action with a prospect of success. 

A knowledge of the art of choosing military positions is an import- 
ant qualification in the staffofficers of an army; and these otticers 
should continually exercise themselves in forming correct judgments 
concerning the fitness of ground for such positions. They should be 
able to ascertain at once, by the eye, its extent and the stations it 
may afford for troops of the different arms, so that those of all kinds 
may act with the greatest effect and duly support each other; and, 
consequently, they should be able to determine the order of battle 
which is the most advantageous for the ground to be occupied. They 
are also to judge of the facilities which the roads may present for an 
advance or a retreat, or for the conveyance of supplies from the 
magazines; and, finally, of the obstacles which the ground in front 
may oppose to the movements of the enemy. The power of readily 
appreciating the character of ground in all these respects is what is 
called, by foreign writers, the military coup-d’wil; and this can only 
be acquired by a profound knowledge of the tactics of war, joined to 
much experience in the practice of executing military surveys, and of 
contemplating the a Range of ground from all possible points of 
view. These points being the supposed stations of the enemy, the 
staff-officer should accustom himself to observe from thence how the 
latter might make his attack; for then only can he judge in what 
manner an attack ought to be op ; that is, what disposition of 
troops and artillery would be the most favourable for resisting it 
when made, 

The main principles which have been laid down at the commence- 
ment of this article as the guides to the conduct of strategical opera- 
tions, are equally the principles in tactical combinations ; the following 
observations, then, are simply with a view of showing how these may 
be carried out. P 

Marches comprehend all the movements by which an army trans- 
ports itself from one place to another: when they are made at the 
as of a campaign, and at.a considerable distance from the enemy, 
they are called routes ; and on such an occasion the object generally is 
to invade a country, to seek subsistence, to surprise the enemy or force 
him to make counter-movements, in executing which he may be advan- 
tageously attacked. During a campaign, and in the enemy’s sight, 
marches are made in order to attack some important position which he 
may occupy, or succour some post which he may threaten, or in order 
to back on the magazines of the army. At the end of a campaign 
an army marches to the quarters which it is to take up for the winter. 

When an army already encamped in order of battle is to advance 
towards the ground directly before it, the march is said to be to the 
front; and if it is to proceed to ground on the right or left of the 
line, the movement is called a flank march. In the former case it 
would be advantageous if there were several roads nearly parallel to 
one another, and all tending to the position which is to be occupied ; 
and it would even be proper, should there not already exist a suffi- 
cient number, to make such, by cutting through woods or walls, form- 
ing causeways over marshes, or bridges over streams. The arm 
might then be divided into several short columns, so as to be able wi 
facility, if suddenly attacked, to deploy into line at any moment either 
during the march or on arriving in the new position: the intervals 
between the lines of route should therefore be, as nearly as possible, 
equal to the extent which the columns moving in those lines would 
| oooupy when formed in order of battle. The advanced guard, con- 
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sisting both of infantry and cav 
centre column at the distance of about a mile; and these troops should 
be accompanied by the pontoons and the sappers who are to remove 
the obstacles, or form the bridges. When the French army advanced 
into Russia in 1812, it marched in three great columns nearly abreast 
of each other; the centre column led along the main road; and 


the country being one vast plain, the others with their artillery moved 
over the ground on both sides, 
On a flank march along nearly parallel roads, since the heads and 


rears of the columns are where the extremities of the wings of the 
army would be if in order of battle, the several lines of route should 
be as near together as possible, that the troops may readily move into 
their proper places in re-forming the line; and it is obvious that, in 
such marches, the divisions in each column should be well closed 
together; for should they become separated by rivers, marshes, or any 
other obstacles, the enemy might seize the opportunity to attack 
division before it could be supported by the others, 

The difficulty of returning rapidly to the order of battle when 
attacked, is the reason that flank marches in the presence of an 
enemy are dangerous, particularly when the ground offers no impedi- 
ment to his approach: they however become necessary when a pusi- 
tion is to be taken up on either extremity of an enemy's line; and 
in order that they may be executed with safety, the columns should 
be protected in flank by a corps appointed for the purpose, In 
general an effort is made, by fi demonstrations, to deceive the 
enemy, for a time at least, respecting such movements: these consist 
in opening roads in different directions through woods or enclosures, 
in laying bridges over streams, in sending provisions and stores, and 
even bodies of troops, to various points; and, while the enemy is in 
a state of uncertainty concerning the object of the demonstrations, 
the columns secretly commence their march; care however is to be 
taken that detachments, when sent out as feints, do not proceed go far 
from the army as to be cut off, or compelled to retire with great loss. 

In the usual order of march the artillery should be formed in 
divisions corresponding to those of the troops, in order that each 
column may haye a portion attached to it, and ready to act with it in 
the event of being obliged suddenly to come to action roa, ipa 
of the rest of the army. A few pieces of artillery generally accom- 
pany the advanced-guard in order to protect the deployment and 
commence the action; and a division composed of the heaviest pieces 
may moye with the cavalry for its support. During the , the 
place of the artillery is in rear of the column to which it belongs, that 
it may not impede the movement of the troops; that of the reserve 
artillery being behind the centre column, in order that it may readily 
move up to the position in which it is to be employed. If some point 
of attack has been previously decided on—if, for example, it is intended 
to commence an engagement by assailing a village or an intrenchment 
—a considerable division of the artillery must accompany the columns 
destined for that purpose ; and if the army while making a flank-march 
is likely to be attacked on the road, some artillery proceeds at the 
head of each division of the troops. Should an attack in such cir- 
cumstances take place, the troops must form as quickly as E pe rs 
ha artillery must be placed where it may serve to repel the assailants 

its fire. : 

Me an extensive movement is to be made in order to arrive at the 
position of the enemy, it is necessary to be careful that the latter may 
not, by short routes, attack the army on the march. This mancuyre 
was successfully performed by the Prussians at Liegnitz in 1760: the 
king, being surrounded by the Austrians and Russians, and in danger 
of being overwhelmed, on learning that the corps of General Loudon 
was moving to turn his left and fall on his rear, while other troops 
were to attack him in front, suddenly decamped, leaving troops and 
artillery to occupy the attention of Marshal Daun in front, and 
defeated Loudon on his march ; by this action he opened a communi- 
cation with Breslau, and caused the siege of Schweidnitz to be raised. 

In all marches the breadth of a column must depend upon that of 
the road, and space should be afforded for the officers and orderlies to 
pass by the side of the troops without inconvenience : care should be 
taken when any change is made in the breadth of a column previously 
to entering a defile, that the formations be made without allowing the 
troops to fall _ confusion, 

To force a defile which is occupied by an enemy possessing artillery, 
and covered by epaulements, is an undertaking witch is likely to be 
attended with some loas ; but if it is necessary to attempt it, the troops 
which guard its entrance should be dispersed by a fire of artillery; and 
then the infantry of the army may enter the defile protected by light 
troops and aay’ 4 placed on the slopes or summits of the heights, in 
situations where their fire may act with effect against the enemy’s posi- 
tion, or et the posts which he may occupy, These detachments 
must be followed by reserve troops, Ss whom they may be strengthened, 
or on whom they may retire if repelled. The enemy is thus, if pos- 
sible, to be driven from every post by which the defile, with its lel 
or transverse passes, if such there be, is flanked ; when the main body 
of the army may dispose itself in the position which shall appear most 
favourable for maintaining possession of the ground while the enemy 
remains in the neighbourhood ; strong detachmenta must also be placed 
in situations which may command every approach to the flanks of the 


» may march before the head of the 


In the event.of having penetrated into the enemy's country, some 
strong posts should be eat in order that they po serve to pi 
the succeeding operations. Fortified places are usual 
situations from whence cross roads diverge into the country; and the 
pons of even one such place would be advantageous, as a depot 

or artillery and stores, while the rivers or roads would facilitate the 
conveyance of supplies to the army, 

On the other hand, in order to defend or cover a country, an army 
should be posted so that by short movements it may reach the enemy ; 
and it must be understood that, in acting on the defensive, the 
- troops should oy be nee ag sed i ach othe, 

e expectation of being able to defend ev int w 
menacad by the enemy, This error was commitited bd at the me 
the campaign in 1809, on the advance of the Austrians in great force 
towards the frontiers of France; when General Berthier so separated 
the divisions of the French army, that all of them might hay 
separately defeated, had the movements of the Archduke Charles 
more rapid than they were. 


if 


When two armies are in the neighbourhood of each other, an engage- 


ment, either general or partial, may take place ; the latter usually con; 
sists in an attack on one wing, or on some advanced part of the enemy's 
line, in order, by driving it back, to obtain a more advantageous posi- 
tion, or to secure some line of communication. A general action 3 
become necessary when an invasion of a country is to be prev: 
when a besieged fortress is to be relieved, when the position occupi 
is to be defended, or when that which is hog aga by the enemy so far 
obstructs the communications as to deprive the army of the means of 
subsistence, A battle may also be hazarded if the position of the 
enemy be eg Hi, se if the divisions of his army are ill supported, 
or if his force is w ed, either from some part being badly covered, 


or from considerable detachments having been made, , 
An army drawn up for parade is usu; ily disposed in two lines, with 
the infantry in the centre of each, and the cavalry on the wi but 


wings; but 
Wi ie eee ae the case on service, since the nature of the 
ground wi uently render a contrary disposition necessary; in 
some parts of the field the troops may be in a single line, in other 
parts in two, or even in three lines, 


The order of battle immediately previous to an engagement 
so much on the facility which the ground may afford for disposing and 
moving the troops, that it is scarcely possible to assign any rule for 
the formation; yet it is usual among military writers to class all the 


different dispositions of an army under two kinds, which are dong: 
nated the parallel and the oblique order, The first comprehends 


of 
flanked; and should any part of it be driven back, the rest of 
troops would either be turned and thus cut off, or be also com 
to retire, The battle would therefore be lost; 
pursued, the defeated army incurs the risk of being entirel 
At the battle of Talavera, July, 1809, the two armies were pak 
in parallel order, and the attack was made by the French at the same 
time on the centre and on both wings of the allies, 

The oblique order of battle may be said to have been employed 
the ancients when it was intended to break the enemy's line; on su 
occasions the was drawn up in the form of a wedge, and it 
advanced with an angle in front against the centre of the line. At the 
battle of Arbela, the army of Alexander attacked only the right wing 
of the Persians; and at the battle of Cynoscephale, the consul Flami- 


military pings ve by Frederick III. of Prussia, 
It does not s consist in drawing up an army in a straight line, 
, would meet the tine 4 is, on 


The pringiple of the oblique order consists in such a disposition of the 
troops as may enable a portion of the army to engage at some one point 
in the enemy's line, while the protected tr the obstacles of the 
ground, is stationed so as to be able to wanes e troops engaged, or 
prevent the onany at other points of his line from attacking 
those troops in flank; and a t commander will always manmuyre 
so that his army, even though inferior on the whole to that of the 
enemy, may be superior in strength at the point of attack, — 

The attack is generally directed against one of the enemy's wings in 
the hope of being able to turn it, that is, to get beyond its extremity, 
or in its rear, thus to cut off its retreat or intercept its supplies; 
but if the wings are well protected by the ground, or by i 
ments, or by strong reserves bei there, and if at the same 
time the centre has been weakened by troops having been drawn away, 
or by those which form it being widely disseminated, the attack may 
be advantageously made against that of the line. At the battle of 
Corunna, January, 1808, the British and French armies were in 
oblique order, the right of the former being near the left of the latter ; 
while the opposite extremities were, by the nature of the ground, kept 


on rivers, or in . 


a 
L. 


eee! aes 
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a considerable distance from each other. The French made a 
columns, one of which advanced towards the 
other attempted to turn its right: in order to 
a part of the British army was placed 
fire, together with that of the reserve, 
of the right wing, prevented the 


and defeated the left of the Austrians: by 
this suecess he cut them off from Vienna, and compelled them to retire 


army at eptiagenn er ponies ht wing, 
and succeeded in gaining the heights in that part of the after 

suffered loss in storming a redoubt which protected 
gallantly defended by the élite of the Russian 


or 
of Albuera, the timely bringing up of the 
reserve, when the first line was , was the means of the victory 
being gained; and at the battle near Bayonne, December, 1813, two 
British regiments having been improperly withdrawn from an import- 
ion was in danger of being lost, when General 
ce ithe ee emgener tec Sees: te 
: einer necessary when ies engage on a plain, as 
then the whole line may be forced into action, and in the event of 
defeated, its rnin would be inevitable without the support of a 
numerous body of troops. 

When cavalry commence an action, its charge should be preceded by 
a fire of horse-artillery placed on one of its wings. The fire of that 
artillery should at first be directed against some part of the enemy's 
line which is at a distance from the point to be attacked; and if the 


latter should be weakened by troops being withdrawn from it to 
ironwmies' that point which the fire is directed, the artillery 
artillery become mixed with the com- 
being taken by the enemy, whereas, 
charge ot er join in the pursuit 
attack by a fire of light troops ; 
ied by a part of the artillery, which joins in the 
I in reserve. If the skirmishers retire in order 
the first line of the army to enguge the enemy, the reserve 
up with that line, and it disposes itself by the side 
of that which previ been in action, or it goes to one of the 
wings. Should the enemy's line become disordered, the horse-artillery 
gallops up to within range of grape-shot and completes the victory. 
The stations of artillery in position should, if possible, be such that 
the fire of the ie acter centers per bpm aes fs 
in which case the fire of such battery against those guns is n ily 
divergent. In general, when an army acts on the offensive, the lines of 
fire from batteries in position should form nearly right angles with the 
front of the position, in order that the attacking columns may have 
room to form in the intervals between those lines of fire; but if the 
enemy be the assailant, the lines of fire may form acute angles with 
the position, in order that he may be thereby ed when nearly in 
ee ec oe ere arene eee 
e 


i 
i 
ir 
E 
Pe 
E 


may con 


ar Inaghsenge be placed where their fire may flank the ascending 


ground. 

Artillery consisting of 9-pounder guns is found most convenient for 
the buttarlen which ere laced with the troops: such guns are capable 
of serving to defend the position, and they may be employed to 
destroy walls, displace abatis, or ruin field intrenchments. Howitzers 
are also used in the field for the purpose of throwing shells into 
redoubts or villages, or among troops protected by hedges, hollow 
ways, &e,, where the shot from gun-batteries could not take effect. To 
these must now be added rifled guns. [Orpnance, Rrriep.] Horse- 
artillery should be kept with the reserve, and be ready to advance 
wherever it be required, either to support a part of the line which 
is likely to be , or to gain the flanks or rear of the enemy; and 
when it is a to get possession of a position before the enemy 
can arrive at it, the horse-artillery, on account of the rapidity of its 


motion, may be onsen for the E 

The batteries by which an ay fs protected in its position consti- 
tute a sort of bastions, being usually placed a little in advance of the 
eee noe If the army receives the attack of the enemy, 
the artillery commences the action by » cannonade while the enemy 


at a distance ; and if the army acts on the offensive, the artillery su 
ports the columns of attack. It is usual, when guns are fired 
position, to direct them so that the shot may strike the ground in 
front of the enemy’s line, and afterwards, by rebounding, make a 
series of grazes among his troops. When the ground is hard and even, 
these ricochets are very destructive; but if soft, or much broken by 
inequalities, the shot plunges in the ground and does comparatively but 
little execution. It is doubtful if ricochet fire is practicable or likely 
to be efficacious with rifled ordnance. 

The best pi ions for the quantity of artillery in an army is one 
gun for every 500 men (infantry), and one gun of the horse-artillery for 
every 250 men (cavalry); but this will vary much with the country in 
which it is to be used, hilly country requiring much less artillery 
level country. 

Armies, whether on the offensive or defensive, are generally kept in 
columns till the proper moment for deploying has arrived ; for by this 
disposition both parties are enabled to conceal their projects from each 
other till one of them has determined to commence the action, and 
each is in a condition to make such movements as may be necessary in 
order to give him an advantage over his opponent. The Spanish 
general, Cuesta, is blamed for having, at the battle of Medellin (1809), 
in which he was defeated, advanced towards the French army in one 
weak line three miles long, when, by keeping the troops in columns, he 
might have moved them between the enemy’s divisions, and thus, by 
separating them from each other, have destroyed them in detail. If a 
position is such that the army occupying it is exposed at several points 
to be attacked, those points should be occupied by small bodies of 
troops, the bulk of the army being kept behind in columns ready to 
march to any point where their services may be required. Thus the 
enemy will be embarrassed from the impossibility of determining the 
force of the army at any one point, and his only chance of success will 
lie in the quickness of his movements. The circumstances which may 
determine a general to attack a position at any particular point are, the 
appearance of that point being weak on account of troops or artillery 
being withdrawn, from the ground being there more easy of access 
than elsewhere, or from its capabilities of affording cover to troops in 
their advance. 

If an army, as AB, in position on level ground, is to be attacked on 
its left wing, B, the army acting against it is usually placed en échelon, 
as at M, N, P,Q, each division consisting of a battalion or a brigade ; 


| gt i 


; 


and this formation may be accomplished by moving up the different 
columns, as at m’, n’, P,Q’, to the places which, when deployed, they 
are to oceupy during the engagement. It would be advantageous, 
however, that the heads of the columns should remain till the moment 
of deployment in a line parallel to that of the enemy, in order to keep 
the latter as long as possible in suspense respecting the real point of 
attack. A favourable moment is then chosen for bringing the greatest 
mass, as M’, to the wing at B, which is supposed to be the weakest part 
of the line; but it should be observed that this intention will succeed 
only when the different columns can be moved to their stations with 
great rapidity, for if the enemy has time to perceive the manmuvre he 
will not fail to take measures to counteract it. The échelons must 
always be so near one another as to allow them to be mutually sup- 
ported, yet not so near to the enemy as to be in danger of being forced 
into action. In order to explain the ess of turning an enemy’s 
position, let it be supposed that the left wing (8) of his line is ina 
plain, and not well protected by works, and, consequently, that it may 
be turned, while the right wing (A) is covered by woods. Strong 
columns are formed at m in order to ‘orm the manceuvre of turning 
the flank B. The divisions at n and p constitute the centre, and may 
be supposed to be on elevated ground, so as to be refused to the 
enemy ; while Q@ may consist of a small division extended along the 
skirts of the wood merely to keep the enemy in check. 

Should the enemy reinforce his left, B, by drawing troops from his 
right, a, and should this circumstance become known after the troops 
m have set out on their march towards 8, the infantry of the column 
M may then change their route and proceed towards N and P, conceal- 
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ing their strength as much as possible by passing through woods and 
hollow ways, if such there be, while the cavalry, supported by some 
infantry in a village, as at 1, move towards mM as before, in order to 
deceive the enemy. The central columns Pp and n then move towards 
gi aay of th ean 3 pletely hte ie Prova 
the disposition of the army is com $ i 
is effected with rapidity, the enemy might not have time to reinforce 
the wing a before it would be turned, If the troops in the wing B 
were to advance to attack the central columns at P and n, and these 
were to retire, those troops would be unable to produce any effect, as it 
would be to recall them in a short time on account of the 
oor then threatening the right wing. 
is is nearly what took place at the battle of Leuthen (1757), when 
the king of Prussia advancing against the Austri army made demon- 


strations as if he would attack their right wing. Daun, though 
for a time he suspected the feint, was at | deceived, and sent all 
his reserves to strengthen that wing: the king observing this, pro- 


ceeded immediately to execute an oblique attack ; for which purpose his 
columns moved rapidly to the right and deployed on the left wing of 
the Austrians ; this wing gave way, and the right wing wheeling up to 


attack the Prussians’ left, the two armies were brought into parallel, 


positions. These movements produced in the Austrian line disorder, 
and openings by which the Prussian cavalry penetrated and took 
session of the village of Leuthen: the Austrians rallied twice - 
wards, but they were finally obliged to retreat, At the battle of 
Albuera (1811) the French general at first moved his columns as if he 
intended to attack the left of the allies, but soon causing them to 
change the direction of their march, he rapidly placed nearly two- 
thirds of his army in order of battle perpendicular to the right of the 
British line. By this movement the allies were obliged to change 
their front, and, as this was done under a heavy fire, the enemy was 
upon them before they had time to complete the new formation, 

When an army, in the position a B, is attacked on one wing, as B, by 
the corps M,and is in danger of being turned, it may endeavour to 
prevent the of the m vre by throwing back that wing in a 
direction B c, parallel to that of the attacking corps, M: this is called 


fir 


foe 


forming the army en potence ; the angle B is, however, weak, for the 
troops in B c by falling back may become crowded and disordered ; a B 
may become exposed to a raking fire from M, and Bc to a like fire from 
troops at x. It is evident, however, that m cannot now turn the flank 
BC without making a circuitous movement, by which it may become 

from the rest of its line: and if the army AB is strong 
enough, it may form a line parallel to the direction of cB, By such a 
movement the parallel order would be restored, and the wing a might 
even be made to turn the left, Q. of its opponent: this should of course 
be attempted, as the return to a parallel order of battle leads to no 
useful result. In order to effect it, the division Bo should retire 
gradually, while the brigades in aB wheel back, in order to hase in 
connection with it; at the same time the brigades at a wheel to their 
front so as to form the new line 4’c’, in a direction oblique to that of 
Q, P, N. 

An attack on an enemy's line is often made by a strong division 
drawn up in one column for the purpose of forcing its way through the 
line at some point where it appears to be weak, and thus compel- 
ling the different corps to retire that they may not be separately over- 
whelmed. This is the mode of attack which was practised with so 
much success by Napoleon against the Continental armies, but which 
nee when attempted against the British troops, both in Spain and at 

It is adopted when an attack is to be made on an enemy behind 
retrenchments, in which case the troops move as much as_ possible 
towards the salient angles of the work in order to avoid the direct 
fire; it is also necessary when the ground only permits the troo 
to advance on a narrow front, as in defiling through a ravine; in 
fact, if an enemy's position have obstructions in its front, it must 
necessarily be attacked in columns if at all, The columns should be 
paamaatek with each other by bodies of light troops, and the attack 
should be made with a view of separating a wing of the enemy from 
hia main body. 

The prac sedey 5 ages er eagle advantages over one made by 
foes deere Sy Me dahe ote anak in the column ; for 

e enemy is intimidated t of a vast body coming nat 
him, whi she pendlieiag Aad aeiitones oes tee notes pyar 
succession of efforts directed against troops in a slender line will also, 


in general, succeed in breaking their order; but there are 
cumstances which more than coun these 


the advance over uneven ground the men lowe thelr ranks and fall 
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attacked in column, were to firmly, it is poe that 


ing themselves in hollow squares, er chequer-wise, 
fires may cross on the ground in front, have invariably 
found capable of resisting the efforts of the assailants. This 
nouvre was recommended by General Jomini, and was for 
time employed at the battle of Aspern, in 1809. In that action Nj 
leon, perceiving the Austrian line to be weakened in the centre, ordered 
it to be attacked by the whole corps of Marshal Lannes, which for this 
was drawn up in one great column, The column, preceded 
illery, advanced rapidly, and succeeded in pen ing the 
The troops in that part gave ground, but forming themselves in squares, 
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they resisted all the efforts of the French cavalry to them, 
while the wings of the army closing upon the flanks of column, 
poured into it a destructive fire of artillery, which at forced it 
to retire in confusion between the two fortified villages which supported 
its wings, The attack of the French at the battle of a 


hip gre 
however, complete success: the Austrians, being doubtful I 
cise spot at which Napoleon would cross the Danube, had very wiley 


dispersed their troops; the centre of their prt aD 
and against this part the French emperor determined to direct a dense 
column. This was composed of the reserve of the army, and the 


line. The latter was drawn up three deep, and its fire of musketry 
and artillery, directed against the heads and flanks of the columns, 
aided by charges of cavalry, drove the enemy back with great 4 
An indiscreet pursuit made by the Guards was the cause of much dis- 


order in the centre; and the en returning to the charge, that par 
of the line was completely broken; but fresh troops being 

to the spot, their fire Kept the enemy in check the disordered 
troops rallied, and the artillery continuing to play on the flanks of the 
enemy's columns, the latter at length gave way. 

The success of an action is often promoted by sending out a detach- 
ment with directions to fall on the flanks or rear of the enemy during 
the engagement. The sudden appearance of a body of troops in sucha 
situation cannot fail to produce embarrassment in the army which is 
attacked, and to diminish the energy of its operations towards the 


at Ordal, ten miles in advance of the army under Lord William 
tinck, in Catalonia, was suddenly attacked by the French army, and 
his troops di This misfortune is ascribed to neglect in not 
having placed outposts, by which warning might be obtained of the 
enemy’s approach. 

An army which gains an advantage over its adversary is always more 
or less deranged by the action, and it is n that it should endea- — 
vour to recover its order preparatory to receiving the second line of 
the enemy, should the latter advance to renew the combat, On the 
enemy retiring, the first line of the victorious army advances, and then 
the second line follows it in order to support it, sending, if necessary, 
battalions or squadrons to replace such as have been most disordered 
during the action. In the event of the second line, or reserve, of the 
enemy being defeated, since then there is no apprehension that the 
action will be continued, companies of troops may be detached in pur- 
suit of the retreating army; but every precaution should be taken to 


keep them within the support of the main body, and particularly to 
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prevent the troops from dispersing for the purpose of plundering the 
country. The advance of the whole army in pursuit should continue 
so only as it can be conducted with order, and in masses strong 
eno’ to the enemy if his troops should rally in a good 
position. If di should take place among the pursuers, the latter 
should be made to fall back on the reserves: the pursuit of a 
retreating army can, indeed, be seldom continued beyond the first ele- 
vated at which the latter may arrive; since, however little 


per aera Hare meat to allow them to make any attempt 


When the success of an action begins to be doubtful, and it is appre- 
hended that the army i i 


of the second, or of the reserve, while the latter continues the action. 
in in order of battle in rear of the second, 

to retire; and this alternate retreat of. the 

lines should be continued till the army can be thrown into columns of 
by detachments of light 

be made in one body, as thus it 
ly st the enemy in pursuit. If, how- 

ever, the centre is broken, the army may be obliged to retire by differ- 


eateer-ctand te waiar ie cay tm srk cance oar dra 
strong posts by which it ma; protected, isk of being cut off 
ipeaiig hast rebtedirap anadl 


retreat through them becomes extremely dangerous, for the army ma: 
eliedatiiana waleeld ih; win gat tnretigh und if they are already cects. 
by the enemy’s detachments, the retiring army may be annihi- 
or com} to surrender. It has been observed that the situation 
the British army at Waterloo would have been very critical if it had 
retreat ; this. criticism, however, is hardly just. 
army had good roads to retire by, and the open forest in 
admirable position for defending the rear of 
In order to pass a defile in safety, it ought to 
: artillery and a reserve corps should 
the approaches on the advance of the 


in action, an army is to retreat from a position which 
hyp geass from the knowledge of 
inireanerey, Deeper place at night. 
remain at their stations as long as 
ing on the ground, as if the army were 
| same ag is dark the main body moves off, and the 


necessity of taking repose after the 
necessary for armies, whether on the 
positions where they may remain during 
season of These positions, called winter-quarters, should 
a Aes Speman of cute ther —_ oo Madey oto 
preserve ground which he gained ; and i 
aisedibihiahe #6 a to be secure against the Frets the 
enemy. The principles by which a choice of quarters is determined 
same 
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the quarters. 

Sec eae enn uadrons of cavalry are quartered 
in villages along the front of he position; the whole or a division of a 
pp acdbetboal dos awe ag place: these posts may be strength- 

by redoubts, palisades, or abatis ; retrenchments to sho’ be 


of these stations furnish the men necessary to constitute the advanced 
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posts of the chain. A stronger force should occupy villages and towns 
within the first chain, and froun ‘tiske ake init eons: balin.o as 
may be requisite to support those in their front. The great body of 
the troops ought to be near a central point of the position, in order 
that suecours sent from that body may easily reach any part that may 
be threatened. 

When an army is in quarters, there are established alarm-poasts, at 
which the troops be appointed to assemble. are 
frequently in the vicinity of a fortress, that the corps may be 


oe remem _ they should be in command- 
event e enemy attempting a ors we 
be seen. Each division, or corps 0! 
own posts, and there should be, besides, 
place of rendezvous for the whole army : the latter place 
that all the divisions may be drawn up there 
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before the enemy could arrive at it, and it should be protected by a 
fortress which may contain the provisions for the support of the 
troops. 

A system of signals, for day or night, is determined on, by which 
intelligence may be conveyed to all the different posts, of the approach 
of the enemy. Should an alarm be given by any outpost of the chain, 
the bodies of troops which are appointed to support that post take 
arms, attach the horses to the artillery, and prepare to march imme- 
diately to the point of danger; but the judgment of the commander, 
and the information which he may receive from spies or deserters, 
must enable him to form an opinion whether a demonstration made by 
the enemy is true or false. 

(Bulow, Lsprit du Systeme de Guerre Moderne, 1801; Guibert, 
Cuvres Militaires, 1803; Jomini, Précis de Art de la Guerre ow 
Nouveau Tableau Analytique ; Rogniat, Considérations sur [Art de la 
Guerre, 1817; Lallemand, Traité des Opérations Secondaires de la 
Guerre, 1825; Yates, Elementary Treatises on Tactics and Strategy.) 

WARD, WARDEN, that is, ‘‘guard” and “ guardian.” Ward is 
the name used in the counties of Durham, Westmoreland, and Cum- 
berland, instead of the hundred of the midland counties or the wapen- 
take of Yorkshire, to denote a subdivision of those shires. The 
neighbourhood of those border counties to the Scots rendered it 
essential that the military preparation of the inhabitants should be 
constant ; and hence the subdivision of the county took the warlike 
appellation of ward, rather than the more peaceful one of hundred. 
The great officers whose duty it was to defend the northern borders 
from the Scots, and the north-western from the Welsh, were called 
lord-wardens of the marches [Marcnes]; and we still have the lord- 
wardén of the Cinque Ports, the lord-warden of the Stannaries. To 
descend to a lower class of functionaries, a castle or tower was hereto- 
fore often called a ward ; and it served as a place not only of defence, 
but also for the safe keeping of malefactors : sat the keepers of some 
jails are called wardens ; for example, the keeper of the Fleet prison, 
until it was abolished, was called warden. 

Forests were divided into wards. By the Municipal Reform Act 
(5 & 6 Will. IV., c. 76,) cities and boroughs are divided into wards, 
each of which has the right of electing an alderman and a certain 
number of council-men. [Munrcrpat Corporations. } 

WARDS, COURT OF. The Court of Wards and Liveries was 
established by the statute 32 Henry VIII., c: 46, to superintend the 
inquests which were held after the death of any of the king’s tenants 
by knight's service, for the purpose of ascertaining what lands the 
tenant died seised of, who was his heir, whether the heir was an infant ; 
and thus what rights accrued to the king in the shape of relief, primer 
seisin, wardship, or marriage. 

By the famous statute in the first Parliament of Charles II. 
(12 Charles II.,c. 24), the Court of Wards was abolished, together 
with the feudal rights out of which that court arose. ‘lhe preamble of 
the statute states that it had been intermitted since Feb. 24, 1645. 
ppt 

WAREHOUSING SYSTEM is a customs’ regulation, by which 
articles of import may be lodged in public warehouses at a moderate 
rent, not being chargeable with duty until they are taken out for home 
consumption, and being exempt from duty if re-exported. It affords 
valuable facilities to trade, is beneficial to the consumer, and ultimately 
to the public revenue. Where no such system exists, the merchant 
must either pay the duty on every article immediately it is landed, or 
must enter into a bond with sureties for payment at a future time. If 
he pays at once, he is obliged to advance a large capital, on which 
interest must be charged to the consumer until the goods be sold; or 
he must effect an immediate sale, perhaps at an inadequate profit, or 
even at a loss, in order to raise the funds necessary to pay the duty. 
If he wishes to defer the payment until the market shall offer an 
advantageous sale, he may find it difficult to induce persons to become 
his sureties, and, when he has succeeded, he may involve them in ruin. 
The natural result of these difficulties is, that none but wealthy 
capitalists can import articles on which heavy duties are charged, and a 
monopoly is thus established, to the great injury of the consumer. 
The immediate payment of customs’ duties also obstructs the carrying 
trade of a country, by making the re-exportation of articles more 
troublesome as well as expensive. 

The first British statesman gel steno a remedy for these evils 
was Sir Robert Walpole, in his celebrated Excise scheme, in 1733. 
His object was to unite the Excise laws with those of the customs as 
regarded wines and tobacco, and to a small duty immediately 
on importation, and the remainder on being removed from the Excise 
warehouses for home consumption. Speaking of tobacco, he thus 
explained his pro :— If the merchant's market be for exportation, 
he may apply to his warehouse-keeper, and take out as much for that 

urpose as he has occasion for, which, when weighed at the custom- 

ouse, shall be discharged of the three farthings per pound with which 
it was — upon importation; so that the merchant may then 
export it without any further trouble, But if his market be for home 
consumption, that he shall then pay the three farthings charged upon it 
at the custom-house upon importation ; and that then, upon calling 
his warehouse- , he may deliver it to the buyer, on paying an 
inland duty of 4d. per pound to the proper officer appointed to receive 
the same.” Walpole clearly foresaw the advantages of his scheme to 
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he ing trade. “Iam certain,” he said, “‘ that it will be of great 
benefit to the revenue, and will tend to make London a free port, and, 
by consequence, the market of the world.” This wise plan, unfor- 
tunately for English commerce, was not permitted to be carried into 


effect. 
The advantages of the warehousing system were most forcibly pointed 
out by Dean Tucker in 1748, in his ‘Essay on the Advantages and 


Disadvantages which respectively attend Great Britain and France with 
respect to trade,’ and afterwards by Adam Smith, in his ‘ Wealth of 
Nations ;* but it was not established before 1803 (43 Geo. IIL, c. 132). 
The acts by which warehousing is now regulated are the 3 and 4 Will 
IV., c. 57; 4 and 5 Will IV.,c. 89; and 6 and 7 Will IV., c, 60. 

The main objection to Sir Robert Walpole’s scheme was that the 
ee ore compulsory, but, under the existing law, it is at the 
option of the importer. Amongst other privileges enjoyed by the 
merchant, he may remove any merchandise from one port to another, 
either by sea or inland carriage, to be warehoused in. A com- 
mittee of the House of Commons reported, in 1840, “ that the privilege 
of having bonding warehouses may be conceded to inland towns, under 
due restrictions and regulations, with advantage to trade and safety to 
the revenue. An Act (7 & 8 Vict., c. 31) conferred this privilege. 
upon Manchester. Since then the power of appointing warehousing 
ports has been conferred on the Treasury by the Customs Consolidation 
ag of 1833; and a similar power as to inland towns by the 23 & 24 

Vict., c. 36. 

The advantages of warehousing have been understood in various 
foreign countries as well as in England. So long since as 1664, M. 
Turgot established it in France; but it was discontinued in 1668, 
except for mercharfdise imported from the East and West Indies and 
Guinea, or exported thereto. In 1805 the system was re-established in 
a more extensive manner, but was confined to certain sea-ports, until 
1832, when it was extended to several of the principal cities in the 
interior. Warehousing both at the ports and at certain inland towns 
is permitted in Holland. In Belgium, Denmark, and most other 
commercial countries the system has also been adopted. 

WARMING AND VENTILATION, References having been 
made from Smoke, Stove, and Ventitation to the present article, it 
will be desirable here to glance rapidly at the principal modes em- 
ployed for warming and ventilating buildings generally. 

Open fire-places.—A “cheerful English fire” is associated with so 
many ideas of comfort and social enjoyment, that we are apt to forget 
how dearly we pay for it. Dr. Franklin and Count Rumford did some- 
thing to call attention to the subject, but Dr. Arnott has done more. 
In order to understand this matter, it will be nec: to bear in mind 
that, while some fire-places or stoves give out heat by conduction chiefly, 
others do so mainly by radiation. Open fire-places are of the latter 
kind, and a serious Me of heating-power results from the arrangement. 
The burning coals radiate heat into the room, and another portion of 
heat is reflected from the metallic portions of the grate; but the 
heated air, which ought to contribute to the desired effect, is mainly 
allowed to escape up the chimney with the smoke and other results of 
combustion. 

Dr. Arnott enumerates about a dozen evils which are more or less 
inseparable from the familiar open fires of our apartments, Among 
these are: Waste of fuel—There is, first, the heat which with 
the smoke; then the current of warmed air from the room, which 
ascends the chimney; and, lastly, the valuable fuel contained in the 
smoke itself. From all these causes Dr. Arnott estimates a loss of 
seven-cighths of the whole heating-power, while Rumford estimated it 
as high as fourteen-fifteenths—each basing his conclusions on the kind 
of open fire-place chiefly in use in his own day. Unequal heating —In 
a cold wintry day, when seated near a large fire, we may frequently 
hear persons complain of being scorched on one side and frozen 
on the other. This arises from the circumstance that, as most of the 
heat received from an open fire is radiated from the burning fuel, 
instead of being conducted by the air, this heat, diminishing in inten- 
sity as the square of the distance increases, is very unequal, being too 
great at a small distance, and too weak at a greater; while the 
draught, or current of cold air which feeds the fire with oxygen, acts 
like a chilling blast against the side of each person or object which is 
turned away from the fire. Strata of air unequally heated.—Besides 
the inequality just alluded to, there is another, arising from this cir- 
cumstance—that the entering current, being colder and specifically 
heavier than the air previously in the room, occupies the lowest 
stratum, and subjects the feet to a cold bath, which is frequently 
attended with bad consequences. Other objections are—the smoke 
and dust arising from the use of open fires; the loss of time attendant 
on the care which they demand ; the danger to property and to person 
which accrues from them; the necessity (until lately supposed to be 
indispensable) of employing climbing boys ; and many others. 

Many contrivances have from time to time been brought forward to 
obviate one or other of these inconveniences. Count Rumford sug- 
gested the register-stove, the peculiarity of which consists in nar- 
rowing the entrance or throat of the chimney by a plate which can be 
moved to vary the size of the aperture; by this means, particularly if 
the opening be near the fire, the very hot air directly from the fire 
enters before it can mix with much colder air from the room, and thus 
the draught is increased so as to lessen the chance of smoking. But 
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ealthful Warmth and Ventilation.” His chief object was to describe 
a kind of open stove which he had invented, as the result of com! 


once, in a box beneath the grate. The coal is be when 
wanted, by a moveable false bottom in the box, which is raised easily 
by the poker as a lever, with notches and ratchets to 
bottom at any height. The box is from 8 to 18 inches 
tains from 20]bs. to 30]bs. of fuel. In warm weather, the fire 

dull by not raising the bottom so high or so often as in cold weather, 
To light the fire, paper and wood are laid on the coal; and on this 
three or four inches of cinder or jally coked coal. 
kindles the cinder, and the pitchy vapour from the coal rises through 
bettie “regen — and adds to ree heat, without 
producing smoke. It is important that no air shoul Lape 
the coal-box ; to insure this, the false bottom moves up tightly. T 
great 


Even if no fuel were eS ee bura 

ugh a whole night. The grate is 
pega He by an improved form of chimney-valve, &e. kind 
of coal, ¢ 


Mare 
chimney, ventilates the room through the valve, diffuses the pegs 


ance. We may add that Dr. Amott combats eas pray sae 
prevalent, that a modern low grate warms the floor room better 
than one of greater height. In the usual position of a hearth-rug, 
more heat comes down upon it if the grate be moderately high. 
the grate be low, hardly any heat strikes it; it merely passes horizon- 
tally over it, while cold air rushes along the floor in the opposite 
direction, on its way to feed the fire. 7 

Olose Stoves—The common Dutch stove is one of the simplest 
examples of a close stove. It generally consists of a cylindrical case of 
sheet iron, within and near the bottom of which is a grating for con- 
taining the fuel. There is an ash-pit beneath the grating, and three 
openings to the interior—one to the ash-pit, one for introducing the 
fuel above, and one leading to’a flue or chimney. When the fuel-door 
is closed and the ash-door open, there is then one aperture by which 
cold air can enter to feed the combustion, and another by which the 
smoke can escape. In this form of stove the heated iron case warms 
the air of the room by conduction rather than radiation, and all this air 
becomes much more nearly equalised in temperature than by a common 
fire. There is also great economy of fuel, and an absence of smoke and 
dust. On the other hand, inconvenience arises from the highly heated 
iron, the temperature of which is so great as to decompose many of the 
heterogeneous ——s always floating in the air. The air acquires a 
burnt and = ureous odour ; it exercises a dry and shrivelling effect 
on objects in the room; and it often gives headache and giddiness to 
those who are exposed to it, In Germany the stoves are made on this 
principle, but are often more ornamental in their character. 

The Russians contrive their close stoves on a different principle. 
Earthenware and brickwork are largely used, instead of metal, as a 
means of making the heat less intense neat the stove, and of keeping 
up a reservoir of heat after the fire is extinguished. The stove is 
built in a massive style, and consists of a series of chambers, of which 
the lowest serves as the fire-place, and the upper ones as flues; and 
being composed almost entirely of brick and porcelain, the outer surface 


remains at a moderate temperature for a very long period, —- 
Within the last thirty years forms of stove have been devised, 
with the view of obviating some of the objections urged against those 


used on the Continent. Where, asin a common German or Dutch 
stove, the burning fuel comes in contact with the metal of which the 
stove is formed, this metal becomes so highly heated as to produce 
upon the surrounding air the deleterious effects before alluded to. Dr, 
Arnott has the merit of having drawn attention in a particular manner 
to this subject. The problem which Dr. Arnott sought to solve was, 
to obtain a considerable extent of surface heated not much above 200°, 
asa means of warming apartments, He first caused a kind of water- 
stove or tank to be constructed, having a fire-box in its centre; and by 
certain arrangements for the admission of air and the emission of 
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smoke, he kept the water always nearly at the ing temperature. 
Phe dypahitin indie heteiar e and difficult to manage, 


of air. In the new form of stove, the fuel is put into a small 
enclosed within a larger case of sheet-iron; the only openings 

e outer case being a door at which the fuel is introduced, an air- 
hole beneath the grate, and a chimney for the exit of smoke, which 
a metallic tube three or four inches in diameter, 
in positi The interior of the outer case is 
di into two parts by a partition so adjusted as to cause a 
continued circulation of the heated air within, and hence an equable 


fire within is less or more intense, It was 
one point in Dr. Arnott’s system to make the stove a “ self-regulating” 
one, 


into an ash-receiver, and new neces , Without an) 

lust ri into the room, or any air entering the stove except 

the customary air-vent. In the different forms of kitchen-ranges the 
is combined with what may be deemed a close stove; 

for the oven and hot-closet are representatives of the heated space 

within the outer case of a close stove. op Sate pete ce gt 
&c., are adjusted not so much for the economising of fuel 
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means 

The stoves are mostly cylindrical in form, 

i At the lower end, a few inches 

above the floor, is a ring-burner pierced with numerous minute jet- 

has frequently a sliding valve or damper to 

The details vary greatly in different kinds. [Edwards's gas- 

stove has bulbous-shaped burners of fire-resisting clay, pierced with 

numerous small holes. Air enters through a lower row of holes and 

mixes with the gas. The bulb becomes gradually covered with a thin 

. Several such bulbs are combined in various ways, and 

arranged to form i sec ycsere, ad a One form of this stove, 

consists ly of small cylinders of pipe-clay. 

Each cylinder is from two to four inches long, and ‘orated with 
holes Ath i 
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er form a gas-stove may present, its assumed advantages are: 
a ive freedom from dust and dirt; a saving of time and labour; 
facility for adjusting the temperature of a room; and economy in cost 
and maintenance. 


e disadvantages are alleged to be: a dittusion of 

, nitrogen, and carbonic acid gas; these ought to be 
a chimney or flue, which however is seldom provided for 
oreover, all the bad gases are given off near the floor (in 
gas-stoves, though not in gas-lights), so as to mix with the whole of 
the air in the room; and any defect in the burning of any one of the 


eylinders; that the heated air should be 
allowed to circulate between them; that there should be no opening at 


the top; that a flue of two inches diameter should be placed at about 
mid-height, to carry off vapour, dust, and deleterious gases ; that there 
should be an increased amount of metallic and reflecting surfaces to 
receive the heat; that only the radiative, not the ive, heat should 
be allowed to combine with the air of the room; that the size of the 
stove ought to bear some well-ascertained proportion to the size of the 
room ; that care should be taken not to overheat the stove, for fear of 
producing an empyreumatie odour ; and that the gas-jets should never 
exceed three-quarters of an inch in height. I£ the flue be long enough 
to allow the stove to stand near the middle of the room, nearly all the 
heat will be rendered practically available. In a well-arranged gas- 
stove seven-eighths of all the heat may be economised. A more equable 
heat can be maintained by such a stove than by any mode of using coal 
or coke, on account of the jet-holes remaining constantly of the same 
size. So far as safety, the flue of a gas-stove is not so likely to 
be highly heated as that of other stoves, Whether such a flue could 
be made conformable to the decorations or furniture of a room, instead 
of being an eyesore, is a question worthy the attention of architects 
and wy In relation to economical use, it has been calculated 
that a gas-stove will boil one gallon of water by the expenditure of gas 
to the value of one farthing; while a pennyworth of gas will bake three 
quartern loaves or six pounds of meat. On this subject, the application 
of gas to cooking, see Cooxine APPARATUS, 

Warming by Heated Air.—In all the arrangements yet described, the 
stove or fire-place is in the room which is to be warmed, and its heating 
effects are caleulated with respect to that room alone. A notable 
advance, carried to a great extent in the present day, is to have the fire 
in an outer or lower apartment, and to the heated air from thence 
in a pipe to the apartment to be heated. The Chinese have been 
beforehand with us in this matter. In the better class of Chinese 
houses there are hollow flues extending beneath the floors, and con- 
nected with a fire-place constructed either against the exterior wall of 
the apartment to be heated, or else in an inferior room adjoining. The 
flues are perforated with numerous holes, through which they give out 
the heated air and smoke to the whole of the under side of the flooring. 
This flooring consists of flat tiles or flag-stones nicely imbedded in 
eement, so as to prevent the escape of the smoke or heated air from 
the flues beneath into the room. After circulating beneath the tiled 
floor, the smoke escapes by a chimney into the open air. In this 
arrangement it is obvious that the apartment is warmed by the con- 
duction of caloric from the warm tiled floor to the air of the room; 
and as this conduction proceeds slowly, the tiles retain heat. enough to 
warm the room many hours after the fire has been extinguished. 

Before the improved methods of warming factories came into use, 
Mr. Strutt, of Derby, devised a form of stove which, under various 
modifications, was called the “cockle stove,” the “ Derby stove,” and 
the “ Belper stove,” for warming his cotton-factories. In these stoves 
the fire was contained in an iron receptacle, shaped sometimes cylin- 
drically, sometimes rectangularly ; and at a certain distance from it, 
encompassing it on every side, was a brick casing or envelope, so that 
a body of air existed between it and the fire-box. The fire-box had 
three openings to the exterior, one to introduce the fuel, one for an 
ash-pit and air-vent, and one for a chimney; the exterior envelope 
had two openings, wholly distinct from the others, one to carry off 
heated air to the various rooms of the factory, and another to admit a 
renewed supply of fresh air. Dr. Fyfe describes an arrangement 
adopted in a church, which may bag be taken as a fair example of 
a numerous class of instances. The body of the church is warmed by 
two stoves about four feet high, made of cast-metal, and shaped nearly 
like a bell. A square ash-pit, about a foot high, rests on four balls, 
and supports a fire-box or furnace. Concentric with this fire-place is 
an outer case ; the space between the two containing the air which is 
to be warmed. ‘The usual adjustments are provided for the introduc- 
tion of fuel and of air to feed it, for the exit of smoke, for the entrance 
of fresh air to the air-chamber, and for the exit of the heated air to 
perform its wonted office. The air-tubes, communicating with the 
air-chamber of the stove, are conveyed along the lower edge of the 
gallery of the church; and small branch pipes opening from them at 

lar intervals give out a stream of hot air which mingles with the 
cold air of the building. The fires are lighted early on the Sunday 
morning. From this time till the ation assembles the fires are 
constantly supplied with fuel, and a supply of heat is thus kept up 
sutticient to warm the whole interior of the church during the time of 
divine service. A stove such as this is likely to give a tainted and 
offensive character to the air, like the common German stoves, unless a 
rapid current be kept up. Hence a change has been occasionally intro- 
duced, by having the outer casing made of brickwork, instead of metal, 
and by making its dimensions much larger, an arrangement which heats 
the outer case less intensely, and provides a larger body of air heated 
to a lower temperature, 

Very numerous varieties of the hot-air apparatus have been brought 
into use; but the principle on which they all act can readily be under- 
stood. When the nave and dome of deg ‘aul's sthedn were secondly 
titted for Sunday evening services during the winter, six stoves, 
eastecaed ona pes devised by Mr. Goldsworthy Gurney, were placed 
in the crypt. Gratings admitted the heated air from these stoves into 
the body of the cathedral. The vitiated air escaped by openings at 
the top of the dome. Each stove was a cylinder, with radiating wings 
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all round. It stood in a vessel of water. The hotter the stove, the 
more the water evaporated, so as to keep the air in a proper hygro- 
metric state. The steam generated from this water also carried off the 
heat from the iron quickly, and thus aided in warming the building, 

Warming by Steam.—The employment of steam-boilers in large esta- 
blishments where steam-engines are worked, is one of the circumstances 
which have led to the very extensive adoption of the method of warm- 
ing by steam. A marked difference is observable in the principle of 
this method, as compared with that of hot-air warming. The heated 
agent, that is, the steam, is not permitted to mingle with the air of the 
room which is to be warmed, but acts through the medium of the 
metallic tube which confines it, and which it raises to a tem 
—— to warm the room, without imparting a burnt quality to 

e air, 

The general arrangements of a steam-heating apparatus, as suggested 
by Mr. Scott Russell, are somewhat as follows :—At a convenient part 
of the building, and as low as possible, there is to be placed a close 
steam-boiler of the ordinary construction, From this boiler a small 
steam-pipe is to be carried to the part of the building which is to be 
warmed. This small pipe should be pretty thick, and carefully rolled 
round with a bandage of flannel to the thickness of a quarter of an 
inch, and the boiler should be wholly covered with bricks and plastered’ 
over to keep in the heat, This smaller steam-pipe should have an area 
of one square inch for every six gallons of water that the boiler can 
boil off in an hour. Pipes of a larger size are to be laid round the 
room above the floor ; or under the floor, if apertures be left to allow 
a free circulation of warmed air to enter the room. Into these larger 
pipes the steam is to be conducted, and in them the steam will be con- 
densed into water, giving out its heat to the colder air of the room 
which is in contact with the outside of these pipes. Small leaden or 
tin pipes must be provided, for the purpose of bringing back this 
condensed water into the boiler, for which movement a gentle slope is 
given to the pipes. The water thus returned, being again heated in 
the boiler and converted into steam, is again made to ascend and give 
out its caloric to the room which is to be warmed. 

The efficacy of this mode of heating depends on the great capacity 
for heat which steam , a capacity equal to 1000°; that is, a 

und of water at 212° will absorb a thousand degrees of heat in 

ming a pound of steam. Steam will thus communicate as much 
heat as a mass of red-hot iron; and it will have this advantage over 
the iron, that it can carry this heat to a distance without a similar 
loss, because the heat, being latent, will not be given out until it arrive 
at its destination and become condensed, when the whole of its 1000° 
will be usefully applied. 

Tredgold, Mr. Scott Russell, Dr. Arnott, and other writers on this 
subject have given the results of their calculations as to the quantity 
of steam and steam-pipe thus required. Dr, Arnott, after taking into 
account the loss of heat through the thin glass of windows, through 
the thick walls of buildings, and through various openings and crevices, 
arrives at the following result :—In a winter day, with the external 
temperature at 10° below freezing, to maintain in an ordinary apart- 
ment the agreeable and healthful temperature of 60°, there must be of 
surface of steam-pipe, or other steam-vessel, heated to 200° (which is 
the average suriace-temperature of vessels filled with steam of 212°), 
about one foot square for every six feet of single-glass window of usual 
thickness; as much for every 120 feet of wall, roof, and ceiling of 
ordinary material and thickness; and as much for every six cubic feet 
of hot air escaping per minute as ventilation, and replaced by cold air. 
A window with the usual accuracy of fitting is held to allow about 
8 feet of air to pass by it in a minute; and there should be for ventila- 
tion at least 3 feet of air a minute for each person in the room. 
According to this view, the quantity of steam-pipe or vessel needed, 
under the temperatures supposed, for a room 16 feet square by 12 feet 
high, with two windows, each 7 feet by 3 feet, and with ventilation by 
them or otherwise at the rate of 16 cubic feet per minute, would be— 


For 42 square feet of glass, requiring 1 footfor 6= 7 
sy 1238 fect of wall, ceiling, &c., ,, 1 foot for 120 = 10 
s» 16 feet per minute ventilation,, 1 foot for 6= 2 


20 


that is 20 feet of pipe 4 inches in diameter, or any other vessel having 
the same extent of surface. 

Mr. Scott Russell's calculations had relation to the quautity of water 
and of fuel required, as well as that of the steam-pipe ; and he arrives 
at the conclusion that a room containing 500 cubic feet of air, and 
exposing 400 feet of surface, may be maintained at a temperature of 
20° above that of the air without—that is to say, at 60° in the inside 
of the room when the atmosphere is at 40° without—for a space of 
twelve hours, by the evaporation of two gallons of water, and at the 
expense of about three pounds of coal. ‘This calculation rests on the 
maintenance of the uired temperature so far as the room and its 
contents are concerned; but the change of the air requisite for a 
person living in the room disturbs the formula, and brings into it 
many new elements, 

This mode of heating pre Be adopted to a large extent in 
Lancashire, Yorkshire, and Cheshire, in the steam-power factories. 
In the cotton-mills, woollen-mills, flax-mills, power-loom factories, dye- 


works, bleach-works, print-works, &c., the facilities for producing an 
uninterrupted supply of steam are so great, that the steam 
eae becomes far the most economical that can be em 

rrell's cotton-mill at Stockport be taken as an exemplification of 
a large class of such buildings. This mill is situated on the banks of 
the Mersey, and occupies a ground area of 280 feet by 200 feet. It is 
six stories in height, and has several distinct apartments 280 feet in 
length each. the preparatory are effected in the upper 
stories ; while the mech ran and fini are conducted below; but all 
the whole 


the building, where the boilers are situated, which furnish not only 
this supply of steam, but also that required by four steam-engines 
employed in the mill, The steam is admitted to the heating-pipes in 
quantity proportionate to the coldness of the weather. ’ 

A very large structure at New York, presented to he ae 
museum and lecture-room, and called the Union Building, a 
good example of the steam-heating system. There are no less than 
eight miles of small pipe in the basement, filled with high- 
pressure steam. A fan-blower, twelve feet in diameter, sends a vast 
of air rapidly through the pipe-rooms; and the air thus warmed 
its way into spaces beneath every floor, A hole of one inch diameter is 
made through the floor under every chair or seat in the lecture-hall, 
2300 in number ; up these holes warm air is sent in winter, and cold 
air in summer, 

Warming by Hot Water.—The principle on which the hot-water 
method is founded is different from all the others which have passed 
under our notice. When a vessel of water is heated, the water does 
not become hot by the conduction of caloric from particle to i 
but from the ascent of heated particles from the bottom, we 
suppose the heating agent to be applied, to the upper strata, This is 
proved from the circumstance that if heat be applied only to the 
surface of the water in a vessel, it is by extremely slow d that 
the lower strata becomes heated. Heat being applied to the bottom of 
a vessel, the lower strata of particles, becoming specifically lighter than 
before, ascend, while the colder particles at the surface descend to 
supply their place; and hence a series of ascending and descending 
currents is formed. Now, if, instead of having the heated water 
only in a vessel, it ramify also through closed tubes connected with 
the vessel, the ascending and descending currents may be 
through different parts of a building, besides the room where the 
vessel itself may be placed, The heated water, rising to 212”, or to any 
temperature depending on the fire to which it is exposed, gives out 
heat to the metallic pipe through which it and this pipe again 
communicates heat to the air of the room. Hence the operation of this 
method of warming depends on the circulating, or ascensive and descen- 
sive property of heated water, by which the portions of pipe farthest 
removed from the fire become as much heated as those in its immediate 


vicinity. 
Where all the apartments to be warmed are on one level, an open 
boiler may be ; but where it is necessary to the pipes to 


carry | 
different floors of a building, some of them much above the level of 
the boiler, the boiler must in that case of necessity be closed. When 
an open boiler is employed, a pipe branches out from the upper part of 
the side, extends horizontally through the rooms to be warmed (with- 
out in any case rising above the level of the water in the boiler), and 
returns in to the boiler, which it enters at a lower level than the 
other. Under this arrangement a current of heated water will flow 
from the boiler at the upper orifice, and, after traversing the tube, 
return to the lower orifice. A closed boiler is, however, more exten- 


square inch, The whole — of water circulation is brought to so 
high a temperature, that the metal of the pipes warms the air of a 
large building very speedily. = 

Many large and important buildings are warmed on one or other of 
these two hot-water systems—mostly on that with the closed boiler, 
The hot-water apparatus put up by Mr, Perkinsin the British Museum, 
wet warming the rooms ry: used by sat ced seating plan 
which is adopted for warming the presen it ing-room, 
This room is acid by three boilers, the furnaces of which consume 
their own smoke. Main pipes conduct the hot water from these 
boilers to smaller pipes, which bring it into the room, and the water then 
returns by other pes the same boilers. There is an air-shaft 
which reaches the i ll height of the building, having windows in it to 
admit fresh air, There isa fan, or blower, at the bottom of the shaft. 
Air is forced from the shaft through valves into arched brick ¥ 
whence it cannot return. This air is filtered through a wire sieve, 
and is then conve; up into the ing-room—not to warm it, but 
to keep up a supply of pure air. The doors of the room are made 
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double, insomuch that nearly all the air that enters it comes from 
is shaft. There are pipes under each table, and valves above the 
tables to admit warm or cold air ing to the season of the year. 
The new Houses of Parliament are also warmed by a modification of 
the hot-water system. ‘ 
Another large structure, the warming of which may be adduced as an 
this system, is St. George’s Hall, at Liverpool. Furnaces 
boilers send hot water through about a mile of 4-inch pipe. A 
fan, worked by a 10-horse power steam-engine, draws in the external 


it 

halls and courts by apertures in the walls and floors. The temperature 
of the pipes rarely exceeds 90°. There are 120 fire-places and flues of 
various kinds; but there are no chimney-pots, and no smoke is made. 
are open fire-places in many of the rooms, in which coal is used 

been partially burned, but not actually coked, previously. 
little smoke there is escapes, together with the vitiated air, up 
fi the four corners of the hall; these flues have curved deflectors 
outside, and louvres inside, to shield the ascending currents from eddies 
wind. There are vast air-chambers between the ceiling of the hall 
the outer roof, to carry off the respired air and the products of 
the combustion of the gas lights. 

Ventilation.—There is an important, but often neglected circum- 
stance attending the artifical warming of buildings: namely, that the 
amount of fresh air, requisite under any condition for animal res- 
_— must be more and more increased in proportion to the fuel 

in the room; or, more correctly, there must be one portion 


5 
g 


hour?”—there were no means of determining the proper amount of 
air necessary to be supplied in a building where close stoves are used, 
or where the methods of warming by heated air, by steam, or by hot 
water are 


inspira- 

tions are made in a minute, vitiating, therefore, three hundred cubic 
inches, or nearly one-sixth of a cubic foot, of atmospheric air, but 
which, mixing as it escapes with several times as much, renders unfit 
for respiration at least two cubic feet under common circumstances.” 
Tredgold makes a very different estimate of the quantity of air respired 
in a minute, and introduces other items into his calculations. In the 
first place he reckons the average number of respirations per minute 
twenty, and the number of cubic inches of air inspi i 
; 80 that the air di vitiated amounts to eight hundred 
per minute. He next takes into consideration the vapour 

mixed with the respired air, and the insensible perspiration always 


lamps, &c. are > aaa and in lieu of the air vitiated by this combus- 
oberg on what data does not clearly appear) that one-fourth 
a cul 


fresh air per minute for every individual will be 
the atmosphere of the room on this 


This su ion, of four cubic feet of fresh air per minute for each 
individual in a room artificially lighted, of course involves the con- 
dition that an equal quantity of vitiated air minute must be 
allowed to escape; and the inquiry naturally follows, How does this 
escape take place? Carbonic acid gas is heavier than atmospheric air ; 
but there are three circumstances which render respired air rather 
ligh ter than the general air of a room: namely, the existence in it of 

and vapour, both of less specific gravity than air, and the 

ee the respired air than the air of aroom. From 

these circumstances combined, it is found that respired air ascends 

to the upper part of the room; and it follows that the ceiling, or some 
ighbouring part, is the proper place for an outlet. 

In the majority of buildings erected, there is no account what- 
ever taken of the means for insuring ventilation. The fire-places 
S thoagha tear the a seep and the doors hung without 
a it being to means of effecting a constant change of 
the air contained witht sates toy = . mscep that in 
most English rooms, provi as are with tolerably large open 
fire-places, and with doors which are frequently opened, the ventilation 
is sufficiently complete, The fresh air enters the room by the open 


window, the lower part of the open door, and any crevices which may 
exist at a small height from the floor ; while the vitiated and specifi- 
cally lighter air escapes partly up the open fire-place and chimney, 
partly near the upper extremity of the open doors, and partly by 
crevices around the doors and windows generally. In crowded rooms, 
however, where the amount of vitiated breath bears a much larger 
ratio to the cubical contents, and where the doors are generally small 
compared with the height of the room, the impure air cannot escape 
by these means, and some arrangements must be made near the 
ceiling for the removal of the air. These methods are chiefly of two 
different kinds; the one by the use of a revolving wheel or fan, and the 
other by the action of a chimney or tube. 

We sometimes see one of the upper panes of glass removed from a 
window, and its place supplied by a revolving fan, as a means of ven- 
tilating the appartment. This fan or wheel is provided with radii 
formed like the sails of a windmill, or the blades of a screw-propeller, 
so that any force which sets the wheel in motion will cause a current 
of air to pass obliquely between them. But in this case the fan is 
made to reyolve merely by the impulse of the air itself, and is not 
under the control of the inmates of a building. A more complete 
exemplification is presented by the arrangement of the large cotton- 
mills of the North. A fan-wheel, fan-ventilator, or wind-fan (for by 
all these names the contrivance is known), being placed in any con- 
venient position, is set in motion by the steam-engine of a factory, and 
by its rotation draws out the vitiated air from a series of rooms with 
great rapidity. The following is one variety of wind-fan used in the 
factories. It consists of two cast-iron end-plates, a A, having a central 
circular opening, c c c, from the circumference of which the outline of 
each plate spirally, the point nearest the centre being near d, 
and that farthest off being under & (Fig. 1), These two parallel plates 
are connected by bolts, aaa; a mantle of sheet-iron being previously 
inserted into grooves cast in the edges of the end-plates so as to enclose 
a cavity with an elongated outlet at B, to which a pipe is attached for 


Fig. 1. Fig. 2. 


carrying off the vitiated air in any direction. Within this cavity a shaft, 
©, revolves, in bearings, b b, placed centrally in the frame-plates, a A, 
and cast in the same piece. On this shaft a boss is wedged fast, 
bearing five flat arms, ¢ ec, to which are riveted five flat plates or 
wires, of the shape shown between a and a (Fig. 2), having a semi- 
circular piece cut out of them on each side, about the size of the end 
opening. On one end of the shaft, 0, beyond the box-bearing, the 
loose-and-fast pulleys, D, are fitted for receiving the driving-band, and 
for turning the wings in the direction shown by the arrow. Thus the 
air is driven before them out of the end orifice, B, while it enters by 
the side openings at cec (Fig. 1). By the centrifugal force of the 
revolving wings, the air is condensed towards their extremities, and 
makes its escape from the pressure through the orifice, B, while it is 
continually drawn in at the sides by its tendency to restore the 
equilibrium. 

At the Reform Club-house a steam-engine works a revolving fan, 
capable of throwing 11,000 cubic feet of air per minute into a sub- 
terranean tunnel under the basement story; and the steam of con- 
densation, from the small steam-engine which works the fan, supplies 
three cast-iron chests with the requisite heat for warming the whole 
building. A plan of ventilation has been adopted at the General Post- 
Office, in which the fan is used. he fan, worked by a steam-engine, 
draws fresh air down a shaft; the air is filtered through fine wire- 
gauze, and then sent up into all the rooms through pipes pierced with 
small holes. 

The second mode of effecting ventilation, namely, by the use of a 
tube or chimney opening into the air from the upper part of an 
apartment, depends for its action on the ascensive power possessed by 
a lofty aérial column. As the “draught” of a furnace-chimney carries 
up the smoke, &c., more rapidly if the chimney be very lofty, so does 
a lofty chimney exceed a low one in carrying off vitiated air: and for 
the same reason, even if no chimney, properly so called, be provided, 
a lofty room, furnished with appropriate openings in its ceiling, will 
furnish a draught to carry off impure air more rapidly than a low 
room ; and in many of our public buildings this arrangement is deemed 
sufficient. 

Dr. Reid, when the temporary House of Commons was being pre- 
pared, introduced the system of an artificial draught. A circular 
shaft was built, 120 feet high, and from 8 to 11 feet in diameter. A 
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large fire was maintained at the bottom of this shaft, which caused a 

werful draught; and the draught sucked out all the vitiated air 
the building, by a tunnel connecting the basement story with the 
shaft. The vitisted. air in the House ascended by apertures into a 
space above the ceiling, and thence descended by pipes to the tunnel 
which conveyed it into the shaft. The experience derived from this 
arrangement led to many improvements in the ventilation of the pre- 
sent Houses. Mr. Goldsworthy Gurney here employs mechanism, by 
which fresh air is drawn in from some of the open courts, and after 
being filtered through a wire-gauze screen, is made to paas over steam- 
heated boxes ; it is moistened by jets of y, and enters the floors of 
both Houses through holes covered with horsehair cloth. In sum- 
mer the air is cooled by the wet spray, and does not come into 
contact with any heated surfaces. Besides this mode of ing the 
two principal y Brexronng there are steam-pipes to various parts of the 
building. A large coke fire produces a draught, which drives the 
vitiated air out of openings near the ceiling. 

The modern ss ppees of the two main principles of ventilation— 
the production of a current by a rotating fan, and by the ascensive 
force of heated air—are very varied. We can only notice a few of 
them. One of the simplest and best known is Dr. Arnott’s chimney 
valve, for ventilating ordinary sitting-rooms. The air of a room, 
vitiated by breathing, smoking, &c., ascends, but cannot easily escape, 
because there are no openings near the ceiling; it contaminates all the 
air above the level of the chimney opening. A chimney valve corrects 
this. A hole is made from the side of the room into the chimney, 
near the ceiling. An iron door or valve is fixed in the opening, so 
nearly balanced as to open or close with great ease. When opened, 
the air in the upper half of the room enters by virtue of the draught 
in the warm chimney, 

Lesure’s method of ventilation, introduced in 1857, draws in cold 
air from the atmosphere, warms it, discharges it near the ceiling, and 
sends off the impure air from a room without mixing with the pure 
warm air. To effect this, a fire is lighted in a small stove or furnace ; 
the products of combustion are carried at once through pipes into the 
chimney ; and air enters through a hole in the outer wall, by a channel 
to a receptacle beneath the fire-place, into the interior of a casing sur- 
rounding the stove, but not in contact with any part of the fire or 
stove. The air becomes heated during its passage,and at the same time 
moistened by steam from a basin of water placed within the case; it 
escapes through an opening into the room, by Jateral apertures 
parallel with the ceiling. As the upper parts become filled with 
warm air, the foul air finds its.way to the fire and the chimney. In 
Wemyss's plan, introduced in 1859, an adjustable gridiron slide is 
fitted up in the wall near the ceiling, the inner side flush with the 
wall. The slide governs a passage into a metal chamber, fitted into a 
hole in the wall behind the slide. The chamber has two passages, one 
to admit the passage of fresh air, the other of foul. There is a venti- 
lating fan at the outer end of the chamber. A cord easily moves the 
sliding valve, so as to make it open or close ; and the ehamberis made 
telescopic, to suit it to the thickness of the wall, M’Kinnel’s patent 
ventilator, introduced in the same year, is intended to ventilate 
carriages and ships as well as houses and public buildings, It is 
planned to obviate certain evils arising from having the abduction 
tubes, to draw off foul air, near the roof or ceiling, and the induction 
tubes, for admitting fresh air, near the floor ; in all such arrangements 
there is a cold current in the lower part of a room, productive of many 
inconveniences. To remedy this defect, Mr. M’Kinnel proceeds as 
follows. Two concentric tubes rise from the ceiling of the room to be 
ventilated, the inner one to a greater height than the outer. Both have 
access, in various ways, to the outer atmosphere. The vitiated air of 
the room escapes through the inner tube, while the pure air from with- 
out descends through the annular space between the two tubes. Both 
Passages have wire gauze screens to ward off rain, soot, &c.; and 
valy mechanism to regulate the currents. A lower apartment may 
be ventilated in a similar way, by having the ascending and di i 
flues in the outer walls, and a horizontal tube between the ceiling of 
the room and the floor of that next above it. 

The ventilation of hospitals has received much attention in France 
and other parts of the Continent. Dr. Van Ecké introduced a system 
in Belgium, which has been copied in some of the French hospitals, on 
the recommendation of a commission presided over by Dr. Grassé, 
A stove called a calorifére is placed in the basement story. Air from 
the garden of the hospital descends a shaft, horizontally into 
the basement, and thence through the stove. The air warmed in the 
stove passes over a pan of water to imbibe moisture, and then ascends 
to the wards above. In warm weather the air from the garden is 
made to pass up into the wards without through the calorifére, 
pa! turning a regulating valve. Thus all the air admitted to 

ave: Ar derived from the garden. The warmed air enters each 
story at the centre of the floor, through small holes, Some of the 
warm air is in an inner tube, and ascends to the next nen aes 
and so on, up to the top range of rooms. The foul air rises from the 
four corners of each ward, up pipes to the loft, and then to a central 
drum or shaft. A small steam-engine works a fan to draw out the 
foul air more quickly. The smoke from the engine fire and from the 
calorifére is made to warm a maas of air carried up to the drying-room 

of the laundry. In England, Dr, Arnott has ventilated the York 


_also appointed; but as he could not assist in the 


County Hospital in a peculiar way. There is an air-cylinder with a 
capacity of 125 cubic feet, moving up and down eight times ina 
and connected with a beam having a central pivot. A column 
water, 60 feet high, produces a pressure which forces air into th 
cylinder - ‘atiaing. the cylinder 2000 cubic feet per minute is 
into the building. 

This subject, the ventilating of hospitals, is connected 
acrhalay sree og by Dr, Stenhouse, to use charcoal 

or 


ig 


tilating filter for ships and sick rooms. The an i of 
charcoal are well shy Dr, Stenhouse ney vg Ho 
sheets of wire-gauze, enclosing a thin layer wdered charcoal ; and 
to place this aj wi er foul air is ly to pass. In some 
cases it would be well to em a ventilating fan, to forcea 

of the air through the filter. Dr. Stenhouse that if a layer of 
coarsely-powdered charcoal were under the floors of kitchens and 


We may advert, lastly, to an inquiry made in 1859, at the instance 
oe Sat Sat eee commission isting of Mr. 
Fairbairn, Mr. Glaisher, and Mr, Wheatstone. Dr. Lyon Playfair was 


not sign the report. The inquiry was generally into the 
warming and ventilating buildings. Experiments were made in the 
board-room of the General Board of Health, on the temperature of the — 
air, walls, and floor, and on the hygrometric state of the air. Then at 
the Wellington Barracks, in different soldiers’ rooms, heated by differ- 
ent kinds of open fires. Other experiments were made to determine 
the effect of duplicate panes of glass; and to determine the chemical 
and general state of the air. 

Among the results at which the commissioners arrived were the 
following :—Smoke from almost all fires for warming rooms may be 
avoided. ll fire-places ought to be constructed to the forma- 
tion of smoke at all. The ventilation of rooms ought not to be 


flues should be of much smaller dimensions than is customary. T' 
flue should not be situated in the outer wall of the house, so as to 


osing aperture, placed far back to increase the intensity of 
bustion. Fire-brick linings should be used. Sunken ash 
hidden ash should be provided. The grate is best placed when visible 
from the greatest number of places in room 
mass in it should be broad rather than deep. 
agreed with Dr. Arnott, that the grate should not be so near the floor 
as is now customary in the better kind of houses. 

The ventilation of mines is noticed under Mrninq. 

To those who wish to study this subject in detail, we 
volumes on Warming and Ventilation by Tredgold, Hi Richardson, 
Arnott, Sutton, Jebb, Lloyd, Burn, Bernan, Reid, and Perkins. 
parliamentary Blue Books relating to the new Houses of Parliament, 
and to the proceedings of the Board of Health, also contain much 
information on the matter. A cheap, useful, and well-illustrated com- 
pendium of the whole subject will be found in Tomlinson’s ‘ Treatise 


on Warming and Ventilation,’ forming part of Weale’s Rudimentary 


low-water, and the water 
is allowed to run out slowly; it leaves a coating of mud or sediment, 


corn will grow on the new 
at first it looks like barren mud; but it soon dries to a better texture, 
and ultimately produces very extraordinary crops. 
decrease, and its surface is still below high-water 
warping, like the inundations of the Nile, immediately restores the 
fertility. What is curious, is the almost total absence of 

matter in the warp-soils, or rather, its intimate combination the 
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earths, so that it is not readily separated from them. It is neither 


like clay nor sand, but something between the two, soft to the touch, 
but not hardening into lumps when dry: neither very porous nor 
very retentive of moisture. The principal earth is silica, in a very 
fine state. It generally contains a portion of calcareous matter, 
probably from comminuted shells. It produces beans, oats, potatoes, 
and wheat in abundance, without any manure. It isadmirably adapted 
to the growth of flax, especially when the warp is of a good depth. 

The principal expense in warping is the sluice, and the canal through 
which the water is conducted over the land ; the longer this latter is, 
the slower the process, as much warp is deposi in the canal, which 
has sometimes to be dug out, Accurate levels must be taken, or 
much expense may be incurred uselessly, if the water will not cover 
the surface to a sufficient depth. 

It is of little consequence what the soil was originally; for a new 
soil is deposited overit. It should, however, not be too wet nor marshy : 
a us soil is best, as this becomes the subsoil. All the inequalities 
which existed before, are obliterated by the warping, which fills 
up all-cavities, and leaves a perfectly level surface, The fertility of 
warped land naturally leads to the conclusion that silica, in a very 
comminuted state, becomes best adapted for the roots of plants to 
shoot in, and to supply them regularly with the moisture necessary to 
their vegetation, and that their chief nourishment is derived from the 
atmosphere, since very little organic matter can be detected in warp, 
and few mineral substances besides the earths, 

WARRANT. A warrant isa delegation by A, who has power or 
authority to do some act of that power or authority to B. Thus, a 
man having, of course, power to act in and manage his own concerns, 
may give a warrant of attorney to another to act or manage on his 
behalf. A sheriff who has power to arrest, &c., may give a warrant to 
his bailiff to act for him. A landlord who has power to make a distress 
upon his tenant, may give a warrant of distress to another for that 
purpose. A magistrate who has power to bring before him persons 
who are within his jurisdiction, and reasonably suspected of having 
committed certain offences, may make a warrant to others to do that 
act. A warrant, which should be in writing, ought to show the 
authority of the person who makes it, the act which is authorised to 
be done, the name or distinct description of the party authorised to 
execute it, and of the party against whom it is made ; and in criminal 
cases the grounds upon which it is made. The sense in which the 
word “ warrant” is more generally known relates to criminal matters. 
A justice of the peace has power within his own jurisdiction to appre- 
hend a person whom he has seen commit an offence over which he has 
jurisdiction. He may also verbally direct, that is, give a verbal warrant 
to others to arrest such person in his own presence. He may also give 
a warrant in writing to apprehend in his absence such person, or any 
person against whom he has reasonable cause of suspicion from the 
information of others. The warrant should always be under the hand 
and seal of the justice, It should be addressed to the constable or 
constables, or to some private person by name, and the constable or 
the private person acting within the justice's jurisdiction will not be 
liable for any of the consequences of obeying a proper warrant. The 
warrant should name the person against whom it is directed. A war- 
rant to hend all persons suspected, or all persons guilty, &c., is 
illegal ; for the discretion as to pointing out the individual n to 
be is vested in the justice, not in the officer. The law as 
to this was expressly laid down by Lord Mansfield in the case of Money 
v. Leach, 3 Bur. 1742, where the warrant, being of the form called a 
general warrant, and which had been in use since the Revolution down 
to that time, directing the officers to apprehend the “ authors, printers, 
and publishers” of the famous No, 45 of the ‘ North Briton,’ was held 
to be illegal and void. The warrant should also set forth the time and 
place of making it, and the cause for which it is made. A warrant 
may be to bring the party before the justice granting it, or before any 
justice of the same county. A warrant of a justice of one county 
cannot be executed in another until it has been backed, that is, signed 
by some justice in that other county, and the same provision has been 
also enacted with respect to warrants granted in any one of the three 
kingdoms, and requiring to be executed in any other. But a warrant 
granted by one of the judges of the Court of Queen’s Bench is tested 
in England, and may be executed in any part of the kingdom. A 
warrant is in force until it has been executed, if the justice granting it 
be still alive. An officer to whom it is addressed is indictable if he 
neglects or refuses to act upon it. He is justified in apprehending the 
party at any time, and in teoaliog open the doors of a house, but he 
ought first to make known to those within the cause of his coming, 
his authority, and to request their assistance. After the party is 
apprehended, the officer ought forthwith to carry him wherever he is 
directed by the warrant authorising the apprehension. Much of what 
has been said as to a warrant of apprehension is equally applicable to a 
Warrant of Commitment, which is the document by which a justice 
authorises a commitment of a party to prison, either to suffer a sum- 
mary punishment or to await his trial. The same matters are essential 
as to showing the authority,.the parties, the cause, and the purpose of 
the warrant, and these latter should appear distinctly, be lawful, and 
not be in the disjunctive. A Search Warrant is a document which 
authorises a search to be made for stolen goods, ‘ 

A Warrant of Attorney is an authority by which a man authorises 


another to do an act for him, on his behalf, or as his agent or deputy. 
(Lerrer or Power or ArrorneEy.] But the term is most commonly 
applied to cases where a party executes an instrument of that name 
authorising another to confess judgment against him in an action for a 
certain amount named in the warrant of attorney. It is generally 
given as a security by one who is, or is about to become, the debtor 
of another. The advantage of it is, that, by putting it into effect, the 
creditor obtains a judgment against his debtor at once, and has all 
the advantages of a judgment creditor, without the risk, delay, and 
expense of an action. There is frequently a condition attached, that 
it shall be defeated and become void upon the making of certain pay- - 
ments, or the doing of certain acts. In all such cases it is necessary 
that the defeasance, or condition, shall be written on the same paper 
or parchment as the warrant of attorney, and a copy of the whole 
filed in the Court of Queen’s Bench within twenty-one days after the 
execution. Otherwise, in case of bankruptcy or insolvency of the 
party making the warrant of attorney, it will be void as against his 
assignees. 


ignees. 

WARRANT OFFICERS area class of important subordinate officers 
in the Royal Navy. They are divided into three grades,—gunners, 
boatswains, and carpenters—and each grade into three classes. We 
have already explained the duties of a gunner [GunneER, Nava], and 
of a boatswain [Boatswain]. The duties of a carpenter are multifa- 
rious and onerous. He has the general charge of the ship’s hull and 
spars, &c., and is supposed to be an able shipwright, and a well-informed 
mechanic, The heaving down and repairing (by shifting part of the 
keel) of H.M.S. Formidable of 80 guns at Malta, some years since, 
under the suggestion and directions of a carpenter's mate, which 
elicited the special thanks of the Board of Admiralty, may be quoted as 
an instance of the nature of what is at times required of those who 
bear the inappropriate designation of ship-carpenter, as well as of the 
talent and resources to be found amongst them. 

WARRANTY. 1. The doctrine of warranty of lands was formerly 
one of the most important parts of legal learning, but ‘the effect of 
warranties having been gradually reduced within very small compass, 
the subject has now become of little practical use ; still it is necessary 
for those who would properly understand the English law of real pro- 
perty to pay some attention to this difficult subject. 

Warranty existed in the civil law, and was defined to be the obliga- 
tion of the seller to put a stop to the eviction and other troubles which 
the buyer may sustain in the property purchased. By eviction is 
meant the loss of either the whole or a part of the property by reason 
of the right which another has to it. The other troubles referred to 
are those which, without affecting the property of the thing sold, 
diminish the beneficial interest of the purchaser, such as a claim to a 
usufruct, or a rent issuing out of the lands, This warranty was either 
in law, being that security which every seller is bound to give to a 
purchaser for the maintenance of his title to the property sold, though 
no stipulation to that effect was made at the time of the sale; or in 
deed, being that kind of particular warranty on which the seller and 
buyer agree. (Domat., 1. 1, t. 2, s. 10.) 

Warranty of lands in the English law is of feudal origin, and is 
derived from the obligation of the lord to defend his tenant’s title 
against all claimants. If the tenant was evicted, the lord was bound 
to make him a recompense by giving him other lands of equal value. 
Every tenant holding of his lord time out of mind, by what was termed 
homage ancestral, was entitled to this warranty. The statute of the 
18th of Edward I., commonly called the statute of Quia Emptores, - 
which prohibited the practice of subinfeudation, and authorised the 
free alienation of property, put an end to the homage ancestral, and 
consequently to the implied warranty annexed to it. To avoid the 
effect of this, when the lord aliened, the tenants, before they attorned 
to the new lord, required a new warranty from him; and when the 
tenant aliened, it was with an express clause of warranty from himself. 
These express warranties were introduced even prior to the statute of 
Quia Emptores, in order to evade-the strictness of the feudal law as to 
non-alienation without the consent of the heir; for though he might, 
on the death of his ancestor, have entered upon any lands aliened 
without his consent, the covenant of warranty descending upon the 
heir operated as a confirmation of the title of the grantee by obliging 
the heir who evicted him to yield the grantee a recompense in lands of 
equal value, This doctrine, it is said, was founded on the supposition 
that the ancestor would not wantonly disinherit his heir, who therefore 
was presumed to have received a recompense either in land or money 
which had purchased land, and that this equivalent descended to the 
heir, together with the ancestor's warranty. 

This doctrine of warranty was the foundation of the assurance by 
way of common recovery [Recovery]; but the use of warranties in 
conveyances had long gle superseded in practice before they were 
practically abolished by the statute 3 & 4 Wm. IV., c. 27 & 74. 

All the learning upon this subject will be found in ‘ Coke upon 
Littleton, with Hargrave and Butler’s notes. 

2. Warranty of things personal.—By the civil law an implied warranty 
as to the vendor's title was annexed to every sale, and in our law also 
a pussneers of goods and chattels may have satisfaction from the seller, 
who sells them as his own and whose title proves deficient. But the 
vendor is not bound to answer for the quality of the wares purchased 
(except in the case of articles of food, for human consumption), unless 
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he expressly warrants them to be sound and good, or unless he knew 
them to be otherwise, and has used art to disguise them, or has mis- 
re ted them to the buyer. 

o particular form of words is necessary to constitute a warranty, 
and a bare representation or description of the quality may amount to 
a warranty if there be nothing to negative such an understanding. The 
custom of any particular trade may establish an implied warranty 
between parties transacting business therein, it being presumed that 
the dealings of the parties were regulated by the custom in the 
absence of evidence to the contrary; but when there is express war- 
ranty, it cannot be affected by the custom of the trade. A sale of 
goods by sample is in effect a sale by warranty. hey or warranty 
that the goods sold shall be of a merchantable quality is implied when 
the vendee had not at the time of the sale an a of inspecting 
them, and when of course the general maxim of caveat emptor cannot 
apply. Also it seems that when a commodity is sold for a particular 
purpose, the seller must be understood to warrant it reasonably fit and 

roper for such a purpose, though at the time of sale the purchaser 
an opportunity of inspection. Where there is an express warranty, 
written or, it seems, even verbal, the vendee is not at liberty to avail 
himself of representations not embodied in the contract and made by 
the vendor without fraud. A general warranty will not extend to 
defects that are plain and obvious to the senses, and require no skill to 
detect, it being presumed that the purchaser knew of and bought 
subject to them. It seems to be settled that when goods are sold 
expressly “ with all faults,” the seller is not liable in respect of latent 
defects, though he knew of them, unless some artifice be practised to 
prevent the buyer from discovering them; but even in the case of a 
sale with all faults, the vendor will still be liable on an express war- 
ranty against a particular defect. It has been said that there cannot 
be a warranty against future defects, but there seems to be no good 
foundation for the doctrine. It seems that a warranty ought to be 
given during the treaty for sale or at least before it is substantially 
completed, and that a warranty given after the completion of a sale is 
not binding for want of consideration. It has been decided that in 
actions upon warranty it is not necessary to offer to return the goods 
before bringing the action, nor even to give notice of the breach of 
warranty to the seller, though of course the not having done so would 
be a suspicious circumstance in the plaintiff's case. If there has been 
no offer to return the goods, the measure of damages will of course be 
the difference between the sum given and the real value, as ascertained 
either by sale or estimation. If the warranty be accompanied by an 
express condition to take back the goods, if found defective, and return 
the price, the buyer ought to return the goods within a reasonable time 
in order to maintain his action : and if, after an offer is made to do so, 
the seller refuse to receive them, they remain at his own risk. 

There are certain rules which have been laid down with respect to 
sales of horses, one of the most common subjects of actions on warranty. 
The fact that what is termed a sound price is given fgr a horse, does 
not imply any warrant of its soundness, If at the time of the sale the 
horse has any disease, or has met with any accident which either does, 
or in its progress or results will diminish the usefulness of the animal, 
such a horse is unsound, and, therefore, a cough or temporary lameness 
which, though it may be curable and not permanently injurious, 
diminishes his present usefulness, is unsoundness. So any organic 
defect is unsoundness, and, therefore, a nerved horse cannot be con- 
sidered sound. Roaring is unsoundness if it proceed from disease or 
organic defect ; but crib-biting, it seems, does not amount to unsound- 
ness, though it is within a warranty that a horse was free from vice. A 
warranty of soundness is broken if the disease or defect existed at the 
time of the sale, though it could not then be detected, and did not 
appear till some time afterwards. The question of the soundness or 
unsoundness of horses is one peculiarly within the province of a jury 
to determine, and, therefore, a court will not set aside a verdict on 
account of the mere preponderance of contrary evidence, nor on the 
ground of an; ye in the nature of the unsoundness proved. 

WARREN, A Free Warren is a franchise which gives a right to 
have and keep certain wild beasts and fowls, called game, within the 
precincts of a manor, or any other place of known extent, ee, the 
owner of the franchise has a property in the game, and a right to 
exclude all other persons from hunting or taking it. It is laid down 
by Blackstone, that originally the right of taking and destroying e 
belonged exclusively to the king, and it is certain that this franchise, 
like that of a chace or park, must either be derived from a royal grant, 
or from prescription, which supposes a grant. The law is thus settled 


in the Case of Monopoljes, 11 ‘ Rep.’ 87, b. 

It does not ap t the crown ever had the right of granting 
free warren person over the lands of another, though such a 
right mig ‘oyed by prescription. The right of free warren over 
the land er might also arise under other circumstances, as 


when a man, having free warren over certain lands, aliened them, 
reserving the warren. (8 ‘ Rep.’ 108.) 

A warren may lie open, and there is no necessity of enclosing it, as 
there is of a (4‘ Inst.’ 318.) The beasts of warren appear to be 
only hares and rabbits; and the fowls of warren are partridges and 
pheasants, though some add quails, woodcocks, and water-fowl 
(‘Terms de la Ley,’ 589.) The grantee of free warren acquired thereby 
the right to appoint a person to watch over and preserve the game, 


called a warrener, who is justified in killing dogs, polecats, or other 
vermin which he finds disturbing or ee re (Cro, Jac. 45), 
and by 21 Edw. L,s. 2, entitled De Malef ibus, every forester, 
parker, or warrener was authorised to kill persons ing in 
ote parks, or warrens, who resisted and refused to render 


ves, 

The franchise of free warren has nearly fallen into disuse since the 
enactment of the modern statutes with respect to game, 

WARREN, FREE. [Warren] 

WARTS, the name of small tumours or excrescences which occur 
on the cuticle. a 
ised in their origin and course. The kere of aconical form, 

” 


embrace only a small extent of are insensible, and in 
colour are usually darker than the surrounding surface. In structure 
they have a radiated character. Their growth is slow, and they derive 


their nutriment from the cutis over which they lie. The parts of the 
body on which these excrescences most frequently occur are the hands 
and face, although they are by no means confined to these localities. 
They are of an innocent , and produce no ill co: 


nsequences, 
except by pressure, when — occur in such parts as between the 


ae and toes or on the btu ain . 

en stimulated strongly, they generally get smaller or disappear 
altogether. Hence the best mode of treatment is the application of 
stimulants. It is however a curious fact that they often disa 


under the use of the simplest remedies, when more violent ones have 


failed to affect them. The most effectual remedy is cutting them away. 
When this may be objected to, the caustic applications recommended 


are nitrate of silver, strong acetic acid, muriated tincture of iron, or — 


a powder com of subacetate of copper and sabine in equal 
ret or the application of a hair-pencil dipped in sulphuric or nitric 
aci , 

The thin integuments situated near the anus are often found to be 
the seat of excrescences having the character of warts. They are of 
all sizes, from a pea to an orange. When small, they may be removed 
by the application of the stimulants recommended above; and when 
large, they should be cut away with the knife. 

ASHING-MACHINES were originally employed in connection 
with textile manufactures; but the Americans have effected much 
towards rendering them also applicable to domestic use. : 

In the bobbin-net district around Nottingham, washing-machines 
are employed in great variety; for the delicacy of the fabric renders 
much more care n than in the washing of the woven goods 
made in Lancashire and the neighbouring counties, The dash-w 
in which centrifugal force is employed to wash and then to dry the 
goods, is much used, requiring steam power to work it. A kind of 
thumping machine called a dolly is sometimes employed ; but it is almost 
too coarse in its action for delicate fabrics; and so likewise are those 
machines in which fluted rollers work in contact. One mode adopted 
is that of forcing a current of air through the ley or washing liquid, 
and thus blowing out the dirt from the cloth without any rubbing. To 
effect this, a vessel is provided to contain the goods; a pipe connects 
it with a blowing apparatus, which may consist of any kind of fan or 
wind-producer, The goods, slightly soaped, are in soft water at 
a temperature of about 90° .; the vessel is covered over, and a 
current of air sent in from the blowing apparatus. 

Mr, Cottrill’s patent relates toa sort of triangular prism, two of 
which rotate on horizontal axes in a direction opposite to that in which 
yarns or woven goods are drawn through a tank; the angles of the 
prisms strike the goods as they pass, and thus wash Marck another 
machine by the same inventor, instead of prisms, two arms or cranks 
are employed, vibrating about an axis. y ing-machines are 
modifications of the cylindrical dash-wheels described under BLEACHING, 
and call for no detailed notice here. Some of the dash-wheels now 
used in the dye works, bleach works, and print works of Lancashire 
and Glasgow will wash 4000 piecesin a day. At the St. Nicholas Hotel 
in New York, washing is conducted for the visitors on a scale of surpri- 
sing magnitude and completeness. A cylinder is half filled with soap and 
water; three or four hundred garments of linen and cotton are thrown 
in; the cylinder is made to revolve by a steam-engine; steam is 
admitted to the bottom of the cylinder, rises through the water, and 
escapes at the top. In doing so, the garments in the cylinder are 
forcibly driven up, and then a current of steam in the opposite direo- 
tion forces them down again, By this process, repeated several times, 
and combined with the piece f movement of the cylinder, the 
garments are very quickly wash They are then gently dried in a 
centrifugal machine [Dryrnc-Macnines], and finally ex toa 
current of hot air. The linen is said in this way to be ed in ten 
minutes and dried in seven, very cheaply, and without injury to the 
material, The Hampstead Board of Guardians adopted, in 1860,a new 
washing-machine, cone ay of two ri oards ; the linen is 
pressed between the , slightly rubbed, turned over, slightly 
rubbed again, and so on akout ; 
through the pores every time; no hand-rubbing is needed. After 
several weeks’ trial, it was found that five shillings’ worth of fuel, soap, 
and soda sufficed for the washing of one thousand articles, Pd 

Among the many curious American washing-machines recently 
introduced, one is the ball machine, in which a number of wooden 
balls are set in motion by a handle worked by a lever. The linen is 


Like all other epidermoid tumours, they are unorgan-— 


ty times, the soapy water passing” 
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so placed that the balls rub against it and against each other, and it is 
thus washed without the hand being applied to it. The credit claimed 
for this machine is, that the pressure being slight and temporary, fine 
fabrics are not injured ; moreover, “ it tears off no buttons.” Another 
American machine has wooden contrivances intended to represent, in 
action if not in , the knuckles of a laundress; the theory 
of the machine is, that the proper result can be obtained without 
away human fingers. i 
WASTE, says Coke (Co. Litt., 53), “ vastum dicitur a vastando, of 


wasting and 


its being out of repair, the tenant is guilty of waste ; 
if he do not repair a house which has been uncovered or damaged only 
by a tempest. In the same manner, if the banks of a river, while in a 
state of proper repair, are destroyed by a sudden flood, the tenant is 
not answerable. (1 ‘ Inst.,’ 53 a,b.) The rule applies also to the case 
of a house burnt down by accident. But in these and all similar cases 
the tenant will still be bound to repair or rebuild, if he has entered 
into a general covenant to repair. . 

Srp dawlegey Byles have estates of inheritance, are entitled to 


every kind of waste, the meaning is 

land which tenants who have not an 
in fee in possession has 

of waste, i 

ce 


ing then considered as 
the ; but he will be restrained by a 
equity, which will direct an account of timber cut down, and 


to recover full damages for the waste committed. But as this remedy 
was often found i uate, it was enacted by the statute of Gloucester, 
6 Edw. L, c. 5, that place wasted should be recovered, together 
with treble damages for the injury done to the inheritance. No person 
was entitled to an action of waste the tenant for life under 
these statutes except him who had the estate of inheritance imme- 
diately expectant on the determination of the estate for life; so that 
if there were an existing estate of freehold in’ between the 
estate for life and that of inheritance, the right of action was sus- 
pended. (1 ‘Inst.,’53,b.) The action of waste had long given way to 
the much more expeditious and easy remedy by an action of trespass 
in the nature of waste, which may be brought by the 
ion or remainder for life or for years, as well as in fee, 

intiff is entitled to costs, which he could not have 
waste (2 Saund., 252, n. 7); and the writ of waste is 
the 3 & 4 Wm. IV., c. 27,5. 36. It seems 
was formerly no remedy for mere issive waste after the 
of the tenant, though if the estate of the tenant was benefited 
injury inflicted, as if money was derived to it from the sale of 
trees cut down, an action for the value of the property might have 

tained 
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action be brought within six months after the personal representatives 
have taken upon themselves the administration of the estate. 

But the most complete remedy in cases of waste is that in the Court 
of Chancery, which, upon application to it by bill, will not only direct 
an account to be taken and satisfaction to be made for the damage 
done, but will interpose by way of injunction to restrain the com- 
mission of future waste. A court of equity will grant its assistance 
against the commission of waste wherever the case appears to require 
it, even though the plaintiff is not in a condition to maintain an action 
at law. The court will also grant an injunction against waste pendente 
ite ; and in such cases it is not that the plaintiff should wait 
till waste is actually committed ; it is sufficient if an intention to com- 
mit waste appears, or if the defendant insists upon his right to do so, 

Tt has long been usual, when estates for life are expressly limited, to 
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insert a clause declaring that the tenant shall hold the lands “ without 
impeachment of waste.” These words were originally intended merely 
to exempt the tenant from the penalties of the statute of Marlbridge, 
though it has long been settled that they enable him to cut down 
timber and to convert it to his own use; but he may be restrained in 
equity from committing malicious waste so as to destroy the estate, or 
cutting down timber which serves for shelter or ornament tc a 
mansion-house, or timber unfit to be felled. This is what is called the 
doctrine of Equitable Waste. The privileges of the tenant for life 
under the words “without impeachment of waste” are annexed in 
privity to his estate, and determine with it. Thus it seems that ifa 
lease were made to one for the life of another without impeachment of 
waste, with remainder to him for his own life, he would become 
punishable for waste, the first estate being merged in the second. 
(11 ‘Rep.,’ 83, b.) 

Ecclesiastical persons, who hold lands in right of a church, are 
disabled from committing waste, though, like other tenants for life, 
they have the right to take from the land materials for necessary 
repairs. They may not only fell timber and dig stones for that pur- 
pose, but have even been allowed to sell timber or stone, when the 
money was to be applied in repairs; also, though they cannot open 
mines, they may wink those already open. (Amb. 176.) Ecclesiastical 
persons may be against for waste in the civil as well as the 
ecclesiastical courts, as an action will lie against them for dilapidations, 
and may be brought by the successor to a benefice either against his 
predecessor or his personal representatives. And the Court of Chancery 
will grant an injunction against any ecclesiastical person whatsoever to 
stay waste in cutting down timber, pulling down houses, or opening 
quarries or mines on the glebe. An injunction has, indeed, been 
granted against waste by the widow of a rector during the vacancy of 
the living. (2 Bro. ec. 5,62.) By the 56 Geo. III. c. 52, the incum- 
bents of benefices are enabled to cut down timber on the glebe-lands for 
the purposes of the statute (55 Geo. IIL.) enabling them to exchange 
their parsonage-houses or glebe-lands. 

Tenants in tail and tenants in fee have the inheritance in the land, 
and they are the real owners, Those who have less estates are in the 
situation of the Roman Usufructuarius, [Usurrverus.] 

WASTE LAND. [Burren Lanp.] 

WATCH. [Honoxoey.] 

Ph bag AND b oor ati the ancient provision for the maintenance 
ie public peace and of property in towns: watching relates to the 
night, ward to the day. 

‘The duty of keeping watch and ward no doubt prevailed in Anglo- 
Saxon times, although it is usually stated to have been imposed by 
the statute of Winchester (13 Edward L, c¢. 4), The words of the 
statute are :—“ And henceforth it is commanded that watches be made 
as formerly they were accustomed to be; that is to say, from Ascen- 
sion-day to Michsabtea-dey, in every city, by six men at each gate, in 
every borough by twelve men, in every open town by six or four men, 

ing to the number of inhabitants; and that they watch all the 
night from sunset to sunrise. And if any stranger pass by them, he 
shall be arrested until morning; and if [no cause of] suspicion be 
found, he shall go quit.” Then follow provisions for delivering him to 
the sheriff if the watch find cause of suspicion, and for raising the hue- 
and-cry on him from town to town if he escape. A subsequent act 
(5 Edward IIL, c, 14) extends to the day these powers of arresting 
suspected persons ; and in reciting the previous act, this later statute 
treats it as applying to the country generally; but seems to limit the 
power of arrest to constables, The statute 5 Henry IV., c. 3, extends 
to the sea-coast the provisions of the statute of Winchester, and 
(like it) seems only to revive an ancient custom which had fallen into 
disuse, 

The duty of keeping watch is imposed upon every inhabitant of a 
town in turn, at the call of the constable. The watchman must be 
suitably armed, and women or infirm persons must find substitutes. 
Not to keep watch in his turn, or not to find a sufficient substitute, 
is an offence for which the y may be indicted at the sessions of 
the peace, and may be punished by fine and otherwise. ; 

Another class of watchmen, having like powers and duties to 
the former, is that appointed for the preservation of the peace. 
(ConstaBE, Potice. 

WATER (HO). (Chemistry.) Water, as it occurs in nature, has 
already been treated of in the Narurat History Drvision of this 
Cyclopedia ; its physical properties in the three states of gas (Steam; 
Vapour, OpaLescent]; liquid [Warer, following article]; and solid 
{Icz]; have also been separately described in the present Division ; so 
that it is now only necessary to consider it from what may be termed a 
chemical point of view. 

Water is a chemical combination of the two elements oxygen and 
hydrogen. When a jet of hydrogen is burnt in an atmosphere of oxy- 
gen, or vice versd, water is formed, and condenses on and trickles down 
any cool surface that may be near, A compound of hydrogen, when 
burned in the air, also eliminates that element in the form of aqueous 
vapour, A cold plate held for a few moments in or over the flame of a 
candle, oil-lamp, or gas-jet, is soon bedewed with moisture, which may 
be collected and proved to be water. Conversely, water may be made 
to yield up its elements, Exposed to a temperature above the melting 
point of platinum, it is resolved into its elements, ae in the 
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state of steam over red-hot iron, it parts with its —— See 
metal, and ita hydrogen is evolved as gas, Submitted to the action of 
the electric force, its two constituents are respectively evolved, and 
may be colfected in quantity, from the two terminals of the 
that from the negative pole, hydrogen, occ’ twice the 
of that from the positive » oxygen. A given of 
being only one-sixteenth weight of an equal bulk of oxygen, 
by sreight of hpdroqes and cngyen ta waher are sus of the aeetaan s 
by weight a in water are one 

y weigh’ oa » 
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eight of the latter, iv experiments 7 described 
dem: ing both synthetically and analytically water is the 
protoxide of hydrogen; that it contains one equivalent of hydrogen 
(H = 1) and one equivalent of o (O = 8), 

Water acts upon other bodies serge ap oer 
Chemically, it unites to form, first, hydrates ; in the water 
most intimately combined, and can only be separated in many cases 
by a temperature oe rhage, ebre slaked lime is such a hydrate. 
Secondly, water combines crystalline bodies, as seen in sulphate 
of magnesia, which contains six equivalents (ago, 8O0,, HO +6Aq,), 
carbonate of soda, which has ten (NaO, CO, +1 Aq.), &e. This water 
is generally termed water of crystallisation, to distinguish it from the 


former, or water of hydration. Thirdly, water, acting chemico-mecha- 
nically, is a more or less powerful solvent for most bodies. On its 
ogee thal. oli mre seer pas. bolero, Its capaci 

for dissolving oxygen and carbonic acid enables it to support the life 
of fishes and sub-aquatic plants, and without which it would be 
un t and mawkish as a Chlorine, sulphurous acid, 
ts whose chemical value 


taken up as much of a body as it can dissolve, it is said to be satu- 
rated ; and if at this point some of it be removed by taneous or 
artificial evaporation, the dissolved solid is again deposited, either in an 
amorphous state or in beautiful geometrical forms called crystals. The 
fourth action of water is purely mechanical ; it is seen in the ual 
wearing away of solid insoluble matter, and is largely con in the 
formation of the channels of streams, &c. 

From what bas been said regarding the solvent powers of water, both 


been 
upon gaseous and solid matter, it is obvious that pure water is never | number in different waters, It has been s 
met with in nature. If we trace water from the moment when it | little animals are very deleterious to health, 
assumes the liquid condition to the time when it finally makes its way | all clearly made out. Looked at froma 


to the ocean, we find it gradually accumulating impurities of various | are 


exceedingly 
kinds, At the moment of condensation it exerts its solvent power and | Each little animal is a small 
absorbs gases from the air. When it falls to the earth it percolates | the organic matter, and conyerting it into its ultimate i 


through strata more or less soluble and more or less pervious to water, 


. . . . sae pounds—ear' 
and dissolves, according to circumstances, various quantities of the upon the dead o 


solid matters which it there meets with. If the surface of the earth 


We have in the New River water twenty-six 


but 
chemical 


it Ih 


where it falls be very hard and insoluble, the water becomes only very | air. It is, of course, desirable to remove them before 


slightly contaminated with solid matter. Loch Katrine, for instance 


> ‘Be 
contains only 24 grains of solid matter in a gallon of the water; the | themselyes cannot pass through the filter, but the ova can, This fact 
Dee, at Aberdeen, contains 4 grains; and the Tay, at Perth, contains | has an important bearing upon the storing up of water, and will be 
5 grains. Frequently, also, when the strata through which the water | alluded to again presently. ; 
i We come now to the saline impurities. The nature 


percolates are ious, supposing they are at the same time compara- 
tively insoluble, very 


little solid matter gets into solution. Such is | readily seen by an inspection of 


following diagram, 


Sorip Constituents CONTAINED In Onk GaLLon oF vARiovs Waters surPLixp To Towns. 


of these will be 


Thames 
East : 
New River Kent Water) Ditton and Loch eats aM 
Company. jae don | Company, | Gnd, June-| ¥#*2ham. | Watford. | satring, | Aberdecn. | Liverpool, | Manchester.) 
pany tion Co. 
Carbonate of lime , . . 7°62 10°16 7:02 11-79 *23 16°13 oe 85 “76 cee 
Sulphate of lime . > . 3°23 2°33 11°03 8°06 131 ae 38 “12 46 8°57 
Nitrate of lime > . ‘ “02 72 07 "27 Trace 23 oo . a ” 
Carbonate of magnesia ea 1-09 151 342 1:27 “64 75 “15 > "al os 
Sulphate of magnesia... “4 an ¥ at ss on 58 *32 ar 155 
Chioride of magnesium =. , iz 3 - <, 7 ob % 7 ib a 18 
| Chioride of sodium . ° o} 3°73 1-76 3°50 110 “93 101 “45 “67 1°56 102 
Sulphate ofmoda, . . , 1-49 +94 iF oe +07 131 28 bE a *. 
Chloride of potassium . rr re 5 “67 AD ss sf oa 5) “67 
Sulphate of potash . oa lil 1°25 “70 “7 “43 “44 Trace we oe. - 
Tron alumina and phosphates .} Traces “47 Traces “09 88 ab Traces “08 "34 “75 
Silica. : . . . 60 62 76 62 “99 159 Trace 4 é "16 “BS 
Organic matter . . ¢, > 2-79 4°12 261 220 1°78 126 82 1°82 140 1°25 
19°78 238s | 29:55 21-33 76 | aa78 2-08 400 baa | 978 


as a supply for London. ‘That from Loch Katrine is perhaps parer | alkaline 


than water supplied to any town in the United Kingdom. The 


Manchester water can alwa drawn from the pipes, the supply | classes of constituents—to the alkaline earths—the lime 


being continuous, instead of intermittent, and this is now the case in | salts 


of magnesium, are salts of the alkaline earths; others 4 
salts, 
of these 


WATER. 


WATER. 


lime is of a greasy nature; it is precipitated in, and fills up, the 
th no amount of washing in hard water can thoroughly 
hence the skin can only be perfectly cleansed in rain- 
water, in softened hard water, or, in fact, in water that does not contain 


F 


is carried out on board some of our ships, the water being subsequently 


aérated for drinking purposes. On land, however, other less expensive 

processes are a’ le. . 

The organic i ities contained in solution in water are of animal 

and vegetable origin, the former being most objectionable. The animal 

matter contains ni and is constantly undergoing a fermentive 
highly 


pon 

of is decom; and decolourised by it, and there- 

sas eas aiakeetone tee buioes bot mach of that reagent should 
other possible contamination of water must be noticed : it is 
Fortunately for most reasons, but unfortunately for some others, 
that contains an iable quantity of salts does not, as a gene- 
rule, act upon lead. distilled water acts very rapidly upon it, 
water that is in any degree hard does not usually affect it. Lead 
detected in water by the blackening which occurs on 
ee eee ne This effect is 
if only a very small quantity of lead be present. 

e water, after the of the gas, should be set aside 
ths mlchomwetted hydrogen will have 
decomposed, and the deposited sulphur will have a dark-brown 
colour if lead be present. It has been suggested to tin the 
water not acting upon tin; but wherever water 
with both metals, as at a joint or flaw, a voltaic 
and the solution of the lead is facilitated instead of 


of Water.—This is accomplished either by noting the loss 
which a body suffers on being heated, or by expelling and weighing 
the water evolved. If the constitution of the body is well known, 
the former method is sufficient; if not, the latter process is had 
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mixture of ree, pet ete portions of the water may be used for 


the purpose. arrangement of the results of a water analysis 
depends upon the judgment of the operator. The actual amounts of 
each ingredient, without ce to arrangement, should first be 


s In the preceding article 
the chemical history of water is briefly reviewed, and such of its pro- 
perties are described as depend, primarily, on the nature and activity 
of the molecules of which it is constituted. We now proceed to treat 
of some of those properties of water which are exhibited by masses of 
it, whether in its liquid, aériform, or solid state; those which render 
ita subject of physics or natural philosophy ; omitting, however, of 
oom monte. properties as 2 possesses in common Meg other bodies in 

@ ig states of aggregation, respectively, and which have 
been considered in the articles Hepmoprmahrcs; Hycromerry ; 
Mecuanics; Prevwaries, &c. 

The three states of tion in which water, like all kinds of 
ponderable matter, as we have reason to believe, can exist, are all 
equally natural; though, as in the case of every other substance also, 
we are inclined to that condition as the most natural in which 
it is most commonly and obviously subject to our observation. This, 
with respect to water, is the liquid, as with all metals but one it is the 
solid, and with chlorine, ammonia, aud other elementary as well as 
compound substances, it is the aériform state; omitting here any 


reference to those gaseous bodies which have not yet been reduced to 
another state of tion, 

We begin with the physical properties of water in the solid form, 
considering, first, those which it manifests to sensible observation. 

In the article Ick the property is described, in virtue of which 
two portions of that substance in a moist state, when brought into 
contact, become one. That such is the fact has of course been known 
from time immemorial, but it had always been referred, without 
inquiry, to the freezing effect upon water of ice at a lower tem- 
perature [Har], and had never been made a subject of scientific 
investigation until Dr. Faraday called attention to its nature and 
a importance on the 7th of June, 1850, at one of the 

iday evening meetings of the members of the Royal Institution of 
Great Britain (Albemarle Street, London); assemblies in which, from 
the year 1825 downwards, so many new facts and applications in science 
and new interpretations of facts have for the first time been publicly 
made known, or first publicly demonstrated by experiment. ‘To this 
property of ice the term regelation was afterwards applied by Professor 
Tyndall, in a paper ‘On™the Structure and Motion of Glaciers, by 
himself and Professor Huxley, read before the Royal Society on 
January 15, 1857 (‘ Proceedings,’ vol. viii. p. 331), and published in 
the ‘Philosophical Transactions’ for that year. In this paper Pro- 
fessor Tyndall describes some experiments illustrative of the practical 
consequences of regelation, and of their manifestation on the great 
scale in nature. The entire subject forms so important a part of the 
history of water in its solid condition, that it is requisite to return te 
it here. 

In the article Icz we noticed Professor Tyndall's conclusion that the 
plasticity of ice at 32°,in mass, arising from fracture and regelation, in 
continued and indefinite succession, imparts to it a deceptive semblance 
of viscosity, which it really does not possess. By virtue of this process, 
in his experiments, spheres of ice were flattened into cakes, and 
squeezed into transparent lenses, A straight prism six inches long 
was pire potas of moulds augmenting in curvature, and 
ly came out- into a semi-ring. A lump of clear ice placed in 
a hemispherical cavity, and pressed upon by a protuberance not large 
enough to fill the cavity, was converted into a hard transparenteup. In 
the experiments with the prism, four moulds, gradually augmenting in 
curvature, were made use of in succession. In passing suddenly from the 
shape of one to that of the other the ice was fractured, but the pres- 
sure t the yori again ea Deana as and reste them 
to (regelate) freeze together, thus restoring the continuity of the mass. 
The fracture was in every case both audible and tangible—it could be 
heard and it could be felt. A series of cracks in succession 
as the different parts of the ice-prism gave way, and towards the con- 
clusion of the experiment the ing in some instances melted into 
an almost musical tone. 

These facts have been applied by Professor Tyndall to explain the 

henomena of the motion of glaciers. [Gracrers, in Nat. Hist. Drv.] 
This is a most important subject: the very introduction into the 
philosophy of glaciers of the principle of regelation, “ without which,” 
Professors Tyndall and Huxley remark, “it may be doubted whether 
the existence of a glacier would be at all possible,” and the relation of 
which to glacier action the former was the first to discover, opens in 
itself a new field of investigation. For the details of this application 
we must refer to the original paper; but the following is a summary 
view of the subject, derived partly from that and partly from a more 
brief account given in the ‘ Proceedings’ of the Royal Institution, 


vol. ii. p. 322. 

All the phenomena of motion in glaciers, on which the idea of the 
viscosity of ice has been based, are brought by such experiments as 
those recited above into harmony with the demonstrable properties of 
ice. The glacier valley is a mould through which the ice is pressed 
by its own gravity, and to which it will accommodate itself, while pre- 
serving its general continuity, as the “hand-specimens” (to use a term 
familiarly applied to rocks) do to the moulds made use of in the 
experiments. Two confluent glaciers unite to form a single trunk, by 
the regelation of their pressed surfaces of junction. Crevasses are 
closed up, and the broken ice of a cascade, such as that of the Taléfre 
or the Rhone, is recompacted to a solid continuous mass. “But if the 
glacier et ge its movement in virtue of the incessant fracture and 
réegelation of its parts, such a will be accompanied by a crack- 
ling noise, corres) ing in intensity to the nature of the motion, 
and which would be absent if the motion were that of a viscous body. 
It is a well-known fact that such noises are heard, from the rudest 
crashing and quaking up to the lowest decrepitation, and they thus 
receive a sati explanation.* It is manifest” also “that the 
continuity of the fractured ice cannot be completely and immediatel 
restored after fracture. It is not the same pathacde that are regelated, 
and hence the coincidence of the surfaces cannot be perfect. They 


* The sounds sometimes heard during the appearance of the Polar Lights, 
and supposed to be produced by them (Tennrsrniat Lion}, have been referred 
by Humboldt to the mechanical changes continually going on in the ice-fields 
and packs of the regions in which those lights, in their most extensive and 
brilliant development, have been principally observed. Many of these changes 
must be identical with those of gluciers; and in the facts and reasoning 
adduced by Professor Tyndall, as above, we probably haye the final explanation 
of this disputed subject, 
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will inclose for a time capillary fissures, and thus the above theory 
accounts satisfactorily for the known structure of glacier-ice, Professor 
Tyndall made an experiment on this point in which, by a gradually 
increasing pressure, he produced in ice fissures of this description 
accurately resembling those made evident by the infiltration experi- 
ments of M. Agassiz in the glacier of the Aar. 

Since the publication of Dr, Tyndall's researches, and that of the 
papers by Principal (late Professor) James D. Forbes and Professor 
James Thomson, the contents of which were stated in the former article, 
Dr. Faraday has entered into a new experimental investigation of it, 
which has appeared in the ‘ Proceedings’ of the Royal Society, vol. x. 
p. 440-450, under the title of ‘Note on Regelation,’ in which he has 
also more fully described that property than in his previous papers. 
Of the new facts he has observed, and of the conclusions he has founded 
upon them, the following are the most important. 

“Two pieces of thawing ice if put together adhere and become one; 
at a place where liquefaction was proceeding congelation suddenly 
occurs. The effect will take place in air,in water, or in vacuo. It 
will occur at every point where the two pieces of ice touch, but not 
with ice below the freezing point, that is, with dry ice, or ice so cold 
as to be everywhere in the solid state.” 

“Though some might think,” Dr. Faraday resumes, “that Professor 
[{J.}] Thomson, in his last communication tion, col. 816], was trusting 
to changes of pressure and temperature so inappreciably small as to be 
not mérely imperceptible, but also ineffectual, still he carried his con- 
ditions with him into all the cases he referred to, even though some of 
his assumed pressures were due to capillary attraction, or to the con- 
sequent pressure of the atmosphere only.” 

In order to exclude all pressure of the particles of ice on each other 
due to capillary attraction or the atmosphere, Dr. Faraday prepared to 
experiment altogether under water, arranging a bath of that fluid, 
maintained at 32° Fahr., which by the method he employed it could 
be for a week or more. praae 

Two similar blocks of good Wenham-lake ice were placed in the 
water with their opposed faces about two inches apart, each being 
moored to a particular place by woollen thread attached to pieces of 
lead,so that they were sunk entirely under the surface of the ice-cold 
water. If brought near to each other and then left unrestrained, they 
separated, returning to their first position with considerable force. If 
brought into the slightest contact, regelation ensued, the blocks ad- 
hered, and remained adherent, notwithstanding the force tending to 
pull them apart. They would continue thus, even for twenty-four 
hours or more, until they were purposely separated, and would appear 
(by many trials) to have the adhesion increased at the points where 
they first touched, though at other points of the contiguous surfaces a 
feeble thawing action went on, causing a dissection of the ice, develop- 
ing its mechanical composition, and showing it to consist of layers of 
greater and less fusibility, horizontally disposed in the ice whilst in the 
act of formation. “ In thi8 case, except for the first moment, and in a 
very minute degree, there was no pressure, either from capillary action 
or any other cause. On the contrary, a tensile force of considerable 
amount was tending all the time to separate the pieces of ice at their 
points of adhesion ;” where still the adhesion went on increasing. 
Arrangements were next made to ascertain whether anything like 
soft adhesion occurred, such as would allow slow change of position 
without separation during the action of the tensile force» It was 
found that not the slightest motion of the blocks in relation to each 
other took place in the thirty-six hours during which the experiment 
was continued. ‘“ This result, as far as it goes, is against the necessity 
of pressure to regelation, or the existence of any condition like that of 
softness or a shifting contact.” 

Torsion force was then employed as an antagonist to regelation, The 
ice-blocks being separate, were adjusted in the water so as to 
parallel to each other, and about 14 inch apart. If made to approach 
each other on one side, by revolution in opposite directions on vertical 
axes, a piece of paper being between to prevent ice-contact, the torsion 
force set up caused them to separate when left to themselves; but if 
the paper were away, and the ice pieces were brought into contact, by 
however slight a force, they became one, forming a rigid piece of ice, 
though the strength was, of course, very small, the point of adhesion 
and solidification being simply the contact of two convex surfaces of 
small radius. It was found, also, that there was no more tendency to 
a changing shape than in the case before examined. If the separating 
force were increased, but unequally, as respects the two pieces, then 
the congelation at the point of contact would give way, and the pieces 
of ice would move in relation to each other. Yet they would not 
separate, though the torsion force employed was constantly tending to 
separate them. Ifa slip of wood, applied to change the mutual 
position of the two pieces of ice without separating them, were re- 
tained for a second undisturbed, then the two pieces of ice became 
fixed rigidly to each other in their new position, and maintained it 
when the wood was removed, but under a state of restraint ; and when 
sufficient force was applied, by a slight tap of the wood on the ice to 
break up the rigidity, the two pieces of ice would re-arrange themselves 
nnder the torsion force of their respective threads, yet remain united; 
and, assuming a new position, would in a second or less again become 
rigid, and remain inflexibly conjoined as before, By managing the 


the other by a flexible point of attachment for any rey of time, 
could be placed in various angular positions to it, could be made (by 
peegry. oa quiescent for a moment) to assume and hold r 
any of these positions when the external force was removed, could be 
changed from that position into a new one, and, within certain limits, 
could be made to possess at pleasure and for any length of time either 
a flexible or a rigid a‘ ent to its associated block of ice. In 
observing these states, convex surfaces of contact are necessary, so that 
the contact may be only at one point. If there be several places of 
contact, apparent rigidity is given to the united mass, though each of 
the places of contact might be in a flexible, and, so to say, adhesive 
condition. “It is not at all difficult to arrange a convex surface, 50 
that, bearing at two places only on the sides of a depression, it d 
form a flexible joint in one direction, and a rigid attachment in a 
direction transverse to the former.” J ‘ 
The following are Dr. Faraday's inductions from these results, 
which cannot be abridged :—“ So regelation includes a flexible ad 
of the particles of ice, and also a rigid adhesion. The transition 
between these two states takes place when there is no external force 
like pressure tending to bring the particles of ice together, but, on the 
contrary, a force of torsion is tending to separate them ; and, if 
be had to the mere point of contact on the two rounded surfaces w! 
the flexible adhesion is exercised, the force which tends to 
them may be esteemed very The act of regelation cannot be 
considered as complete until the junction has become rigid, and there- 
fore I think that the necessity of pressure for it is altogether excluded, 
No external pressure can remain (under the circumstances) after the 
first rigid contact is broken. All \the forces which remain tend to 
separate the pieces of ice; yet the first flexible adhesions and all the 
successive rigid adhesions which are made to occur are as much the 
effects of regelation as those which occur under the greatest pressure.” _ 
“The phenomenon of flexible adhesion under tension looks very 
much like sticking and tenacity; and I think it probable that Professor 
Forbes will see in it evidence of the truth of his view. I cannot, 
however, consider the facts as bearing such an interpretation; because 
I think it impossible to keep a mixture of snow and water for hours 
and days together without the temperature of the mixed mass becoming 
uniform ; which uniformity would be fatal to the explanation. My 
idea of the flexible and rigid adhesion is this :—Two convex 
of ice come together; the particles of water nearest to the place of 
contact, and therefore within the efficient sphere of action of those 
particles of. ice which are on both sides of them, solidify ; if the con- 
dition of things be left for a moment, that the heat evolved by the 


solidification may be conducted away and dispersed, more particles 
will solidify, and ultimately enough to form a fixed and rigid junction, 
which will remain until a force sufficiently great to b through it 


is applied. But if the direction of the force resorted to can be relieved 
by any hinge-like motion at the point of contact, then I think that the 
union is broken up among the particles on the opening side of the 
angle, whilst the particles on the closing side come within the effectual 
regelation distance; regelation ensues there, and the adhesion is 
maintained, though in an apparently flexible state, The flexibility 
appears to me to be due to a series of ruptures on one side of the centre 
of contact, and of adhesion on the other,—the regelation, which is 
dependent on the vicinity of the ice surfaces, being transferred as the 
place of efficient vicinity is changed. That the substance we are con- 
sidering is as brittle as ice, does not make any difficulty to me in 
respect of the flexible adhesion ; for if we suppose that the point of 
contact exists only at one particle, still the an 

int must bring a second particle into contact (to suffer regelation) 
Beats separation could occur at the first; or if, as seems proved 
the supervention of the rigid adhesion upon the flexible state, many 

icles are concerned at once, it is not possible that all these should 
e broken through by a force applied on one side of the place of 

adhesion, before particles on the opposite side should have an oppor- 
tunity of regelation, and so of continuing the adhesion.” 

The changes of temperature and pressure in the process of regela- 
tion, as here investigated, Dr. Faraday thinks, are too infinitesimal to 
go for anything; and in illustration of this opinion, he describes an 
experiment. Lor this, however, as well as for the manipulation of 
the experiments in general, we must refer to his paper; but an 
addendum to it we now cite, as it details an method of 
the various phenomena of regelation which have been ine 
“ Take a rather large dish of water at common temperatures. Prepare 
some flat cakes or bars. of ice, from half an inch to an inch thick, 
render the e round, and the upper surface of each piece convex, by 
holding it against the inside of a warm saucepan cover, or in = other 
way. When two of these pieces are put into the water they will float, 
having perfect freedom of motion, and yet only the central part of the 
upper surface will be above the fluid; when, therefore, the pieces 
touch at their edges, the width of the water-surface above the place of 
contact may be two, three, or four inches, and thus the etfect of 
capillary action be entirely removed. By placing a plate of clean dry 
wax or spermaceti upon the top of a plate of ice, the latter soilary 
entirely submerged, and the tendency to approximation from cai 
action converted into a foree of separation. When two or more of 
such floating pieces of ice are broug*! together by contact at some point 


continuous motion of one piece of ice, it could be kept associated with | under the waver, they adhere; first with an apparently flexible, and 


motion at that ~— 
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then with a rigid adhesion. When five or six pieces are grouped in a 
thon siete fee Seen eens Green. 08 advan oaretoliy, alt wil 
move with it ri ; or, if the force be enough to break through the 
joint, the rupture will be with a crackling noise, but the pieces will 
still adhere, and in an instant become rigid again. As the adhesion is 
only by points, the force applied should not be either too powerful or 
SAREE Blow. Vind a pices of paper,» mnall Senther, or 0 
eamel-hair brush applied under the water very convenient for the 
r When the point of a floating wedged-shaped piece of ice is 
under water against the corner or side of another floating 


the velocity and force with which the two pieces will separate when 
the adhesion is properly and entirely overcome.” 
In Dr. paige second published notice of regelation (‘ Exp. Res. 
Saree Solar cb cruncns iy. tie donation of 
cam iodide o' jogen, e deposition o 
them from an tapackare woabla to deposit like 
the surrounding glass, except at a lower tempera- 
in a solution, by the deposition of solid 
is not deposited elsewhere in the solution, to 
illustrate the extension of the principle of action which is manifested 
pene. iy 75 In his reasoning on the nature of that principle, he also 
on the fact, that ice has the same property as camphor, sulphur, 
phosphorus, metals, &c., which cause the deposition of solid particles 
them the surrounding fluid, that would not have been so 
re eres ne merous solid portions, 
t the further experimental inquiry to which he has now sub- 


: 


jected the phenomena of regelation, appears to have conducted him to 
a view of which is not reconcileable with his previous 
be ang ing the extension of the principle. pode Pent 
“Ts remarkable property peculiar to water, or is it general to 

bodies ? has sted of water, it certainly seems to offer us a glimpse 
into the joint p) action of many particles, and into the nature of 


cohesion in that are ne it is changing between the solid and liquid 
pocinet I made some experiments on this point;” which he proceeds 
to relate. 


times to Bhow traces of the power; but, on the whole, Dr. Faraday is 


stance that the solid rods experimented with had not acquired through- 
out the freezing temperature. 


force, but actually presents a contrast to it. 
results were tried (without much or an. ion), crys- 
ick belay Veoieeih to bear agate’ each other torsion force, 
in their saturated solutions at common temperatures. this way the 
following bodies were ited with :—Nitrates of lead, potassa, 
soda; sulphates of soda, magnesia, co , zinc; alum; borax; chlo- 
ride of ammonium; ferro-prussiate o! ; carbonate of soda; 
pre lop ed and tartrate of potassa and soda; but the results were 

negative,” , 

Dr. Faraday’s “ present conclusion, therefore, is that the property’ 
of regelation “ is special for water, and that the view” he has “ taken 
of its physical cause”—“ that a particle of water, which could retain 
whilst touching ice only on one side, could not 


In the ‘ Sey ey te oe 2, 1861 (vol. xi., 
pP- 193-204), a note by Professor James Thomson, in which 
states that he still adheres to the explanation of Principal Forbes’s 


experiment, cited from a former pe him in our article Ior, as 
mainly correct, though admitting of modification in reference to a 
point which seems to him to be as yet rather obscure :—“ the influence, 
namely, of the tension in the ice due to its own weight, which makes 
it not be subject internally to simply atmospheric pressure.” Professor 
Thomson also points out some additional conditions, almost necessarily 

in the experiment, which, under his view of the plasticity of 
ice, would act in conjunction with those originally adduced, and would 
increase the rapidity of the union. But his principa] object in this 
communication’ is to dissent from the interpretation given by Pro- 
fessor Faraday of his recent experiments, as above, and to express 
the opinion that they are in perfect accordance with, znd t311t0 con. 


firm, his own theory, and its application to the various observed cases 
of the union of two pieces of moist ice when placed in contact. ‘This 
he does, after describing Faraday’s results, in these terms :—* My 
view of the phenomena of these experiments is as follows: the first 
contact of the two pieces of ice cannot occur without impact, and con- 
sequent pressure ; and, small as the total force may be, its intensity 
must be great, as the surface of contact must be little more than a 
geometrical point. This pressure produces union by the process of 
melting and regelation described by me in previous papers. On the 
application of the forces from the two feathers, at one side of the point 
of contact, tending to cause separation, the isthmus of ice formed by 
the union of the two pieces, comes to act as a tie or fulcrum subject to 
tensile force ; and, consequently, a corresponding pressure will occur 
at the side of the isthmus far from the feathers, and that pressure will 
effect the union of the ice at the side where it occurs. The tensile 
force, it may be readily supposed, tends to preserve the isthmus, inter- 
nally at least, in the state of ice, whatever may be its influence on the 
external molecules of the isthmus, and to solidify such water as, having 
occupied pores in the interior Seen ere compression, may now, 
by the linear tension or pull, be reduced in cubical pressure or hydro- 
static pressure, because the melting-point of wet ice is raised by dimi- 
nution of pressure of the water in contact with it. The pull applied 
to the isthmus thus appears to put it out of the condition in which my 
theory has clearly indicated a cause of plasticity, and, I presume, makes 
it cease, or almost entirely cease, to be plastic. I believe no plastic 
yielding of ice to tension has been discovered by observation in any 
case, and I think there are theoretical reasons why ice should be 
expected to be very brittle in respect to tensile forces. The isthmus 
then being supposed devoid of plasticity at its extended side, ultimately 
breaks at that side when the opening motion caused by the feathers 
has arrived at a sufficient amount to cause fracture; and the ice 
newly formed on the compressed side comes now to act as a tie, instead 
of the part which has undergone disruption, and holds together the 
two pieces of ice, or serves as a fulcrum under tension to communicate 
a compressive force to the points of the two pieces of ice immediately 
beyond it; and so the rolling action with a constant union at the point 
of contact forward. It is to be observed, that the leverage of the 
forces applied by the feathers is so great, compared with the distance 
from the fulerum or tensile part of the isthmus, to the compressed 
part in process of formation at the other side as that the compression 
may usually be considered almost equal to the tension ; and the tension 
in the extended part cannot be of small intensity, being sufficient to 
break that side of the isthmus. In the experiments which gave flexible 
adhesion scemingly under tension, it is not to be admitted that tension 
was really the condition under which the ice existed at the places 
where the union was occurring. ‘T'o apply a simple disruptive force to 
the whole isthmus of ice, it would be necessary to take very special 
precautions in order to arrange that the line of ‘application of the dis- 
ruptive forces should pass through the point of contact of the two 
pieces. If that were done, and the forces were gradually increased till 
the cohesive strength of the isthmus were overcome, it is clear that the 
two pieces of ice would separate altogether, and there would be no 
flexible adhesion ; but the flexible adhesion, when it occurs, is essen- 
tially dependent on the existence of an intense pressure at the side of 
the isthmus remote from the line of the externally applied disruptive 
forces, or of the single force applied in some of the experiments to one 
bx er the pieces, and resisted by the inertia of the other.” 

hile Dr, Faraday was engaged in the experimental corroboration of 
the cause to which he had originally assigned regelation, and in the 
limitation of the inferential views of its extension which he had first 
taken, a less conspicuous inquirer had been led to found upon those 
views and upon a known fact in the physical history of glass, a theory 
of the universality of regelation. this had been indicated, and the 
fact in question stated, at the end of our former account of the subject 
in the article Icz. In the ‘ Proceedings of the Royal Society’ (vol. x., 
pp. 450-460), Dr. Faraday’s ‘Note on Regelation’ is followed by Mr. 
Brayley’s ‘ Notes on the Apparent Universality of a Principle analogous 
to Regelation; on the Physical Nature of Glass; and on the Proba- 
bility of the Existence of Water in a state analogous to that of Glass,’* 
In the first of the three ‘ Notes’ of which Mr. Brayley’s paper consists, 
the view of the subject taken in Ick (col. 817) is resumed in greater 
detail, the facts there mentioned being regarded as “ indicating the 
existence of a condition of matter which may be termed arrested 
liquidity, but yet is not, in the most perfect sense, solidity.” It is 
assumed also to be highly probable that the process by which two 
plates of polished ples gions become one is, in reality, analogous to 
that of regelation in ice, and finally dependent on the same principles, 
whateyer their true character may be conceived or shall ultimately be 
determined to be, Facts are stated, from which it is inferred that the 
state of the interior portions of a plate of plate-glass is similar to that 
of glass in general at certain temperatures much Lape its fusing point, 
when it presents such remarkable characters of plasticity, tenacity, and 
ductility, These facts are stated to recall the view taken by Person, 
and adopted by Principal Worbes [Ior, col. 816; Tuaw], of the simi- 


* These notes were received by, and read to, the Royal Socicty on the 26th of 
April, 1860, after Dr. Faraday had given an oral account, experimentally 
illustrated, of the contents of bis own ‘ Note,’ which had been received in the 
preceding month. 
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larity of the liquefaction of ice to that of fatty bodies or of the metals, 
“which in melting pass through intermediate stages of softness or 
vicosity ;" and it is remarked, also, that Sir J, F. W. Herschel, when he 
terms regelation “ a sort of welding” (Hatt, col. 603), appears to concur 
in this view. Mr. mee | asks, in conclusion of this part of the sub- 
ject, “Are all cases of the union of two apparently solid surfaces of 
the same substance by cohesive attraction cases of melting and rege- 
lation, an infinitesimally thin film of liquid being momentarily pro- 
duced and as instantly solidified!” ; and having in discussing the 
philosophy of the union of two surfaces of glass followed the reasoning 
of Professor J. Thomson, on the cause of regelation, he states, not- 
withstanding, that he wishes to be understood as not adopting, 
exclusively, any existing theory on the subject. Admitting the 
operation of cohesive attraction and consequent pressure in the first 
instance, the phenomenon, with respect to glass, it is shown, readily 
admits of explanation by the original view of Mr. Faraday with respect 
to ice. (Io, col. 814.] : 

The object of Mr. Brayley’s second ‘ Note’ does not, strictly belong to 
the subject at present before us, but to preserve the sequence of the 
whole inquiry in its bearing on the physics of water, we may mention 
that he finds reason to the molecular constitution of glass as 
being analogous to that of “ water cooled below the freezing point, but 
still remaining liquid, until by a tremor, or the percussive contact of a 
solid body, or the mere contact of a crystal of ice, its temperature 
rises to 32°, and it becomes ice,” or to that of a saturated solution of 
salt in hot water. “If so,” he remarks, “ glass will be a substance in 
which this state of arrested liquidity, or potential solidity, is perma- 
nent.” Instructive parallels are also noticed between the crystallisation 
of water and that of glass and some other bodies, which are presented 
by the experiments of Gregory Watt, and Faraday. 

It is observed in the concluding ‘ Note,’ that “No crystalline body 
bas been longer or more extensively subject to human observation 
than crystallised water, orice. Its natural history and properties, as 
seience has advanced, have been investigated with increasing generality 
and precision ; and they have finally become objects of that systematic 
and exact research which characterises the present era of physical 
inqui A most remarkable deficiency, however, still remains, 
apparently, in our knowledge of this substance : water in the vitreous 
condition—Ice glass—has never been observed. While we know the 
antithetical vitreous state of so many different crystallised substances, 
—aiinerals produced by heat, salts deposited from aqueous solution, 
neutral bodies of organic origin,—and have great reason to believe that 
that antithetical condition to crystallisation is universal, we have no 
knowledge of it in relation to water or ice. My own attention has 
been awake to the subject, without success, for many years. It would 
seem to be scarcely within the bounds of possibility that the glassy 
state of water, if possessing what we term solidity, should not, ere now, 
either have been cbserved in nature, or have occurred and been 
recognised in experimental research.” 

Mr. Brayley inquires, ‘‘ Does this apparent deficiency in our know- 
ledge exist because—to use lauguage recently introduced into physical 

i h logue of the glassy state of water is not what we 
ordinarily term solid—because the state of water cooled below 32°, but 
still liquid, is in fact the state which corresponds to the vitreous con- 
= of other bodies, and to the physical nature of perfect ordinary 
glass ! 
the confluent or equivalent state of arrested liquidity?” 

In reply to the anticipated objection that the homology sought to 
be established between liquid water below 32° and glass, is a forced 
one, and after admitting that, in relation to each other, these are 
extreme cases, he proceeds to show that intermediate terms of the 
series are not wanting, some of them being supplied by sulphur and 
phosphorus, and others, in a remarkable manner, by selenium, various 
conditions of all three appearing to be homologues, at once, of both 
the extreme terms here alluded to, Mr. Brayley suggests, finally, 
“Should this hypothesis be verified, water below 32°,—or rather, 

, from the temperature of maximum density downwards 
through that of freezing,—may have to be regarded as the vitreous 
condition of matter; and the causes of the peculiar characters of that 
condition, its effects on the transmission of the vibrations of sound and 
light, the conchoidal fracture, &c., may have to be discovered by 
researches on its molecular nature.” 

In expositions, whether of the progress or the actual condition of 
any branch of science, the student is perpetually reminded of the 
lesson which teaches the iadissoluble and universal connection of 
e part of nature with every other part. Subsequently to the 
enunciation of all the views on the subject of regelation, and the mole- 
cular relations of ice and water, of which an account has been given in 
the preceding columns, this truth has been exemplified in a striking 
and instructive manner, which may eventually make it requisite to 
modify all existing conclusions on that subject and its applications to 
natural phenomena. 

In the ‘ Proceedings of the Royal Society’ for June 13 of the present 
year (1561), vol. xi., pp. 243-247, appears the abstract of an elaborate 
paper (itself to be published in the ‘ Philosophical Transactions ’) on 
* Liquid Diffusion = to Analysis,’ by Mr. Thomas (late Professor) 
G , V.P.R.S., ter of the Mint. In this he shows the value of 
the process of diffusion and of the principle of diffusibility in water, as 


the h 
the 


Is the one simply a case of potential solidity, and the other of 


the means of out cl the r r 
Seep ee 
substances, Mr. G 's former es on Divruston have been 


as a chemical ve ‘ 

preceding article on its chemical history. ey | 
“The first, or. diffusive, class of substances are marked by Rs 

tendency to ise, either alone or in combination with + 


When in a state of solution they are held by the solvent with a certain . 
foree, 80 as to affect the volatility of water by their presence. The — 
solution is generally free from viscosity, and is always sa) T i 
reactions are energetic, and quickly effected. This is class of 
crystalloids.” hes 
“The other class, of low diffusibility, may be named colloids, asthey 
appear to be typified by animal gelatine, They have little, ifany, 
} tendency to crystallise, and they affect a vitreous structure, Th 
planes of the crystal, with its hardness and brittleness, are replaced 
the colloid by rounded outlines with more or less softness and 
ness of texture. Water of crystallisation is represented by water of 
gelatination. Colloids are held in solution by a feeble power, and have 
little effect on the volatility of the solvents. The solution of colloids 
has always a certain roy re viscosity, or gumminess, when concen-— 
trated. ‘They appear to be insipid, or wholly tasteless, unless when a, 
undergo decomposition upon the palate, and give rise to sapid crystal- — 
loids. ‘They are united to water with a force of low intensity, 
Although chemically inert in the ordinary sense, colloids possess a com- 
parative activity of their own, arising out of their physical properties. 
While the rigidity of the e structure shuts out external 
impressions, the softness of the gelatinous colloid paral of eng 
and enables the colloid to become a médium for liquid diffusion, li 
water itself. The same penetrability appears to take the form of a 
capacity for cementation in such colloids as can exist at a high tem- 
perature. Hence a wide sensibility on the part of colloids to external 
ts.” ; wae 

“ Another eminently characteristic Bao of colloids is their muta- _ 
bility. Their existence is a continued metastasis. A colloid be 
compared in this respect to water while existing liquid pha tecaparabiaat ° 
below its usual freezing point, or to a supersaturated saline solution. 
The colloidal is, in fact, a dynamical state of matter; the crystalloidal 
<r ty Vere gl lly diffusive crystalloids from euch — 

“For the separation of unequally diffusive i ch 
other, jar-diffusion was had recourse to. . . . The separation of a 
crystalloid from a colloid is more properly effected by a combination of 
diffusion with the [osmotic] action of a septum composed of an — 
insoluble colloidal material. . . . This separating action of the colloidal 
septum is spoken of [in Mr. Graham's paper] as dialysis,” 

“ Ice at or near its melting point appears to be a colloidal substance, 
and exhibits a resemblance to a firm jelly in elasticity, the tendency to 
rend and to redintegrate on contact.” Regelation, according to this 
view, is the form in which the property of redintegration, belonging to — 
all colloids, is exhibited by ice.* = 

The truth of the view of the nature of ice, at or near its , 
point, thus taken by Mr. Graham, will require to be tested by optical 
means, by which it must be ascertained that, at those temperatures, it 
really is not a crystallised body. A further verification may be ob- 
tained by determining whether the alleged colloidal ice resists the 
passage of electricity as crystalline ice is known to do, and what 
changes the non-conducting power of the latter aca HE a the 
reciprocal conversion of the crystalloid into the colloid state, until it 
becomes the conducting power of liquid water. (Faraday, ‘ Exp, Res, 
in Elect.’ mp 403.) Should its truth be established, Mr. Graham will 
probably be admitted to have discovered the key to the explanation of | 
all the conflicting statements and theories eggs ey nature of 
regelation and of the motion of glaciers, Ice, Loge with “ 
other bodies, and perhaps all, will be both a colloid and a 
That which Dr. Faraday, in his recent experiments, found to have the 
flexible adhesion, will prove, in this case, to be the colloidal or vitreous — 
form of that substance (ice-glass, in fact; almost identical with Mr. 
Brayley’s homologue of that hitherto hypothetical body, as evinced by 
facts reeorded by Mr. Graham, which will presently be ailverted to), 
while the rigid adhesion will be found to characterise its crystalloidal 
form; and the circumstances from which he inferred that the former 
has not in reality the properties of sticking and tenacity—in short, 
those of a viscous substance, will be found to arise from the constant a 
and rapid passage—the metastasis of Graham—of the colloid into the 
crystalloid body, 

Regelation will consist of the passage, under small changes of pres- 
sure and temperature, of crystalloid into colloid ice, and its re-conver- 
sion into the former, the “ cementation” and “ redintegration” of the 
colloid intervening; and thus Faraday’s own interpretation of his 
experiments and Professor Thomson's will be brought into harmony 


* The Rev, Canon Moseley had previously defined regelation as the * pro- 
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perty of passing from a disintegrated into a solid state.” 
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“The theories of glacier motion of Forbes, Thomson, and Tyndall (in- 
cluding the explanation of the plasticity of ice by the latter), and the 
views respecting it of Hopkins and Whewell, may prove to be equally 
true, or some of them unnecessary. Under the reciprocal changes of 
pressure and temperature going on in a glacier, it will follow that every 
part of it must be perpetually changing from a truly viscous or plastic, 
colloidal, ic state, maintained only for a short time, to the rigid, 

loidal, statical condition of ordinary ice; which, under the same 
will again transiently assume the colloidal form, only to 
i , and so on in a succession which can 


identical with itself; and thus Mr. Brayley’s arguments 
for the virtual identity with regelation of the by which two 
plates of plate- become one, which Dr. Faraday’s new results 


and continued metastasis of colloids are manifested in the 

ion of i idity recognised 

Mr. Brayley; and Mr. Graham's comparison of a-colloid in that 
“to water while existing liquid at a temperature below its 
usual ing point, or to a supersaturated saline solution,” is a 
. Brayley’s view of the molecular constitution of glass 

cited. Colloidal 1ee (if it shall be proved to exist), and unfrozen 
ww 32°, are evidently degrees of the same condition, and thus 
Mr. Brayley’s suggested homologue of the glassy condition of water is 
almost equivalent to the former, and if,as seems conformable with 
known facts, we assume that the colloid state of water cannot begin 
until it is reduced to the temperature of its greatest density, that 
homologue will include, almost explicitly, Mr. Graham’s colloidal con- 
dition ofice, Some nice questions of temperature will, however, have 
to be settled by ent; and indeed the subject is now ripe for 
those tative tions in which the e discussions of 


obstacles, would crumble when its temperature was raised one degree 
of Fahrenheit. It is its great dilatability which gives to ice this ten- 
dency to disintegrate, when, not being free to dilate, its temperature is 
raised, even so slightly as this, Agassiz describes a disintegration of 
the transparent ice of the blue bands of glaciers when laid bare, which 
appears to be due to its expansion.” ‘Bulletin [Bibliothéque] de 
Gendve,’ vol. xliv.,p. 142; (‘ Proc. of Roy. Soe.’ vol. xi., pp. 171, 172.) 

According to the experiments of Melloni on the transmission of 
radiant heat, ice transmits none (absorbs all) of the calorific rays issuing 
from copper at 212°, or at 752° Fahr., nearly approaching a red heat; 
and transmits only 0°5 of those from incandescent platinum, and only 
6 per cent. of such rays from the Locatelli lamp. In these cases the 
heat is absorbed in the internal liquefaction of the ice. 

The colour of liquid water varies, according to tlte thickness of the 
quantity examined, from a yellowish green of all degrees of intensity 

h green and blue-green to intense blue, such as that observed in 
great depths of the sea. Professor Tyndall has introduced into British 
demonstrative science, if indeed he has not devised, an experiment in 
which the colour of water is exhibited by passing the light from the - 
voltaic lamp through a long tube of water closed by glass at both ends, 
and receiving the image on a screen. In this experiment, with no 
greater thickness than twenty feet, the colour of water is seen to be 
yellowish green. Ice, probably, has the same range of colour; being, 
like water, colourless in small masses; it is greenish or bluish in large 
masses. Pure aqueous vapour is colourless in the greatest thicknesses 
in which it has been examined. 

Many important facts, and inductions from them, relating to the 
electrical properties of water in all its three states of aggregation, will 
be found referred to under their respective appellations in the Indexes 
to Faraday’s ‘Experimental Researches in Electricity,’ and in ‘ Che- 
mistry and Physics,’—indexes which are enhanced in value by having 
been constructed by the author of those researches himself. 

The of the solidification of water by depression of tempera- 
ture is noticed under Freezine, and Freezinc anp Mettrine Pornts. 
The lowering of its freezing-point by pressure, as discovered by Pro- - 
fessor J. Thomson, is stated in the article last cited, and has been 
referred to in the present article, and also under Ion, The theory and 
quantitative calculation he originally gave respecting it will be found 
in the ‘ Transactions of the Royal Society of Edinburgh,’ vol. xv., and 
the ‘Cambridge and Dublin Mathematical Journal’ for November 
1850. Ice, as a crystalline substance has been described under Hatt, 
Hoar-Frost, and Snow. Its specific gravity is stated in the last. Mr. 
J. Chapman, Professor of Mineralogy in the University of Toronto, in 
the ‘ Canadian Journal of Science’ for 1861, has questioned the truth 
of referring the erystallisations of ice to the rhombohedral system. A. 
mode of investigating the process of formation of the stellar and other 
aggregations of crystals so characteristic of snow, under circumstances 
more convenient than those of observations which must be made at a 
t ture below 32° Fahr., has been pointed out by Mr. Joseph 


\ are remarkably deficient, and which must necessarily be of a 
and delicate description. 

But here we must conclude on this subject ; having merely indicated 
how wide a field for e research, observation in nature, the 
verification of hypotheses, and mathematical investigation, all relating 
to ice and water, has probably been opened to science by Mr. Graham's 
researches on liqui i 

From the preceding view of the obvious characters and actual nature 


of St. Petersburg, in 1848, and were afterwards published in 
its ‘Memoirs.’ The measurements had reference to observed tem: 


coefficient of dilatation of and more than twice 
other solid.” ner col. 637.] 
e modulus of e! ity of ice,* or the re 
under which it disintegrates; but Mr. Moseley has observed that “ If 
it were as elastic as slate and did not resist crushing more than hard 
brick, a block of it placed with its ends between two immoveable 


* The “modulus of elasticity,” we believe, has not been explained 
in any preceding article, Itis thus defined by Dr. Thomas Young, Sec. B. L., 
by whom it was introduced. ‘The modulus of the elasticity of any subst: 
is a column of the same substance, capable of producing a p on its base 
which is to the weight, causing a in degree of pression, as the length 
of the substance is to the diminution of its length.” This definition is given in 
Dr. Young’s ‘ Mathematical Elements of Natural Philosophy,’ appended to his 
celebrated ‘ Lectures,’ Lond., 1807, vol. ii., p. 46. It oceurs in Section ix, 
treating ‘Of the equilibrium and strength of elastic substances.’ These ele- 
ments are not inserted in Professor Kelland’s edition of that work; but the 
section is reprinted in the late Dr. Peacock’s collection of the ‘ Miscellaneous’ 
Works’ of Dr. Young, vol. ii., p. 129. The application of the expression is 
explained and illustrated in Lectures xiii, and xxxi, 


which, according to the Rev. Canon hago sf F.R.S., “is nearly twice 
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Spencer, and adopted by Mr. Glashier. It consists in observing the 

isation of camphor, in which similar tes are produced ; 
and has been described in papers read before the Greenwich Natural 
History Club, in the year 1856, and issued by the British Meteorological 
Society. The compressibility and Exasticity of water have both been 
treated of under the latter head. 

The phenomena of the conversion of liquid into gaseous water or 
aqueous vapour, and its properties in that condition, have been stated 
in the articles Bore or Liquips; Esvunurrion; Evaporation; 
Srzam; Vapour; and Vapour OpaLEscENT; those of its reconversion, 
or condensation, into liquid water and ice, under several heads above 
referred to, and also in the articles Dew and Rary. The evaporation 
of ice has been noticed under Syow. . 

The absorptive power for heat of aqueous vapour has recently been 
examined by Professor Tyndall, in his researches on the absorption and 
radiation of heat by gases and vapours, (‘ Phil. Trans.’ 1861); in which 
he found that hydrogen, the two gases which are the essential con- 
stituents of the atmosphere, and atmospheric air itself, absorb respec- 
tively about 0°3 per cent. of the calorific rays emanating from a copper 
surface coated with lamp-black, heated by boiling water. “On a fair 
November day,” he adds, “the aqueous vapour in the atmosphere 
produced fifteen times the absorption of the true air of the atmosphere. 
It is on rays emanating from a source of comparatively low temperature 
that this great absorptive energy is exerted; hence the aqueous vapour 
of the atmosphere must act powerfully in intercepting terrestrial 
radiation; its changes in quantity would produce corresponding 
change of climate. Subsequent researches must decide whether this 
vera causa is competent to account for the climatal changes which 
geologic researches reveal.” ‘ Proc. of Royal Soc.’ yol. xi., pp. 101, 102. 

Under Evaporation, Hycrometry, and Vapour, an account has 
been given of Dr. Dalton’s researches and yiews respecting the produc- 
tion and tension of aqueous vapour and its relations to the atmosphere, 
which for many years have been almost universally accepted and relied 
upon. Meteorologists, accordingly, have been accustomed to separate 
the pressure of the aqueous vapour from the whole barometric 
pressure of the atmosphere, and thence to infer the pressure of the 
permanently elastic portion, or as it has been called, the gaseous 
the pressure of the dry air, Colonel Sykes, in a paper read 
Royal Society some years since, and Lieut.-Col. Strachey 
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in a recent communication ‘On the Distribution of Aqueous Vapour 
in the Upper Parts of the Atmosphere,’ have questioned both the 
truth of Dalton’s hypothesis and the correctness of the application. 
A mathematical argument, showing the incompatibility of the hypo- 
thesis of a separate vapour atmosphere with the facts, will be found in 
a paper by the late astronomer Bessel, translated in Taylor's 
‘Scientific Memoirs,’ vol. ii. A more generally appreciable form has 
been given to this by Lieut.-Col. Strachey, who also has com the 
results calculated from Dalton’s hypothesis with the facts of the dis- 
tribution of vapour in the atmosphere, as observed by Dr. Joseph D. 
Hooker, the late Mr. Welsh, Colonel Sykes, and himself. From the 
entire investigation he concludes that “‘ The subtraction of the observed 
tension of vapour from the total barometrical pressure, in the hope of 
obtaining the simple gaseous pressure, must consequently be denounced 
as an absurdity ; and the barometrical pressure, thus corrected, as it is 
called, has no true meaning whatever.” (‘ Proc. of Royal Soc,’ vol. xi., 
pp. 182-189.) pee 

On the other hand, the application of Dove's method for obtaining 
the gaseous pressure, deduced from Dalton’s hypothesis, in Major- 
General Sabine’s paper on the ‘ Meteorology of Bombay,’ published in 
the ‘ Report of the British Association’ for 1844, appears to have been 
successful in bringing out true results, which also verify the law 
assumed. It would appear that there is something important on the 
subject yet to be explained; probably in respect of the relation of the 
observed phenomena which Dalton expressed by the hypothesis of 
gaseous substances being vacua to each other, to their aggregate 
pressure when mingled, and the manner in which that is made up of 
their separate pressures, if such they have. 

WATER (Medical Uses of). Several of the uses of water having 
been already stated, either under the article Barurne, or that of 
Foop in Arts anp Scrences,or Water, in Nat. Hist. Drv., it is 
intended to treat here of some of the applications of water. 

Snow-Water has been accused of causing goitre; but this charge 
seems unfounded ; and the occurrence of that complaint is due to the 
caleareoussalts which the snow-water in its descent from the mountains 
dissolves in large quantities. 

Such is the great purity of some springs, that they have been 
reckoned mineral waters, and resorted to as such. The chief of these 
is Malvern, the specific gravity of which is only 10002, and which con- 
tains a smaller proportion of foreign ingredients than any other water. 
The water. now supplied to the City of Glasgow, from Loch Katrine, 
is nearly equally pure, a point of great importance to the health of the 
inhabitants, and to the numerous manufactories of that city. Water 
artificially purified by Dr. Clark’s process, is supplied to oolwich. 
Some of the springs of Matlock are likewise very pure. Those of them 
which are thermal have their powers increased by the higher tempera- 
ture; but their beneficial effects, like those of Malvern, and Holywell 
in Flintshire, are mainly owing to their extreme purity; which shows 
how conducive to health pure water is, compared with that which is 
impure or contaminated. Many springs have their waters largely 
impregnated with carbonic acid gas, These are sparkling and pleasant 
to the taste, and when fresh-drawn produce some slight exhilaration. 

Vater charged with much free carbonic acid should never be con- 
veyed through leaden pipes, but through those of zinc or block-tin. 

Well-water is generally obtained from a greater depth than spring- 
water. It is also generally hard, or is apt to become so if kept in a 
reservoir lined with bricks, unless they be coated with an insoluble 
cement. The water from old wells is more pure than from recent ones, 
the soluble particles having been all gradually washed away. The pump 
and well waters in and about London, and chalky districts in general, are 
mostly hard. (Prout, ‘On Stomach and Renal Diseases,’ p. 210, 4th 
edit.) Not so that of the-artesian wells, which is of unusual softness. 
This renders water from these wells proper as a beverage for persons 
with a tendency to certain forms of calculous complaints, to whom 
hard waters are most hurtful. The causes of hardness in water and of 
the injurious influence of it on the health of many is scarcely 
sufficiently understood. Filtration only removes mechanical impurities, 
and even long boiling only precipit. certain of them, while in some 
instances it renders the water harder. For the analysis of water and 
an estimate of its mechanical impurities, see WaTER (Chemistry); and 
for the means of determining its hardness, see Soar-Trst. 

Distilled Water.—For many chemical, pharmaceutical, and even die- 
tetical purposes, water must be of greater purity than it is generally 
found. For this end it is directed to be distilled, in which process 
never more than two-thirds of the water put into the still should be 
allowed to pass over. 

Toast-Water.—This is water boiled and poured on toasted bread, 
which in some degree lessens the vapid taste. An agreeable and bene- 
ficial degree of sapidity may be communicated to water which has been 
long boiled, by adding, previous to drinking it, a little of the common 
soda-water, which is merely carbonic acid gas diffused through the 
water under strong pressure, 

Mineral Waters are generally characterised by possessing some 
principle different from what is found in common water, or some of 
the ordinary princi les in unusual proportion, yet among these are 
reckoned certain springs which have no claim to repute beyond what 
is due to their extreme purity, such as Malvern and Holywell; or to 
having a higher temperature throughout the year, than the mean of 


the latitude where they are situated. These last are classed among 
the thermal springs, which are properly divided into two sections, the 
mineralized hot springs and the urmineralised, among which are some 
only tepid, such as Matlock, where some springs are 66°, the lowest of 
the class in Britain, and others cold, presenting this peculiarity, that 
the tepid springs arise from fifteen to thirty yards above the level of 
the river Derwent, whilst those which arise either above or below 
this range are cold. 

For practical pur; minefal-waters may be classed under four 
heads, each susceptible of secondary heads, according as they are hot 
or cold, or have other peculiarities, namely ; saline, alkaline, chalybeate, 
and sulphureous. It will not be possible to mention more than a few 
of the most important of each, . 

Saline aperient springs : of these some are hot, others cold. The 
chief are Carlsbad, Marienbad, Egra, Kissingen, Wiesbaden, Baden- 
Baden, Seidlitz, and Saidschutz, with Pullna, in Germany ; Cheltenham, 
Leamington, and Harrowgate in England; Dunblane, Piteaithly, and 
others in Scotland. 1 

Alkaline waters, owing their properties to different saline princi, 
are found at Carlsbad, ienbad, Kissi , Pullna, Saidschutz, Em 
is aoe and ees | in nape Phen! rrghesar wre France; 

arrowgate, Scarborough, and other Yorkshire springs, tenham, - 
Leami: mn, Bath, and elsewhere, in oe 

Chalybeate waters ; with these acidulous waters are often reckoned, 
as the iron is often associated with much free carbonic acid Some — 
of the chief are Spa, Pyrmont, Schwalbach, Marienbad, Aix- apelle, 
and Seltzer in Germany; Tonbridge, Harrowgate, and Brighton, in 
England; and Peterhead, in Scotland. 

Sulphureous waters: Aix-la-Chapelle, , and other : 
springs, are hot ; Harrowgate, Askern, and others in Yorkshire, cold ; 
Moffat and Strathpeffer, in Scotland, are also cold. M3 

Ioduretted and other waters. Many springs have of late been found 
to contain a notable quantity of iodine or bromine, others contain both : 
Creuznach, in Germany, contains both, but most iodine; Llandrindod 
and Park Wells (near eo in Radnorshire, the eee 2 issuing from 
the lias at Leamington, Gloucester, Tewkes 4 Cheltenham, 
contain iodine; bromine, but not iodine, exists in small quantity, in 
the saline aperient waters near London, such as Epsom, also in the 

rings from the coal-formation of Ashby-dela-Zouch, Newcastle-on- 

e, and Kingswood, and Bonnington near Edinb’ : Woodhall, near 
Ashby-de-la-Zouch, contains most iodine of any British springs yet 
investigated. : | 

Organic matters, termed Baregine, glairine, zoogene, &c., have been 
found in many springs. Of these an account may be found in Dr, 
Lankester’s ‘ Askern, and its Mineral Springs,’ p. 103. 

The waters of Selters (commonly called Seltzer) is exported to the 
amount of above a million and a half bottles. So also those of many 
other mineral springs; but they all experience some deterioration 
time. To lessen this, artificial imitations are made [ApRaTED Wa’ > 
These are often very valuable, but always inferior in efficacy to the 
waters drank at the springs. They are without the Juvantia, the 
change of air, scene, relaxation from business, and more regular hours 
and appropriate diet, insisted on at the chief watering places; to say 
nothing of the external use of many of the waters as baths, when 
resort is had to the fountain head. bs 

(See Osann, Darstellung der bekannten Heilquellen Europas ; Gairdner, 
On Mineral and Thermal Springs ; Vatter, Theoretisch-praktisches Hand- 
buch der ie EE OY Dictionnaire des Eaux Minerales, MM. 
Durand-Fardel, Le Bret, Lefort, et Francois; Paris, 1860, Report of 
Commission on Health of Towns.) 

WATER-COLOUR PAINTING (in Italian, Acguarella; French, 
Aquarelle ; German, Wasser-Farben). Among the ancients the colours 
used in painting were usually rendered fluid by means of water; the 
names given to the different kinds of painting being derived from the 
vehicle or medium mixed with the water in order to bind the colours. 
Tempera, or distemper, in which glue or some other gelatinous binder 


is employed; Fresco, in which the colours are laid on a moist ground 
of gesso, or plaster-of-Paris; MrytaTurg, are all water-colour ting : 
their history, and an account of the several processes, will be found 


under their respective titles: see also the general article Panyrine. 
In Encaustic PainttnG, as the name implies, heat was employed, the 
binding material being wax, or wax and resin; but some even of the 
methods of encaustic, or at least of wax-painting, as rooted ls 
ancients, were really water-colour, the wax or resin being ered 
miscible by the addition of an alkali (nitrate of soda, or nitrate of 
hewn? Oil-painting was not practised, or only practised in an imper- 
ect fotm, before the 15th century, when Van Eyck introduced the 
use of oil and varnish, or a vehicle composed by boiling linseed, Poppy, 
and nut oils with certain resinous mixtures, This vehicle was, r 
ever, found to be so much better adapted than any then in use for 
working,*and so much more effective and durable, as to be 
adopted by artists as soon as it became known ; and the various methods 
of water-colour painting were neglected, and fell into disuse, except for 
mural paintings, for which fresco was still employed, and 

intings and miniatures, which were commonly painted in tempera. 
frauremat Van Eyck, in Broo. Drv.) 

Water-colour painting, as the term is now understood—that is, 
painting on paper with colours diluted with water—is a process of 
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comparatively recent introduction. It is true that the Italian, Dutch 
and Flemish painters of the best period often executed their cartoons 
and finished sketches with water-colours, as may be seen in the car- 
toons of Raffaelle and of Mantegna at Hampton Court, which are painted 
on paper with opaque water-colours (or tempera), and in some of the 
sketches and drawings executed in transparent water-colours by leading 
Dutch and Flemish painters, of which examples are exhibited in the 
King’s Library at the British Museum: these, however, were not 
completed pictures, but only the drawings from which fresco or oil- 
paintings, or tapestry hangings, were to be executed. The art of 
water-colour Painting i in which the completed work is itself executed, 
with all the skill care of the artist, in water-colours on paper, is a 
product of this country. It to have gradually grown out of 
the methods employed by miniature painters, and the earlier examples 
were rather a kind of tempera than what would now be called water- 
colour painting, the colours being all rendered opaque by the admix- 
ture of white. Many of the early works of Paul Sandby [Sanpsy, 
Pavt, in Broa. Dry.], who perhaps has the fairest claim to be regarded 
as the founder of the English school of water-colour painting, are 
wholly executed in solid opaque colour. The new method, from which 
was directly derived the Yaa process of water-colours, grew into 
vogue in the latter part of the last century, and was at first known as 
“stained drawing,” a term by which pictures of this kind are described 
in the catalogues of the early exhibitions of the Royal Academy. The 
entire drawing was first carefully made out in light and shadow by 
means of washes of Indian ink, or of a gray or what was termed a 
neutral tint, and over this the respective local colours were passed in 
thin washes of transparent colours—much of the effect being due to 
the neutral tint appearing through and modifying the harshness of- the 
superposed colours, The nap hohe here minuter details, &c., were put 
in with a reed-pen either immediately before or subsequently to the 
laying on of the local colours, The older works in this manner have 
generally a cold, gray, feeble a) , but sometimes very pleasing 

heric effects were obtained; and in the hands of Cozens, and 
still more of Turner, Girtin, and Prout, whose earlier drawings were 
all commenced with a monotint, pictures of great power and even 
grandeur were uced, 

The improved method, and that which, in principle at least, is still 
practised, consisted in abandoning the preparatory neutral ground tint, 
and painting-in every object in the first instance in its proper local colour, 
leaving it to subsequent shades and tints, either laid in thin washes of 
transparent colour, or with a kind of hatching stroke (the distinctive 
“touch ” of the artist), to modify the crudity of the first painting, and to 
impart the character and aspect which every sie should assume from 
its place in the picture and the atmospheric influences under which it 
is seen. is method originated, there can be little doubt, in the 
adoption by the younger landscape painters, Turner, Girtin, and their 
compeers, of the practice of making out-of-doors sketches and studies 
of scenery in colours, for which purpose the old method of employing 
a preparatory monotint would be found too tedious, and for representing 
evanescent atmospheric phenomena impracticable; while the striking 
effects that were produced in sketching by painting-in the local colours 
at once would soon lead to the adoption of alike method for more 
finished works. Yet even Turner and Prout continued to lay-in the 
larger masses of shadow with a monotint, long after they emplo 
loca] colour in the first instance in the lights and middle-tints. When 
once the new method came to be generally adopted, the progress of the 
art was very rapid ; water-colour painting acquired a remarkable degree 
of popularity, and its professors became very numerous. In 1805 the 
most distinguished practitioners of this branch of art formed them- 

of Painters in Water-Colours,” which has ever 

to hold an annual exhibition of the works of its 
members at their rooms in Pall Mall East, In 1832 the younger 
i , feeling that they were unable to bring their works fairly 

fore the public, established another society under the title of “The 
New Society of Painters in Water Colours,” and they have in like 
manner their annual exhibition. But both exhibitions are exclusively 
confined to the uctions of the members, At the Manchester 
Art-Treasures ibition of 1857, a very instructive collection of 
paintings in water-colours was brought together with a view to illus- 
trate the growth of the art, and it may be anticipated that a much 
more complete collection of a similar kind will be shown at the Inter- 
national Exhibition of 1862. The want of a permanent national 
collection of tings in this essentially British branch of art has 
however long felt, and though it has not yet been supplied, the 
nucleus of such a collection has, mainly by the spirit and munificence 
3 Lia individuals, been at length formed. [Sourn Kenstneton 

USEUM. 

The practice of water-colour painting as at present pursued in this 
country differs so much according to the habits of individual artists, 
and so little guidance could be given in a brief description of any 
particular method, that it will be best to confine ourselves to a few 
general remarks, The paper employed is usually of a hard substance, 
and more or less granulated according to the size and character of the 
picture, and still more the manner of the artist: some using paper 
with only a fine and others with an exceedingly coarsé grain or tooth, 
Some again prefer an absorbent paper, or paper of a peculiar tint, 
and others produce a peculiar texture by rubbing, sponging, or other 
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manipulative process: some of the most remarkable effects in their 
pictures (as in the case of Turner and Copley Fielding for instance) 
being toa great extent due to some such procedure. The pigments 
employed are of the ordinary kind, prepared in cakes by the ixture 
of a little gum, or “moist” by the addition of honey or some other 
saccharine material. The colours, as we have said, are painted-in of their 
proper local hue, and subsequently modified till the objects acquire the 
intended appearance. This was by the older painters usually effected 
with transparent colours only; but Turner, Harding, and others began, 
at first cautiously, and then with more freedom, to mix white with 
their colours, and this has been carried so far that now opaque (or 
body) colours often form, as of old, the substance of the water-colour 
paintings of some of our most admired artists. Another innovation is 
that of using gum, or some other vehicle of a like quality (water-glass 
has been tried), to give depth to the shadows. These are however 
objected to by many as not legitimate materials for the water-colour 
painter; but the majority of painters consider that it is lawful to use 
any means by which they can best convey the impression they desire 
to produce; and, supposing that equal truth and permanency as well 
as brilliancy can be so obtained, there can be little doubt that they 
are right. It must, however, be admitted that in many of the more 
elaborate recent pictures, something of the exquisite freshness and 
y of the earlier water-colour paintings has been lost in the 
attempt to reach the force and depth of oil. 
WATER, COMPRESSIBILITY OF. [Exasricrry, col. 773.] 
WATER AND WATERCOURSES. The right of conducting 
water through one piece of land for the use of another is an incor- 
poreal hereditament of the class of easements, and was known in the 
Roman law by the name of the servitus aque ductus. The right of 
taking water out of the well or pond belonging to another person is 
an incorporeal hereditament of the class of profits called in the Roman 
law the servitus haustus. These rights, in our law, must be either 
derived from a grant or established by prescription. [PREsorrpTron.] 
It is the law of England that water flowing in a stream is originally 
publici juris, that is to say, a thing the property of which belongs to no 
individual, but the use to all. The legal presumption is that the pro- 
ietor of each bank of a stream is the proprietor of one-half of the 
id covered by the stream, but there is no property in the water. 
Every proprietor has an equal right to use the water which flows in 
the stream, and consequently no one can have the right to use the 
water to the prejudice of any other without his consent. No pro- 
prietor can either diminish the quantity of water which would other- 
wise descend upon the proprietors below, nor throw back the water 
upon the proprietors above, so as to overflow or injure their lands, 
For the same reason, no proprietor has a right to use the water of a 
stream so as to injure its quality to the detriment of other proprietors. 
The only modes in which a right to the use of running water, in a 
manner inconsistent with the common law rights of others can be 
established, are either proof of an actual grant or licence from the 
persons whose rights are affected, or proof of an uninterrupted enjoyment 
of such a privilege for such a period as the law considers sufficient to 
constitute a right by prescription. The period of twenty years had 
been generally fixed upon by the courts of law and equity for this 
purpose, and the same period has been adopted in the Prescription Act 
(2 & 3 Will. IV., c, 71,8. 2). [Prescriprion.] But if water has not 
been appropriated, it seems that the person who first appropriates and 
renders it useful acquires a right, and for a violation of such right an 
action may be maintained on an enjoyment of less than bee A years. 
The privilege of a watercourse is not confined to private individuals. 
It may be vested in a corporation, or may be claimed by the inhabit- 
ants of a township or parish. If land with a run of water upon it be 
sold, the water primé facie passes with the land; but it is laid down 
by Coke that if a person grants aquam suam, the soil will not pass, 
but only a right of fishing in that water ; for the Maat ou words in that 
case to the soil would be, so many acres of aqué coopertas : 
whereas the word stagnum, or pool, will both water and land. 
(1 ‘ Inst.,’4, b.) The exclusive right to a flow of water once acquired 
can only pass by grant as an incorporeal hereditament, and a licence, 
by parol or otherwise, to use or take the water at any place, may be 
revoked even without an express power of revocation being reserved, 
unless works have been constructed and expenses incurred upon the 
ie ih uired 
en the owners of property have, by long enjoyment, acqui 
special rights to the use ft in its tateal nae oe it was accus- 
tomed to flow, and not merely a use, which is common to all the king’s 
subjects, an action may be maintained for a disturbance of the enjoy- 
ment; but where the injury, if any, is to all the king’s subjects, the 
only remedy is by indictment. The mere obstruction of water which 
has been accustomed to flow through a person’s lands does not in itself 
afford a ground of action. The plaintiff in such an action must be 
enabled to show, either that some benefit arose to him from the water 
going through his lands, of which he has been deprived, or at least that 
some: deterioration was occasioned to the premises by the subtraction 
of the water; but where the proprietor of the lands can prove that he 
is injured by the diversion of the water, it is no answer to his action 
to show that the defendant was the first person who appropriated the 
water to his own use, unless he has had twenty years’ undisturbed 
enjoyment of it in its altered course. If the injury. a by the 
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diversion or obstruction of water is of a permanent nature and injurious 
to the reversion, an action may be brought by the reversioner, as well 
as by the tenant in possession, each for his tive loss. 

The diversion of watercourses or injury to their banks so as to cause 
inundation are nuisances against which acourt of equity will protect 


parties by injunction ; and if there be a question as to the right to the | going 


flow of water, an issue will be directed to try it. Although a court of 
equity will not in terms decree the banks of rivers, watercourses, or 
navigable canals to be repaired, the effect of such an order may be 
obtained by an order that parties shall not be at liberty to use them 
while out of repair, or against their impeding the use of them by the 
obstructions consequent upon a state of disrepair. An injunction may 
also be obtained against conducting the water from one man’s tene- 
ment upon that of another to his injury by drains or otherwise, in a 
manner in which it has not been accustomed to flow. And it may be 
laid down generally, that, with respect to water and watercourses, the 
aid of a court of equity may be obtained for the purpose either of 
restraining injury or of quieting possession, 

WATE FALLS. In the article Vatteys we have arranged a 
general view of the main features of the earth’s surface, and a series of 


inferences touching the forces whereby the diversified forms of hills |’ 


and valleys have been occasioned, But these forms, though on a large J 
scale they appear permanent, because the great modifying agencies 
which produced them have passed away, are really undergoing continual 
change from causes in daily operation. The most solid stone is wasted 
by the feeble but unceasing power of decomposition possessed by the 
atmosphere. Rain washes away the disintegrations occasioned by 
varying temperature and chemical processes; the hills lose and the 
be gain, and the balance of decay and renewal of land is only 
finally adjusted on the shores and in the basin of the sea, Among the 
phenomena which show this mutability of the supposed solid land 
with most distinctness, are interruptions to the general uniformity of 
the inclinations of valleys and the even slo of hills: for monk 
changes of sg 34 are,points of variation of the intensity of the agencies 
excited by the slope. These interruptions of uniformity are all 
referrible to the unequal power of resistance which rocks of different 
hardness, or dissimilar position, or unequal thickness, or unlike modes 
of association present to external agencies. Thus have been formed 
round the high limestone hills of the northern counties a series 
of rocky terraces, not less regular than the escarpments made by 
military art; and thus the oolitic ranges of the Cotswold show 
horizontal mounds of sand and cliffs of stone above the broad plains of 
lias clays and red marls which margin the Severn and the Avon. On 
these grand features of the earth’s surface the action of the atmosphere 
(including chemical and mechanical operations) produces only slight 
modifications ; but when the terraced slopes in their flexures round the 
hills turn into the valleys, anew agency is brought to work upon them. 
Rivulets, however small in quantity, and torrents, even such as are of 
only temporary energy, exert a positive influence in wasting and trans- 
porting away earthy materials; and these effects rise to a maximum 
wherever, from any of the causes already alluded to, the surface of the 
earth presents successive points of less and greater power to resist the 
action of running water. Wherever, in a valley whose slope is con- 
siderable, the masses successively crossed by the stream are of 
very unequal hardness, as, for example, when solid limestone is found 
resting on soft shale or feebly indurated sandstone, a more than 
ordinarily rapid current is occasioned over the lower beds of the lime- 
stone into the upper bers of the shale. This difference of slope in the 
running water is of a nature to increase continually to a certain point, 
depending on the relative firmness and thickness of the hard and soft 
rocks, the inclination of the valley, the magnitude of the stream, and 
other less important particulars. us rapids and cataracts are formed; 
and where the conditions combine in the most favourable degree water- 
falls, to use that term in a more specific sense, are produced. 

The character of these varies according to the disposition of the 
yielding and resisting portions of the rocks. Wherever stratification is 
absent, as in granite, or concealed, as in some metamorphic slates, the 
main features of the waterfall are determined by the direction of the 
natural joints in the stone. Hence the picturesque character of the 
falls of the Bruar (Highlands), Lodore (Cumberland), and the Rheid- 
diol (North Wales). In some cases these natural joints yield in parallel 
lines, and give a deep narrow passage to the water. Beale Force, in 
Cumberland, is an example, But the most interesting, if not the 
most picturesque, class of waterfalls, is occasioned by the stratified 
rocks; and the most curious of them are observed where hard lime- 
stones or gritstones rest upon yielding shales or soft clays, By the 
continual action of the stream, the shales, kept constantly damp, 
crumble and fall away even at considerable heights and distances from. 
the points where they are touched by the water. Thus, a hollow space 
is formed beneath the limestone which crowns the precipice; and this 
proceeds so far as to reach at last some of the natural joints which 
divide the rock. Then the limestone falls down, the waterfall recedes, 
and the process of rewoval and destruction is renewed. Thus, on the 
sides of the hills, in the limestone dales of the northern counties of 
England, the waterfalls are daily receding up the streams, and thus are 
the Falls of Niagara forced continually farther up the river. The pro- 
cess is by no means slow. Beneath Hardrow Force, in Yorkshire (a 
fall of 99 feet), the effect since the general valley of the Yore was exca- 


vated by other forces has been to produce a sinuous 
vertical walls of rock, at the foot of which yet lie 


all points connected with the operations of running water) 
consulted. Exactly such effects as are here attributed to 
streams happen on the sea-coasts where rocks of a particular nature 


posite side of the chasm, — 
| is actually stopped by it and dispersed before it can reach the bottow.”” 


and its subsequent disengagement, “This enormous cataract, in its — 
descent, like every other cascade, carries along with it a quantity of 
air, which it forces far below the surface of the water, an experiment — 
which any one may try on a small scale by pouring water into a — 
tumbler from a height, The quantity of air thus down by 50. 
vast a river as Niagara must be great, and the depth to which it is — 
driven in all probability considerable. It may also be much condensed 
by the pressure; and it will rise with proportionate violence both on 
the outside of the cascade, and within the sheet or curtain which forms 
the cataract.” He mentions also the blast of wind which rises accord- 
ingly from the pool on the outside of the sheet. To the explosion, as it 
may be termed, of the bubbles, thus constituting this enormous 
perpetually renewed accumulation of bursting froth, we must ascribe 
the greater part of the sounds which combine to produce the roar of 
the Niagara falls. In doing this we apply to the subject the observa- 
tions of Professor Tyndall, on the sound of breakers and the roar of | 
the ocean. (‘ Vacation Tourists in 1860, p. 807, note.) The i 
of water against water, he has shown, is a comparatively sul 4 
source of sound; though in this case, from the enormous masses of 
water concerned, and the momentum which those of the river acquire 
from the height from which they descend, the sounds proper to that 
impact must be very considerable. The sonorousness of the roar, also, 
with this ascription of it, principally, to the violent impact of 
air against air, the air impinged upon being that of the free atmo- 
sphere, by which the sound is communicated to the ear. The ex- 
gan of the bubbles must take place, in many instances, with 
enormous force, owing to the resistance presented by the immense 
cohesive power of films of water, and occasion corresponding loudness 
of the sounds, which, however, in coalescence and rapid succession 
are heard as an interminable roar. i 
To these, no doubt enormous bubbles of condensed air, rushing 

upwards to the surface of the pool, and expanding as they rise, we 
must also probably attribute the production of the sharp-pointed 
cones of water which are continually projected upwards from the pool, 
on the outside of the fall, sometimes to the height of a hundred and 
ten or twenty feet. They are further described by Captain Hall (who, 
however, expresses no opinion as to their origin), as resembling some 
comets in form, their point, or apex, which is always turned upward, 
being quite sharp, and not er, he estimates, “ than a man's gers 
and thumb, brought as nearly to a point as possible. The conical 
which stream from these watery meteors may vary from one or two 
yards to ten or twelve, and are spread out on all sides in a very 
manner.” ‘The actual production of these cones, and their emergence 
from the surface of the pool, which must be their beginning above 
water, ifthe origin here ascribed to them be the true one, are concealed 
by the clouds of spray in which the bottom of the falling sheet is 
constantly hidden from the view. Out of this they are at all times 
Tie clond f is itself teresting ph 

is cloud or mist of spra; itself an in’ ing phenomenon, 
characteristic more especiall. fr great falls, like those of Niagara, — 
uniting depth of fall and quantity of water. It arises from the bottom, 
where the impact of the descending upon the still or merely flowing 
water takes place; and it involves several physical considerations 
which seem to have notice, As produced by the Niagara falls, 
its extent and visibility from a distance have often been described. 
The lower part of the fall, according to Captain B, Hall, is 
always concealed by this rolling cloud of spray, which waves backwards 
and forwards, and rises at times to the height of many hundred feet 
above the falls, Isaac Weld describes it as consisting of thick volumes 
of whitish mist, having much the appearance of smoke from 
heaps of burning weeds ; such smoke, it may be added, itself consist- 
ing principally of steam condensed into globules of water, or steam- 
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cloud. The same traveller relates that this “cloud formed from the 
spray” of the Niagara falls was seen by him and his party on Lake 
Ontario, at the distance of -four miles, as “‘a small white cloud in 
the horizon,” which i ily fixed in the same spot, its 
by a , “ varied every instant, owing to the 
ing of the mist from the cataract beneath.” But it is only 
seen at such a di he adds, when the “air is very clear and there 
is a fine blue sky.” Weld also describes the now well-known appear- 
ance of coloured bows in the spray, similar to rainbows, and for 
which it will be convenient in this article to use that appellation. _ 
Notwithstanding the production of these rainbows, proving the mist 


rain, it has frequently been described c 
with fog and the clouds of the sky,* although rainbows do not occur 
in them, and although we have no reason to believe that the conversion 
of water into vapour can ever take place by mechanical action, however 
violent and continued. Were this possible, indeed, it could not but 
take place at these falls, where the water is perpetually exposed to the 
consequences of greater mechanical force than under any other circum- 
stances whatever, either in nature or art ; where indeed all the circum- 
stances are most fayourable to such conversion, were it physically 
possible. 

We-have seen in the example of the Voring Fos, how enormous is 
the force with which the spray into which the descending is divided by 
the momentum with which it falls upon the still water, and partly, no 
doubt by the resilient elasticity of the latter, is driven upwards. Such 
spray, but greatly varying in magnitude, number, and approximation of 
particles, and therefore in their aggregate effect and appearance, may 
be produced under conditions in which water impinges with great 
force upon water, or upon solid bodies, or solid bodies upon it; also as 
in storm-epray, by the action of the wind on the surface of the sea, by 
which, as by the perpetual action of waterfalls, persistent mist is fre- 

uently occasioned. Further, it is produced to a sufficient extent for 
the appearance of rainbows, when the waves of the sea, at their sum- 
taits, curl and break into foam under the force of a breeze, But the 
-mist of great waterfalls is in all probability occasioned, in 
the greatest degree, and as consisting of the most minute particles, 
violent bursting of the multitudinous air-bubbles already 
described, fortning the froth or foam of the falls, by which the films of 
water inclosing the air are rent into minute dust, as it were, of water, 
incalculable in the number of icles in a given space, and capable of 
suspension in the air, like the globules of which the clouds of the sky 
themselves consist. [CLoups. 

These icles, however, differ tly from those of the clouds, and 
the connection of their history with the subjects of the smallness of 
the particles into which water is thus mechanically divisible, and the 
true nature of the clouds, and of the globules or particles composing 

several respects instructive. The spray of wa and 

of the crests of waves consists of globules or particles of water, result- 

usively, from its mechanical division; but the production of 

_ rainbows in it evinces that it is identical, within certain limits, 

the magnitude of the , their distance from each 

siven space, not with true cloud, but 

with the rainbow of the sky occurs under 

ordinary circumstances. We have, therefore, in the production of that 

meteor, a kind of measure of the itude, constitution, and dis- 

tribution of the particles, which, in all these cases, it is demonstrable 
tnust be geometrically solid. 


se 


dogma with many meteorologists, that the sacra 


vapour floating over a cup of coffee in the 5) i 
f. The strongest ent in their fayour, however (for there 
great room for optical illusion in such matters), is that adduced by 
in, that the sun striking on a fog or cloud [+] pnd no 

rainbow, which it ought to do were the water collected in spherical 


* Sir C, Lyell, for example, in his ‘ Travels in North America,’ first identifies 
the spray-cloud of Niagara falls with the clouds of the atmosphere, and then 
with the undoubted steam-cloud rising from Etna (and other volcanoes), which 
he also identifies with the clouds, regarding both ph as elucidating their 
nature. But while the steam-clouds of volcanoes are indubitably of the same 
nature with the clouds of the atmosphere, the spray-cloud of Niagara, as shown 
above, is different, notwithstanding its appearance. 

{t The coloured bow similar to that produced by rain observed in mists lying 
upon low grounds, as mentioned in the article Rarwpow, is evidently caused by 
the drops of water resulting from the aggregation of the aqueous particles 
ey ee me ine eee eee ee me protmatlon of, vale) Sos 


drops. This argument does not admit of a ready answer; but the 
difficulty, on the other hand, of conceiving any possible mode in which 
such bubbles can be formed, disposes us to believe that the extreme 
minuteness of the globules may perhaps be found to afford one, their 
diameters being probably of an order comparable with the breadths of 
the luminiferous undulations.” * 

In the steam-cloud issuing from the boiler of a locomotive engine, 
whether immediately above the funnel, when blowing off, or at a dis- 
tance from it, or in the puffs of steam given off during the course of 
the engine, no rainbow is ever visible, as the present writer can testify 
from observation: they appear to be physically identical with the 
clouds of the sky. With this agrees another point, the production in 
all these cases of opalescent vapour [VaPour, OPALESCENT ; WEATHER], 
which also is always caused in the clouds of nature ; intervening, as a 
middle term, in the conversion of invisible vapour into cloud, and in 
the resolution of cloud into invisible vapour. Its occurrence in both 
processes may be observed in and about the clouds at almost all times 
during the presence of the sun, or just before or after it; but less fre- 
quently, and only under favourable circumstances, in moonlight. The 
solar radiation, and the capacity of the air for more vapour on and 
above the upper surfaces of clouds, often render the intervention of 
opalescent vapour invisible in that situation, but it may always be seen 
in the reverse process, in the vapour-plane or vapour-zone [VaPouR- 
Pane] at the base of masses of clouds, especially of cumuli, But the 
production of opalescent vapour does not occur with the spray of water- 
falls or waves. The reason seems obvious. The clouds of the atmo- 
sphere and of the steam-engine consist of Pontes so minute that very 
slight local changes of temperature will effect their resolution, and so 
near to each other that the amount of opalescent vapour produced by 
every one, individually, coalesces into an aggregate mass for all, so 
that, though only momentary for each globule, it is persistent for the 
mass, and therefore becomes visible. But the particles of the spray 
are, comparatively, so large, that much greater differences of tempera- 
ture are required for their conversion into invisible vapour, and also so 
distant, comparatively, from each other, that the local momentary 
opalescence ceases, before, by the coalescence of that produced at many 
points, it can become visible, 

We may safely conclude, therefore, it would appear, from all these 
facts and arguments, and in corroboration of opinions generally but 
not universally held, that the clouds are really composed of excessively 
minute globules of liquid water, not hollow, and not consisting in any 
respect of vapour (though necessarily intermingled with it), which, 
having resulted from the condensation of yolumes of continuous vapour, 
or of vapour no otherwise discontinuous than as occasioned by the 
uniformly interspersed particles of the air, are formed at insensible 
distances from each other; and that these at length (under circum- 
stances not altogether understood, and whether related primarily to 
heat or to electricity is also uncertain) coalesce into much larger glo- 
bules, or drops, exceeding in diameter the breadths of the lumniniferous 
undulations, and therefore capable, like the drops of watérfall- and 
wave-spray, of exhibiting the rainbow. hee Nr 

Minute globules or particles of water, it is now evident, exist of 
several orders of magnitude, each order having characteristic proper- 
ties, whether of its own, or arising from the mutual distance of the 
particles and their consequent number in a given space, or from the 
inglps with them of pure transparent aqueous vapour, or air, or 


The application to waterfalls of Professor Tyndall's observations on 
the sound of agitated water, was founded merely upon his note in the 
‘Vacation Tourists,’ cited above, the writer of the above remarks on 
the physics of the subject not having seen the paper in the ‘ Philo- 
sophical Magazine’ referred to in that note, until after they were in 
type. Professor Tyndall, after alluding in that paper (‘ Phenomena of 
a Water-Jet’) to the roar of the ocean as being caused by the bursting 
of bubbles, himself applies his inferences to waterfalls in the following 
manner :—‘ It is the same as regards waterfalls, Were Niagara con- 
tinuous and without lateral vibration, it would be as silent as a cataract 
of ice. It is possible, I believe, to get behind the descending water at 
one place [this is readily practicable, and frequently done]; and if the 
attention of travellers were directed to the subject, the mass might 
perhaps be seen through. For in all probability it also has its ‘ con- 
tracted sections,’ after passing which it is broken into detached masses, 
which, plunging successively upon the air-bladders formed by their 
precursors, suddenly liberate their contents and thus create the thunder 
of the waterfall.” 

Professor Magnus, of Berlin, it appears, was the first to account for 
the production of bubbles when water is poured into a glass,—the 
same physical phenomenon as their production by waterfalls. It is 


* This is one of the very few cases in which it has been possible to consider the 
sensible magnitudes of the particles of ponderable matter as proportioned to the 
measurable attributes of the ether, or to treat them as commensurate, Another 
ease has been pointed out by Dr. Faraday, who has shown that seven and a half 
leaves of gold-leaf might be placed in the space occupied by a single utidulation 
of the red ray of light, and five in one of the violet ray; so that a single leaf of 
beaten gold occupies in average thickness no more than from one-eighth to 
one-fifth part of a wave of light. (‘ Proc, of Roy, Inst.,’ vol, ii., p. 810; ‘Phil 
Trans,,’ 1857, p. 147.) 
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briefly thus, as he proved by experiment: a concavity is formed 
the falling water at the point where it strikes the water below; ae 
closes in as soon as the least motion has been imparted to the surface, 
and the air within it is carried downwards. It will readily be seen 
how illustrative this ex tion is of a part of Capt. B. Hall’s account 
of the air-bubbles at the Niagara falls, and of the applications of it 
above; but no part of the air, it must be inferred from the experi- 
ments of Professors Magnus and Tyndall, is carried down by adhesion 
to the water. 

In another part of his paper, Professor Tyndall, illustrating experi- 
mentally the subject of the contracted vein [Hypropynamics, col. 774] 
describes the resolution of the vein or stream of water, after i 
the contracted section, into detached masses; and observes, “ Follow 
ing the jet downwards, we find that these masses become more and 
more attenuated ; and were the height sufficient, they would finally 
appear as a kind of water-dust, an example of which on a large scale is 
furnished by the Staub-bach, near Lauterbrunnen, in Switzerland. 
Travellers usually attribute the breaking up of the Staub-bach to 
atmospheric resistance, but the latter has comparatively little to do in 
the matter; were the surrounding space a vacuum, the same would be | 
exhibited.” This indicates an additional and very effective cause of 
the production of waterfall ‘spray, and is probably applicable to the 
phenomena of the Véring Fos, noticed above, which appear not to be 
accurately understood. (See ‘ Phil. Mag.’ Series 4, vol i, p. 1, and 


105. 
P WATER-GLASS PAINTING, a method of painting in which the 
vehicle, or binder of the colours, is a soluble alkaline silicate. This 
process, which has been in use for some years in Germany for mural- 
inting, and in which Kaulbach, among others, has painted all his 
wall-pictures, appears to have been invented, or greatly improved, 
by Dr. Johann N. Von Fuchs, who termed it Stereochromy, and pub- 
lished a pamphlet explanatory of the process and pointing out its 
advantages. This has been translated for private circulation by 
direction of the Prince Consort (chiefly with a view to the consider- 
ation of the applicability of the process to the paintings in the New 
- Palace at Westminster), under the title of ‘The Manufacture, Pro- 
perties, and Applications of Water-Glass (soluble alkaline silicate), 
including a Process of Stereochromic Painting.’ Mr. D. Maclise, R.A., 
who was engaged on the preparatory labours connected with painti 
in fresco a large picture, ‘The Meeting of Wellington and Blucher,’ 
in one of the two spaces (45 feet in length) in the Royal Gallery of the 
House of Lords, and who had been greatly impressed with the failure, 
as regards permanency, of the recently-painted frescoes, was led by a 
perusal of this pamphlet to determine on submitting the water-glass 
process to a searching investigation. He accordingly made various 
experiments, and, not succeeding to his satisfaction, proceeded to 
Germany to make himself acquainted with the method as actually 
tined. there, and to examine the works executed. The result was 
is conviction of its suitability. He has since executed various trial 
ictures, and he is now painting his great picture with water-glass. 
Mtr. J, R. Herbert, R.A., iho fa engaged in painting the Peers’ Robing- 
Room, also, having, “ after repeated experiments, modified it i 
to his own views,” expresses himself entirely satisfied with it. As its 
working capabilities have so far satisfied the practical artist, and the 
finished examples appear to have withstood successfully not only the 
effect of time,—as yet too brief to be conclusive,—but also the various 
tests hitherto applied, the process would seem to merit very attentive 
consideration. The frescoes painted within the last few years, not 
only in this country, but in Germany, where so much more attention 
has been given to them and artists are so thoroughly familiar with all 
the working details, have for the most become deteriorated to a very 
marked extent; and it will be an immense gain if the water-glass 
process proves to be a really permanent, as it would seem to be in 
other respects an efficient, substitute. It will be no doubt interesting 
to give a brief general statement of the process; for further particulars 
we refer to the ‘Twelfth Report of the Commissioners on the Fine 
Arts’ (1861), in an appendix to which Mr. Maclise has given a very 
sree of bis experience and ample details of the modes of 
working. 

The Water-Glass is composed of powdered quartz (silica) boiled in 
purified potass or soda, but, according to Dr. Pettenkofer, the chief 
authority on the subject, the potass solution is to be preferred. It is 
prepared by chemists of different degrees of strength, as it is 
to be employed for laying-on the colours or for fixing. The pigmenta 
are the same as those used in fresco-painting, but zinc-white is ‘the 
only. white that can be relied on, The ground is an intonaco, formed 
of river-sand and Portland cement, precisely as for Fresco, but some- 
what more absorbent. Kaulbach has the ground prepared with a 
granulated surface, insisting that “it should feel to the touch like a 
coarse ;” but this does not appear to be ‘y. Asmooth 
ground, if carefully prepared, takes the colours with equal facility ; 
and, in fact, the degree of roughness or smoothness may be pear 
at the pleasure and according to the manner of the painter. the 
intonaco has been well dried, and the cement hardened, the superficial 
sand is to be swept off, and the surface to be moistened with a saturated 
solution of carbonate of ainmonia (Mr. Maclise, we believe, employs 
lime-water), when it is ready for painting on. - 

The painting itself may be *xecuted in two ways, In the first, the 
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in a diluted form is mixed with the 
vehicle in working. But Mr. Maclise found that it 
to work with such a vehicle with sufficient facility, 
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finishing the parts 
following day, when the finished work is 
solution of water-glass, formed of “ two 
concentrated liquor imported from Berlin, and this soluti 
been twice ied, the painting is now 
Mr. Maclise applies the water- ly 
colour brush.” The Berlin artists use a syringe 
tion; and ee, Machen Sa ate advan‘ in “ sheddi 
of a syringe, a spray of colo water over portion 
i us producing “very easy fox pleasing 
necessary. The principal condit 
success appear to Mr. Maclise to be that the picture should be 
painted, water be freely used, and the ground be ully 
and very absorbent. 
In appearance water-glass painting bears a close affinity to ; 
Tt is flat, free from glossiness, and the colours appear ue; but the 
surface may be rendered glossy by using a concen ution of the 
water-glass as a varnish. As it aioe ol pee however, that the 
water-glass method seems especially fitted, the flat unshining surface is 
an advantage. In comparison with fresco, its superiority seems to con- 
sist in the colours remaining quite unaltered whilst working and when 
dry; in the process allowing the picture to be retouched and d 
out to any degree of finish not only during its progress but after the 
“ fixing ;”” and, finally, that it promises to be On this last 
and most important point we may remark whilst Kaulbach’s great 
frescoes have become seriously deteriorated, his large 
paintings remain quite uninjured; and in Munich some stereochrome 
pictures are said to have existed for twenty years without exhibiting 
i frescoes are allemore or less 


WATER, HOLY (in French, Faw bénite, or blessed water; but in 
talian, Aqua santa, as in English), is water blessed by the priest, 
which is used in many ceremonies of the Roman Cath church, as 
in the offices of gs os and burial, and in various parts of the mass or 


ordinary service. There is commonly a font of holy water in the porch 
of Roman Catholic churches, into which the co ion as they enter 
the church dip their fingers, and then make the of the cross upon 


their foreheads. The holy water is mixed with salt; and this is said 
to have been first done by Pope Alexander I., in the beginni 


and the Chris- 
to the 


some Roman Catholic divines as typi what is called the h; 
union of the nature of Christ, the salt being the emblem of his divinity, 
the water of his humanity. 


WATER-MACHINES, RBINES ; WATER-WHEELS.] 
WATER-MEADOWS. [Irrtcarion. 
WATER-MILLS, ATER-WHEELS. 


WATER-PARTING, in physical geography and geology, the term 
recently substituted for that of Watershed po fs as ha CSE 
the German Wasserscheide, in its primary and original signification, that 
of the line of separation between the contiguous basins of two rivers. 
{Rivers ; Warershep.] 

“WATER-PIPES, In addition to what has been said on the subject 
of the flow of water in pipes under Prez and Water Svurrty, it on, 


be desirable here to mention a few matters connected 


te to the water, 

pes are laid with socket joints run with lead; 
depth of the joi i i 
but even in the 
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Siiisineng secien uetemons tha of an inch for a 2-inch pipe, ¥ 


ouly instance recorded of the use of such pipes is in the great Riving- 
ton pene So arene’ ; “ 
made to introduce the wrought-iron pipes of large diameter, coated 


the pipes t 
diameter o: 


Liverpool pipes the pressure was even carried to 600 lbs. per inch, As 
Fule lead pipes are made 3 of an inch in thickness, The 


ferrule; and it would appear that the intervention of 
sufficient to ent the galvanic action between the iron and the lead, 
which Saat cthereion take All the small taps, valves, &c., 
upon service-pipes are made of brass; but the plugs, sluices, and 
valves, upon the mains are usually made of cast-iron. Zinc is rarely 
used for the purposes of water supply, and it is never used for the 
service-pipes; wrought-iron pipes themselves are not so much used for 
this purpose as lead, on account of the greater ductility of the latter 
metal. 


WATER-POWER and WATER-PRESSURE ENGINES. The 
weight and the impetus of a stream of water are frequently employed 
in mechanics as a source of motive power for the machinery used in 
industrial ions, in the form of the various kinds of water-wheels; 
and of late years the law by which water and other similar (practically) 
i pressible fluids transmit pressure in every direction, and tend to 
assume a constant level in any reversed syphon, has been made to serve 
the of mechanics by furnishing the power exerted by the so- 
called hydraulic cranes the water-pressure engines. The term 
water-power, therefore, simply refers to the force developed by the 
water in its natural fluid state; and it acts either by its weight, its 
impact, or by its power of fronsiihing, sm effort exercised upon any 
part of its erence. In an ov wheel the water acts almost 
exclusively by its weight, w 
i undershot wheel 


bearing 
ally it is the eg a of the water which produces the useful effect 
in all these cases ; but the interferences with its action are so numerous 
popular distinctions above referred to. 


engines used in mining operations, and the hydraulic cranes ; because 


that communication when the piston has arrived at the 
head of its stroke. The of the column of water acts, in fact, 
to raise the piston, to which the pump rods are attached; and the 
alternate downward motion is effected by the weight of the pump rods 
Sscapsiven, int the balttn SAMaR. lads the pump rods of the Cornish 
exgines work : the bottom of the cylinder is placed in communication 


It is customary to cast the smaller pipes, that is 
to say those of from 2 to 3 inches in diameter, in len “og od 
e 


0°75 of the real power 
most favourable for the establishment of the water-pressure engines; 
for it is only in them that the necessary conditions for their economical 
working occur naturally, These are, that a sufficiently copious supply 
of water should exist at a considerable height above the seat of the 
piston ; and that a free discharge for both the water which has served 
as the motive power and for the water raised should exist. The Huel- 
goat engine is placed at a distance of 360 feet from the surface, and it 
raises the water from a mine 754 feet below the level of the cylinders; 
the diameter of the piston is 3 feet 43 inches, its height 9 feet, and the 
length of the stroke 7 feet 64 inches; it makes, when in full work, 
54 strokes in a minute, and raises through the total height of 754 feet, 
in one lift, 396 gallons per minute ; there are two cylinders, but the 
galleries are not sufficiently advanced to keep them constantly at work : 
the descending and outflow pipes are 15 inches in diameter, the pump 
barrel is 18 inches in diameter, and the ascending pipe is 102 in diameter, 
M. Reichenbach has executed for the salt springs of southern Bavaria 
a great number of these water pressure engines; and it may be desir- 
able to add that the one at Illsang is set in motion by a fall of water 
328 feet in height, and that it raises, in one lift, not less than 1864 
cubic feet of water. 3 

The hydraulic or water-pressure cranes were invented by Sir W. 
Armstrong, and applied by him to the quays of Newcastle about the 
year 1846, in the first instance; but subsequently, their use has 
become general in other towns, wherein water is to be obtained under 
considerable pressure. In these engines the water is admitted to act 
upon one side of a piston working in a tight cylinder, and bearing a 
piston-rod, upon the end of which is fastened a ain passing over two 
fixed pulleys, under the pivot of the crane, and over a moveable one on 
the head of the piston itself, in order to increase the distance traversed 
by the load, at the expense of the power. The stroke of the cylinders 
is usually long, and by thus passing the chain over the three pulleys, 
the load is raised through a height equal to three times the stroke; but 
the load is correspondingly reduced in proportion to the effort exerted 
on the piston. There are valves placed at the bottom of the cylinder 
to close the access of the water to the piston, and to open the escape 
passages; and when the latter are opened the water escapes, and the 
weight of the piston, and of the machinery attached, brings the piston 
back to its original position. Relief-valves are placed near the slide- 
Valves, which give access or egress to the water, to guard against any 
sudden shocks from changes of direction in the movement of the water 
which might be likely to produce a hydraulic jar. The water-pressure 
cranes used at Newcastle had cylinders 12 feet long by 1 foot in 
diameter, and they worked under a head of water equal to 240 feet. 

The principle of the hydraulic press is, in fact, the same as the one 
involved in the water-pressure engine and the hydraulic crane. It 
consists in the faculty by which water transmits in all directions a 
power exercised upon any portion of its surface; the difference in the 
mechanical arrangement being simply that in the hydraulic press 
additional force is applied by means of levers and pumps, whereas in the 

ure-engines the statical pressure of the source of supply is alone 

tnt t into operation. [Hyprauiio Press; Hypropynamics.] 

WATERPROOFING, Textile fabrics, whatever be their character, 
are pervious to water from two causes: namely, the existence of minute 
spaces between the individual fibres of the yarn, whether of silk, cotton, 
wool, or flax; and the rectangular meshes consequent on the process of 
weaving. ‘To close up these minute channels, as likewise the pores of 
leather, so as to impart a waterproof quality-to the material, has been 
the object of a large number of patents, as well as of recipes which 
have not been patented. Mr. Hellewell took out one of the earliest of 
these patents, for a solution which should render cotton and other 
fabrics waterproof. ing to this plan, for a quantity of woven 
material equal to 1000 lb. weight, there are used 120 lb. of rock alum, 
80 Ib. of common whiting, 200 gallons of water. This mixture is 
intended, by the chemical action of its ingredients, to yield a solution 
of alumine, with which the cloth is saturated. After the saturation 
the cloth is pussed quickly through a vessel containing a solution, at a 
temperature of 100° Fahr., of yellow soap in water, the proportions 
being 3 Ib. of soap and 30 gallons of water to 50 1b. of cloth. This 
latter process is for the purpose of fixing the alumine in the interstices 
of the cloth, and enabling it to resist the action of water. The cloth is 
finally washed, to free it from any impurities, Mr. Hall patented a 
method of waterproofing cloth by immersion. He describes two kinds 
of solution employed for this purpose. 1st, two ounces of pulverised 
alum are disso! red in a pint of distilled water ; one ounce of dry white- 
lead is rubbed down in another pint of water; and the two solutions 
being mixed and allowed to settle, the supernatant liquor constitutes 
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the required agent. 2nd, one ounce of dry white-lead is rubbed down 
in hall a pint of water; one ounce of pounded alum is dissolved in 
another half-pint of water ; and these two solutions, ther with two 
fluid drachms of acetic acid, are mixed together, and allowed to settle. 
When the cloth has been immersed in the supernatant liquor resulting 
from either of the above solutions, it is through a solution of 
quicklime, and a third time through a solution of boiled Irish moss, 
which acts asa mucilage. One more example will suffice :—Boil 

an ounce of Russian isinglass in a pound of soft water till dissolved ; 
dissolve an ounce of alum in two pounds of water; dissolve a quarter 
of an ounce of white soap in a pound of water ; strain these solutions 
marae | through linen, and then mix them all together. Heat this 
liquid till it simmers, and apply it with a brush to the wrong side of 
the cloth, on a flat table. When dry, the cloth is brushed lightly 
with water. The intention of this process is to render the cloth im- 
pervious to water, but not to air, , 

The surface-application of a species of waterproof varnish has been 
the subject of many patents. Messrs. Mills and Fairman introduced a 
composition, formed of 100 Ib, of linseed oil, 40 Ib. of pipeclay, and a 
small quantity of burnt umber, white-lead, pounded pumice-stone, and. 
one or two other substances. These ingredients were melted together ) 
and ground to a smooth paint-like state, and then applied to the surface 
of the fabric with large knives, the cloth being stretched over wooden 
frames. When one surface was thus coated and dried, the other was 
similarly treated. This was not intended as a waterproof composition 
for ordinary clothing, but rather for tarpauling, awnings, coach top- 
covers, boat-cloaks, and other coarse materials, Mr. Newberry’s patent 
is for a mode of applying waterproof composition in such a way as to 
leave one side of the woven fabric free from its influence, thereby 
presenting to the eye a texture nearly resembling that of ordinary cloth, 
The method consists in saturating the cloth with the waterproof com- 
position, and exposing one surface only; in such a way, that the 
atmosphere, or artificial heat, may harden the composition on that 
surface into a dry membranous film ; while the other side, after being 
kept moist during the drying of the first, is cleansed from the com- 
position by means of spirit of turpentine. Mr, Newberry describes 
three modes of effecting this object. In the first mode the cloth or 
woven fabric is stretched over a frame, and after being saturated with 
the composition, is allowed to float on a layer of oil till the upper 
surface is dry; after which the lower surface is cleansed from the 
composition. In the second mode the cloth is stretched double, or in 
two plies, over a frame, saturated with the composition, and then lef 
to dry on the exterior surfaces, the contact-surfaces remaining moist 
until the time of removal. In the third mode recourse is had to a 
roller, on which the cloth is coiled, and a flat table of slate, stone, 
varnished wood, or other substance non-absorbent to the compordtion. 
The table is coated with a layer of the composition, and the cloth, 
being uncoiled and laid down upon it, is pressed and rolled tif] every 
part becomes wetted = the composition beneath. In this ‘way the 
upper surface may be cleansed while the lower is in contact with the 
table, and the latter is then exposed to a drying process. 

The application of a layer of cement, gum, or varnish between two 
other substances, with a view to render the inner one impervious to 
water, has been practised under many different modifications, including 
that which is known by the name of the inventor, Macintosh. Mr. 
Weise of Bermondsey devised a peculiar kind of fabric, which seems 
to belong to the class now under consideration. This fabric was to 
be used either as a material for hats and bonnets, in lieu of the usu:l felted 
beaver, or as a cloth for other garments. The materials consisted of 
beaver-fur, musk-fur, hare’s wool, Spanish wool, flax, down, ancl waste 
silk, any or all of which were to be combined, according to the Kind of 
fabric required. The materials were carded, roved, and spun into 
yarn, in the manner of cotton; and this yarn was soaked in a solution 
of caoutchoue, or Indian rubber, to zender the interstices between its 
fibres waterproof. The yarn was then woven into a textile: fabric; 
and in order to render the meshes impervious to water, the cloth was 
drawn over a heated cylinder, whereby the resinous composition was 
eo far melted as to flow into them. ‘The last part of the process was 
to raise a pile or nap on the surface by means of teazles or brushes. 

In Mr, Macintosh’s patent of 1824, the use of a cement between two 
layers of cloth was introduced. The it, or thick. elastic varnish, 
was made by dissolving caoutchouc in a small quantity of coaloil, the 

portions of the ingredients varying according to their quality;, This 
invention led to the remarkable ‘series of processes for water proofing 
— under CaoutcHouc MANUFACTURE. 

The attempts to render leather wa f depend in general on the 
filling up of the small pores which have previous! “Sdmit ted the 
tannin; the substance imbibed being such as will repel or resist water. 
eda methods have been proposed at different times, of ‘which it 
will be enough to mention a few. Melt over a slow fire a quart of 
boiled linseed oil, a pound of mutton suet, three-quarters of a p ound of 
yellow _bees'-wax, and half a pound of common resin, or smaller 
quantities in the like relative proportions; and with this tnixture 
saturate the leather of new boots or shoes, while the latter is sligh bly 
warm. Another method is to melt two ounces of yellow beus’-witx, 
two ounces of Burgundy pitch, and two ounces of turpentine, in a pit 
of linseed oil, and with this mixture to saturate the warmed Ivathur. 
The ‘ Journal of the American Institute’ gives the two followings ;~—i1. 
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ga of turpentine and two ounces of white 
mixture to the leather by means of a a \ 
of tallow to the leather; after this has dried, coat i 
mixture of one part of copaiba balsam with two of 
mixture for this purpose consists of six ounces © 
for two hours in two quarts of linseed or neats’ 
mode has been much recommended of spplying a hot m 
parts tallow and one part resin, with which’ the leather 


pletely saturated, the resin imparting an antiseptic quality to 
tallow. 


One of Mr. Sievier’s contrivances is for rendering leather at 
elastic and waterproof. A thin sheet of leather is cemented to a 
sheet of solid caoutchouc by a caoutchouc solution, and kept Q 
pressure for five or six — The compound fabric thus formed is — 
nearly inelastic, b e leather has temporarily ; 
elastic power of the caoutchouc; but by the application 
ture about equal to 180° Fahr., the caoutchouc Re 
the leather assumes a corrugated surface, similar to 
The leather, rendered thus elastic and waterproof, is then man 
into boots and shoes or other articles. 
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of another river, and therefore constituting the boundary-line 


The Rev. C. G. Nicolay, in the ‘Manual of Geographical Science” 
(vol. i., Terminology, pp. 422-3), enters into the following ‘ 
and critical discussion of the manner in which this term is to be 
stood :—“ The tendency of water to seek its level makes the position 
and quantity, as well as character, of the waters of the globe, 
dependent on its contour; every conical projection, every ridge, in 
short, every elevation of what sort soever it may be, becomes a water- 
shed; and that knowledge of the height, slope, and direction of the 
various watersheds of the earth's surface the first step to Prado 
contour, The word watershed, in geographical definition, the 
line by which any waters are divided from each other, and the water- 
shed of any country is no doubt such a line; but as every slope sheds 
water, and many rivers have their rise on slopes below the main water 
shed, some further division of the word—some classification of the 
districts to which it is applicable—appears highly desirable. As this 
does not seem to have been ever attempted, the following is offered as 
a suggestion. —— 

“That there is a line in every country which may be termed its 


rincipal watershed, will not be disputed; e country has some one 
Ristrict, usually in the direction of its , more a. 
than another, from the sides of which the waters collected from snows, — 


dew, rain, and springs pour down, until they are received into the 
basin of some i water, or at last into the sea; this may, there. 
fore, be properly termed its primary watershed ; but as the mountains: 
of the wurht Gath be satisfactorily ite Seon ep in bord ire 7 
connection, the highest ranges extending e greatest length f 
the continental nea: the term pri watershed should be confined 
to these; beyond them others of less considerable elevation are | 
the slopes of which are presented towards the primary watershed 
form with it deep hollows, into which their united waters are poured, 
while from the opposite slope the waters collected descend in a differ- 
ent direction, These may, not inaptly, be termed secondary watersheds, 
as paying the tribute of part of their waters to the primary, and 
forming the inferior limit to the principal river basins; while others 
rising beyond may be called tertiary. It will be observed that this 
classification affords not only a systematic division of the elevated land, 
but also of the waters of the globe, as appertaining to any of its parts ; 
rivers having their rise in the ey watersheds may also receive a 
similar designation, as may their basins; others may be termed 
secondary or tertiary, according to their position and the watersheds 
to which they belong.” 

In Dr. Beke’s records of travel and geographical works, the term 
“ water-parting” is substituted for “watershed,” for which change he 
assigns the following reason :—‘ The line of division and tion 
between the contiguous basins of two rivers, called by the ancients 


divortio aquarum, the parting (or flowing in opposite directions) of the 
waters, is in German called die Wasserscheide, which means literally the 
same. English 


geographers, following the example of geologists have 
adopted tis ewaaiioe! Swatersbed)’ which fs evidently a conuption of 
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It is worth the remark that the propriety of Dr. Beke’s substitution 


po 
site directions, and hence leads to the belief that the side of the basin 
of a river, rather than the division between the adjoining basins of two 
i intended. In fact, the expression has of late years been 
used in that sense. The substitution of the term ‘ water- 
parting’ renders the idea intended to be conveyed intelligible to all, 
expresses the Latin divortio aquarum, and the German 
Wasserscheide.” (‘Sources of the Nile,’ p. 3, note.) 
. Beke’s remarks are amply justified, it will be seen, by the 
previous discussion of Mr. Ni , and also in the following statement 
philosophy of the subject as one of the configuration of the 
, by Sir J. F. W. Herschel, who, it will be observed, while 
i previous implication the term watershed, in its primary 
signification, evidently connects it also with the meaning of the English 
word to shed. “ Possessed of a knowledge of the heights of stations 
the sea, we may connect all stations at the same altitude by 
lines, the lowest of which will be the outline of the sea-coast ; 
the rest will mark out the successive coast-lines which would 
the sea i and equal accessions of 
ighest mountains were sub- 
and the midge: lines Tack ig are 
their of in i these level lines at 
+4 eyes A to dat omniition, Aap shortest and 
is to say, the steepest and the most gen oping courses 
respectively, which pol be pursued from the summit to the sea. The 
former constitute ‘the water-courses’ of a country; the latter its 
lines of ‘ watershed,’ by which it is divided into distinct basins of 
drainage.” (‘ Outlines of Astronomy,’ par. 289.) 
, Captain H. Strachey, and his brother Lieut.-Col. R. Strachey, 
to whose contributions to scientific geography we have so often 
designate the northern and southern faces, or of the 
great table-land of Thibet [Ptatns] as the Turkish, and Himalayan 
or Indian ‘watersh 


giving rise to streams, or separating them, but as merely giving them 

In the signification of Wasserscheide, the water-parting, the 
part of the table-land itself is the-watershed. But Lieut-Col. 
meaning in which he uses the term by referring 
Indian watershed,” which is merely the summit of 


eminent her and geologist, Professor H. D. 
cuoans the parallel roads of Lochaber, [Vateys, 
states that each of them coincides “in level with some water- 
notch in the hills leading out from its glen into some other 
ing only by watershed an opening, by which water escapes 
and merely adopting one of the senses of the word shed. 
therefore, that at present the expression watershed is 
employed, by the first authorities, to denote an ion of inclined land 
on which water appears or descends from a hi to a lower level. 
The spirit of Dr. Beke’s remarks on the subject is applicable to other 
scientific terms which have been derived from the German language, 
from the phraseology of miners. Both 
~ were cultivated as sciences rs —— before 
they become such in England; and mining in the former country 
was a art with a copious terminology. Some of 
the principal founders also of modern geology in England had been 
i of Freiberg under Werner, which 
became an additional cause for the introduction of German terms into 
peace nero oy op wen manga tomas erie 
been i le, but an erroneous ure took place, of whi 
we have an example in the term which is the subject of the 
[a pr pastoe ety oer sound in ords 
made, of expressing their in nglish words, or 
constructing compound terms derived from the perennial sources of 
the Greek or Latin This was done even by men who were 
to take these preferable alternatives; thus, the late 
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, the term strike, now universally 
employed by English falngibts, for the German word streich, to denote 
the direction of stratified rocks, at right angles to their line of dip, as 
referred to the cardinal points. An unreasonable horror of technicality 
and appears to have prevailed among the gifted men to 
whom we have alluded, who, in their anxiety to avoid burdening the 


to be tacitly admitted by other geographers; for in the index 
to the ‘Manual of Geographical Science,’ published with the second 
volume, the passages above cited from Mr. Nicolay, explaining the 
applications of “ watershed,” are referred to by the words, “ water- 
parting, meaning of term,” although that term does not occur in them. 
This may be taken as an indication that it may not be too late to 
establish “water-parting” for the primary sense in which “ water- 
shed” has been received ; but we think that the latter may be accepted 
also, confined, however, to the secondary meanings to which, as we 
have seen, it has been extended, and more particularly to those 
involving the obvious meaning of the English words of which it 
consists. 

The importance to the inhabitants of a country of the geographical 
configuration or phenomenon described by the term water-parting, and 
the influence which a particular example of it may exert in the produc- 
tion of national ideas, is curiously illustrated by the Rev. A, P. Stanley’s 
interpretation, adopted and extended by Dr. Beke, of the story: told 
to the historian Herodotus, in Egypt, by the treasurer of Minerva’s 

at Sais, This was, that there were two mountains, named 
Crophi and Mophi, rising into sharp peaks, situated between the city 
of Syene in Thebais, and Elephantine; and that the sources of the 
Nile issued from between those mountains, half of the water flowing 
over Egypt and to the north, and the other half over Ethiopia and to 
the south. Herodotus observes that by the deep unfathomable sources 
described to him in this story were meant the violent eddies of the 
cataracts ; and Mr. Stanley argues, that to the ancient inhabitants of 
Lower Egypt, the sight or the report of such a convulsion as the rapids 
make “in the face of their calm and majestic river must have seemed 
the very commencement of its existence, the struggling into life of 
what afterwards becomes so mild and beneficent; and that if they 
heard of a river Nile further south, it was but natural for them to 
think it could not be their own river. The granite range of Syene 
formed their Alps—the water-parting of their world. If a stream 
existed on the opposite side, they imagined that it flowed in a contrary 
direction into the ocean of the south.” (‘ Sources of the Nile, p. 43; 
Stanley's ‘ Sinai and Palestine,’ p. xliii.) 

WATERSPOUT, a meteorological phenomenon of the same class 
probably as the whirlwinds which raise pillars of sand in the deserts of 
Africa: such whirlwinds, in fact, become waterspouts when they reach 
the sea; and when its reach the shore they in some cases 
become or produce whirlwinds. But there is much reason to believe 
that the name has been properly applied to several very different 
phenomena, 

The following is a general description of the production of a water- 
spout at sea :-— F 

Below a thick cloud the sea appears to be greatly disturbed within a 
circular area, whose diameter varies from 100 to 120 yards, the waves 
tending rapidly towards the centre of the agitated mass, where there is 
formed a vast body of water or aqueous vapour: from hence there 
rises, with a spiral movement, towards the cloud, a column of a conical 
form, resembling a trumpet. Vertically above this ascending column 
there is formed in the cloud, but in an inverted position, a correspond- 
ing cone, whose lower extremity (the apex of the cone) gradually 
approaches the summit of the ascending column; and at length both 
are united, the diameter at the place of junction being only two or 
three feet. The waterspout is said to be accompanied, during its 
formation, by a rumbling noise; and, when complete, it assumes a 
magnificent aie The whole column, which extends from the 
sea to the clouds, is of a light colour near its axis, but dark along the 
sides, which gives it the appearance of being hollow. 

The spout appears to move with the wind, though even when no 
wind is felt it sometimes varies its position, tending successively in 
different directions, It frequently happens that the upper and lower 
parts of a column move with different velocities, and then, after the 
whole has taken an inclined position, the parts separate from one 
another, often with a loud report, Previously to the rupture of the 
column, the dark parts seem to be drawn upwards irregularly, leaving 
only a slender tube in connection with the water below. The whole of 
the vapour is at length absorbed in the air, or it descends into the sea 
ina heavy shower of rain. The duration of the phenomenon is various : 
some spouts disappear almost as soon as they are formed, and others 
have been known to continue nearly an hour: occasionally they form 
themselves, continue for a short time, vanish, and again appear, and so 
on several times successively, 

Waterspouts are occasionally seen above land (of which some re- 
markable examples will be described in the sequel), and consequently 
there is then no ascending column of water or vapour to meet that 
which descends from the clouds. In Dr. (Sir David) Brewster's 
* Journal of Science’ (No. 5) there is an account of one which was seen 
in France: it is stated to have appeared like a conical mass of vapour, 
and to have given out a strong sulphureous smell; flashes of lightning 
issued from it, and threw off a great quantity of water. It moved 
forward in one direction oyer iat piewnde and valleys, and it crossed 
the course of a river, but on coming to hills of a conical form, it passed 
round them. The alleged sulphureous smell was no doubt that of the 
electric awra, so called, perceived when lightning has taken effect very 
near the observer, and probably often that of ozone in reality, Water- 
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spouts have occasionally been witnessed in this country. In 1718 one 
of them burst in Lancashire, when, at the place where it fell, the ground 
was torn up to the extent of about half a mile in length, and to the 
depth of seven feet, so as to lay bare the surface of the rock under- 
neath. (‘ Phil. Trans.,’ No, 363.) 

The formation of wa its has been ascribed to a whirling 
motion produced in the air by currents coming in opposite directions; 
it has been supposed that the particles of vapour in the upper regions 
thus acquire, ' the centrifugal force, a tendency to move towards the 
exterior of the column, leaving the interior void or in a rarefied 
state. The pressure of the atmosphere being thus removed from the 
surface of the sea or ground immediately below, that which takes 
effect on the surrounding water (when the spout is formed at sea) must 
impel the latter towards that part, and cause it to rise into the space 
where the inl vacuum exists. There is great probability that the 
elevation of the sea under the cloud is in part caused by the rarefaction 
of the air; but as the pressure of the atmosphere id only raise the 
water in a perfect vacuum to the height of about 30 feet, and as the 
height of a waterspout is known to be sometimes about half a mile, 
some other explanation of this part of the phenomenon must be 
sought for. 

Some valuable observations on waterspouts formed over land have 
been recently made by Major Walter S. Sherwill, an officer to whom 
we are indebted for various contributions to science, respecting the 

physical geography and meteorology of India. Among other instances, 

& has descri in a very instructive manner a waterspout of 
colossal dimensions which was seen to form and burst at Dum Dum, 
eight miles north-east of Calcutta, on the 7th of October, 1859. The 
circumstances preceding and attending the phenomenon were as fol- 
lows :— : 

The south-west monsoon [Monsoon] during the week had receiv. 
its first check by the north-east monsoon endeavouring to cross the 
Himalaya mountains, and to drive back the heavy masses of clouds 
“and moisture ” (probably clouds becoming floating small rain, having 
the aspect of mist) that had been banked up along their flanks during 
the whole of the rainy season, or during the prevalence of the south- 
west monsoon. At Dum Dum, the visible heavens were wholly 
occupied by a dense mass of very dly shaped and massively grouped 
strata of cumuli [CLovp] at various elevations; the lowest stratum, 
from actual measurement by Major Sherwill, was 2000 feet above the 
earth, the highest probably ing the altitude of 25,000 feet, the 
entire mass being about five miles in vertical thickness. The aspect 
of the heaveng during the few days had been most remarkable, 
presenting a scene of great disturbance ; the clouds, evidently impelled 
from the south by the south-west monsoon, but, checked by the 
north-east, the whole mass, extending for as many miles as the eye 
could reach from north to south and from east to west, acquired a 
roi and at the same time an undulatory motion; huge tracts of 
clouds revolving rapidly around a centre which es ct from the 
observer's position, Nistant about 1} mile from Dum Dum, to be about 
5 miles to the south-east. This rotary motion, performed in a very 
large circle, gave the clouds the appearance of moving in two distinct 
directions, those nearest to the observer appearing to be going north, 
and those furthest removed to be going south. In the early portion of 
the day, the wind had been from the south, bringing with it from the 
sea a large body of clouds; at noon it changed to the south-west, at 
2 p.m. to the west, and at 4 P.m. to the north: there had been but 
little rain during the day. 

The disturbance in the clouds took place between the hours 
of three and four, the whole mass revolving and heaving violently ; 
extensive masses of clouds were crushed and driven into others, but no 
os was observed. It now rained heavily to the north and east. 
~ ing this time,” Major Sherwill says, “ more than one waterspout 
endeavoured to form, but unsw ly. It was whilst observing the 
highly-agitated masses of clouds that were revolving and oscillating in 
a most peculiar manner, that I witnessed the commencement and ter- 
mination of the remarkable waterspout now under consideration. At 
three p.m. it became suddenly quite calm, and during the calm a pale 


watery-looking, but very watery, cumulus, the base of which was aright 
line, and to the horizon, was seen to bulge out downwards or 
towards the earth in a long well-defined and light blue coloured out- 


line; from the centre of this hanging curve a broad column of a 
watery vapour rapidly sank towards the earth, closely resembling a 
very attenuated cone, dark at the edges and pale blue in the centre, 
exo! sho it to be a solid cylinder; as it neared the earth the 
er half of elegant column commenced to rapidly, the 
lower end oscillating violently to the right and to the left; this latter 
movement I imagine to be « mere optical illusion, caused by the lower 
end of the column revolving in a circle of large diameter; as the 
column neared the earth it expanded and contracted in an agitated and 
rapid manner about the centre into cloud-like protuberances, which 
ut the same time of the motion of the revolving column. 
pon arriving nearer the earth the end of the column parted into two 
slender columns about 150 (‘or 200,’ as stated in another place) feet 
each in length, and in this condition reached the ground. The shape 
of the column was now completely and instant usly altered ; for 
the whole cumulus burst, and was seen pouring down to the earth, not 
a4 a shower of rain, but asa heayy mass of water, resembling a waterfall 


point of its protrusion from 
the moment of 


which took fourteen days to drain off by the usual drainage | 
the country. The fled in all directions as it descended, but no— 
noise was heard at the observer's position. opty 5 

Major Sherwill’s observations are illustrated by excellent lithographic 
representations of the waterspouts he observed. Some of these are 
somewhat roughly copied in the subjoined diagram, in which ba he : 
represents the waterspout now described. Half an hour after thishad 
disappeared, he relates, “ another formed to the east of the position: — 
ne = attenuated column, about 900 or 1000 feet in 

e clo 


ually faded away, 
cloud from whence it had descended. e cloud and column were — 
moving rather rapidly towards the south, which probably accounts — 
~ the emp ain reaching the und. The — ve 
and oscillated violently, lengthening and contracting as wn ; 
diagram (fig. 4), @hae eleven bees positions of the column are 
given, sketched at intervals of from two to five minutes. Towards 
sunset, the clouds began to yield to the north wind, and were gradu- 
ae driven out to sea, leaving a clear cloudless sky; and at nine 
o'clock at night not a cloud was to be seen. The north-east monsoon 
had fairly set in. 
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The following are the particulars of the other four 
fi . Fig. 1, Seen from Sooksagur, 35 miles north of 
the 27th September, 1855, at 330 p.m. Estimated 
Moving reso Dependent from Balle bare at an 
with the horizon. Upper portion 5 
Did not burst, but was absorbed u ig. 2, A, B, C. 
Howrali (Calcutta) 24th September, 1856, P.a. Estimated 
feet. Moving north. Depended from a very heavy 
looking nimbus, accompanied by vivid lightning. It 


stormy 
greatly 
agitated, throwing its lower end horizontally to the south, then to the 


north, at an angle of 45°; lasted about five minutes, and burst into 
heavy deluging rain. , 
Fig. 5. Seen from Dum Dum, and from Calcutta, on the 
August, 1860, at 5 rt. Estimated length, 1000 feet. Moving south, 
Very perfect and grand. Depended from a heavy nimbus, 
by lightning. Gyrated rapidly at the top, dark at 

bt ed blue in the middle. ‘Divided at the lower end into two 
ler columns of 50 or 80 feet in 1 ”  Lasted about ten 


minutes, and burst into heavy rain. y 
Fig. 6. Seen from Sulked, (Calcutta) on the same day, and at the 
same hour as the last; crossed the ri ly at that place, 


ver 
F jac pe er econ senrmre rc race nig fe peke 
i -west. a heavy 118, 
sebelaiie tai ihe eouth sida of the upper .peraa 
at the summit of the column, Was 
tt double cone resembli letter 


instructive phenomena. One of these was seen by him from Darjeeling, 
in the Himalaya, on the 29th of May, 1852,at noon, This was a warm 


WATERSPOUT. 
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dry summer day, highly favourable to evaporation ; and the invisible 
vapour with which the air had become charged was suddenly con- 
densed. by a chilled stream of air descending from the snowy range of 
the Himalaya, distant 35 miles, into a huge cumulus cloud, at an 
elevation of 11,000 feet. The first effect of the cold blast was the 
formation of a small cloud “the size of the hand,” which rapidly 
increased until it extended to the length of 15 miles and the vertical 
thickness of 5000 feet, or nearly one mile. This body of cloud was 
driven with great celerity to the south; and as it approached the 
mountain Ponglo (distant 114 miles from Darjeeling, and slightly 
exceeding 10,000 feet above the sea) the lower portion, hitherto nearly 
horizontal, began throwing down about twenty waterspouts, each 1000 
feet in length, which at a rapid pace, increasing in length at 
i whole cloud burst into heavy rain. ‘‘The 
summit of the mountain,” it is observed, “was evidently a point of 
attraction for the electricity contained in the cloud, as the waterspouts 
one mile north and south of the central group descended towards the 
mountain at an angle of 45° with the horizon, and all seemed striving 
to reach the very summit of the mountain; and upon reaching it they 
all burst into heavy rain. Time of duration, fifteen minutes.” The 
other, and the last t of Major Sherwill’s list, was observed 
and sketched by the Rev. R. A. H. Norman, at Dum Dum, on the 28th 
of October, 1860. It was a group, depending from a heavy nimbus, 
and consisting of one central and large spout or column, 1500 feet in 
length, flanked to the eastward by many smaller ones, some of them 
500 feet long, which were absorbed into the main column as fast as 
they were formed. Between the nimbus and the mass of light haze 
that covered the horizon, a long slip of blue sky was visible, and the 
waterspout, where it crossed this, was invisible, appearing as if the 
whole was divided into two portions. The entire group lasted twenty 
minutes, and eventually burst into heavy rain. (‘ Proceedings of the 
Asiatic ray! of 
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caused by electrical attraction, between two surfaces (those of the 
cloud sad the earth), one of which has been charged the other by 
induction, until, by the contact, a discharge of the electricity takes 
, and the particles of water previously charged are at once pre- 
the earth. Under other circumstances, the attractive 
ceasing, or being insufficient, the spouts are absorbed 
again by the force which holds the cloud together. 
spout itself, being colourless and transparent, when 
transmitted light, would appear to consist, not of cloud, but 
ly in the state of rain, and bristling into it on the 
ing place. The entire system of cloud and water, and 
also, being one of excellent conductors of electricity, 

is comparatively or al! silent. 
boration of these inferences as to the electrical produc- 
vats, may be found in their observed uction in the 
hich ine volcanic 
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the 
masses of fleecy clouds gradu- 
wind in a direction nearly 
drawing up to them [and being drawn down into] a 
quantity of waterspouts, which formed a moat ‘beautifal and striking 
tha no ae e/a of the scene.” These, according to 
the i seo sigh hil. toe Bier must have been from three 

to eight or nine hun eet in height or length. 
We have here, Relpably, all the elements for the electrical causation 
of —the immense evolution of electricity [Votcanors, col. 
660), the surface of cloud, the dielectric atmosphere, the sur- 
face of sea below—and the actual production accordingly, of the phe- 
nomena sought to be accounted for. Much more might Se said on this 
branch of the subject, which indeed is one of great extent and 
<a the explanation now suggested being of a general nature 

iy. . 
- | Much valuable information respecting wa uts was introduced 
uethe late Mr. Piddington, into part 5 of his ‘ Sailor's Horn-Book for 
Law of Storms,’ including a view of the contents of M. Peltier’s 
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work entitled ‘Observations et recherches expérimentales sur les 
causes qui concourent ’ la formation des Trombes, under which 
appellation whirlwinds and waterspouts are identified by the author ; 
being applied, indeed, to them indifferently and convertibly, by French 
writers in general. 

To a portion of this part of the subject we shall return when con- 
sidering cyclones and whirlwinds in the article Winn. 

WATER SUPPLY. The improvements which have lately been 
effected in the practical details of civilised life, have given rise to so 
great a demand for a copious domestic supply of water, that the 
branch of hydraulic engineering connected with that portion of modern 
social isation has assumed a degree of importance, in excess even 
of the importance attached to it by the most civilised nations of anti- 
quity. Yet from the earliest periods in the history of man, the 
attention of the governors of populous cities has been always directed 
to providing for them copious supplies of the fluid so indispensable for 
comfort, cleanliness, and safety; and no surer test can be found for 
the character of a national organisation, so far as its influence upon the 
physical happiness of its subjects is concerned, than the one to be 
discovered in the state of the water supply of its towns. Some of the 
lessons to be derived from an examination of the various systems 
hitherto adopted will be alluded to in the course of the following 
review of their history. 

There are few indications left of the existence of a complete system 
of water-works in the ruins of the Assyrian, or of the cS apa 
towns, although the numerous traces of canals upon the banks of the 
Tigris and Euphrates show that great attention was there paid to the 
irrigation of the land, and to securing a copious supply of water. In 
Egypt, the same conditions appear to have prevailed, and numerous 
canals were formed for the purpose of leading the waters of the Nile - 
to tanks, and wells, situated at distances from the shores of the 
stream; but the water was not habitually raised to any height, unless 
in gardens, and then only in small quantities, and by very rude machi- 
nery. It is interesting, however, to observe that the hieroglyphical 

intings of the Egyptians represent the use of the shadou/, or of the 

ce pole and bucket, still retained in that aga and by the 
market gardeners of the neighbourhood of London. The noria was 
not known to, or used by the ancient Egyptians, although so univer- 
sally employed in that country at the present day; but Diodorus 
mentions that the machine known by the name of the Archimedean 
screw was invented by them. In Phoenicia, and in Judea, traces of 
aqueducts, of tanks, and of wells, are frequently to be met with ; and 
in those countries the first indications of works designed for the 
purpose of conducting the waters which outburst at a high level at 
some distance from the proposed place of consumption, may be observed. 
There were no pipes used in any of these water-works, or conduits; 
and the first instance on record of their application is to be found in 
the ruins of the aqueduct of Patara, in Lycia; upon which line there 
is a singular wall, or embankment of rough stone, across a valley 250 
feet deep, and 200 feet across, bearing upon its curved top a line of 
marble blocks ag © to r and perforated, so as to form, in fact, 
a reversed syphon. It would seem that the defective state of the metal- 
lurgic arts, alone retarded the application of the principles of hydro- 
statics known to the more ancient nations of the t; for the hiero- 
glyphical a of Egypt certainly show that the syphon and the 
ordinary forms of pipes were occasionally employed by them ; ‘and the 
aqueduct of Patara equally proves that the Greeks were aware of the 
ark which water rose to equal heights in the two legs of a reversed 

phon. 
igh was, however, under the dominion of the Romans that the ancient 
world undertook the most gigantic works for the supply of their towns 
with water; and, fortunately, the writings of Vitruvius, Frontinus, 
and Palladio have transmitted to our days much curious information 
with respect to the detailed methods of execution adopted by the 
Roman engineers. According to Frontinus, the inhabitants of the 
Eternal City for a long time contented themselves with a supply of 
water obtained from the Tiber, from land-springs, and from wells; but 
about the year 312 B.¢., the censor Appius Claudius completed the first 
aqueduct, subsequently known as the Agua Appia, which conducted to 
Rome the waters of a spring rising “ in the field of Lucullus, between 
the 7th and 8th milliaria of the Prenestine road.” Subsequently, the 
aqueducts of the Anio Vetus, Aqua Marcia, Aqua Tepula, Aqua Julia, 
Aqua Crabra, Aqua Virgo, Aqua Alsietina, Aqua Augusta, Aqua’ 
Claudia, Anio Novus, and the A. Alexandrina were added to the means 
of supply; and in the later days of the empire the daily distribution 
of water amounted to the enormous quantity of 332,307,624 gullons. 
As the population of Rome does not appear to have attained 1,000,000 
under Aurelian, according to the calculations of M. Letarouilly, the 
average supply must have been about 332 gallons per head per day; 
but as the registers of the distributions show that ook one-fifth of the 
total quantity was taken by private consumers, it must be evident that 
the bulk of the water was devoted to the public fountains, baths, gardens, 
and amphitheatres, &e. The text of Frontinus contains many curious 
details with respect to the manner in which the house services were 
connected with the reservoirs, or distributory cisterns; the regula- 
tion of the plumbers’ works; and the precautions observed to insure 
the coolness and purity of the water; and there are few books illus- 
trative of the manners and customs of the Tomnt, Me give so 
) 
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their attention to the 
water supply of Rome itself, for numerous igantic works of that 
description, for the supply of important provincial towns, were executed 
by their orders. [Aqu#pvuct.] During the decline of the lower empire, 
even, the construction of aqueducts and of reservoirs was carried on with 
the same degree of energy as in the brighter periods of the Roman rule ; 
and the neighbourhood of Constantinople possesses ruins of the aqueduct 
of Justinian, and in the valley of Bourgas, which may rival any of the 
earlier structures in magnitude at least, if not in constructive skill. 
Perhaps the most remarkable parts of the water-works of Constanti- 
nople were, however, the subterranean reservoits there constructed to 
store the water. One of them is about 319,200 cubic feet in capacity, 
and the other about 1,028,970 cubic feet, and they are vaulted 
throughout. 

Of course the art of distributing water suffered under the effects of 
the irruption of the barbarians; and all that was done by even the 
most enlightened of the rulers of the Gothic, Vandalic, and Lombardic 
tribes was to repair and maintain the aqueducts they found to be in 
existence when they overran the provinces of the Roman empire. 
There is a tradition connecting the erection of the aqueduct of Spo- 
leto with the name of Theoderic the Goth; but the style of the 
monument, and many other indications it furnishes, would throw 
great doubts on the correctness of the story; nor can we discover any 
authentic records of the execution of any great works for the supply 
of water to towns during the medieval period, until about the end of 
the 14th century. In fact, the great centres of population in modern 
times were but very insignificant villages in the early periods of his- 
tory ; and property was held by far too uncertain a tenure to justify the 
execution of great public works. The Italian cities seem to have been 
the first to attempt anything like a systematic distribution of water ; 
and Michael yng oF. at Genoa, in 1278, the unknown authors of 
the Spoleto and of the Civita Castellana aqueducts, at other periods 
in the Middle Ages, revived the modes of construction adopted by the 
Romans. In the north of Europe there do not appear to have been 
made any attempts to rival the gorgeous monuments of the Roman 
empire ; and in nearly all cases—as at London and at-Paris—the system 
adopted seems principally to have been to lead to some stone reservoirs 
the waters of eprings rising in the country, by means of wooden or of 
leaden pipes. When the populations of those towns had increased to 
a considerable extent, it was found, however, that, as in the former 
case of Rome, it was no longer possible to obtain the ni 
quantity of water from the superficial gravels, or from the water- 
bearing strata around them ; and we accordingly find that at the close 
of the medisval period efforts were made to secure water-supplies to 
the large towns from larger areas than had previously sufficed. In 
France, the engineers seem to have considered themselves bound to 
return to the traditions of the Romans, and the aqueduct of Arceuil 
was built in avowed imitation of the analogous structures of the 
ancients In England, the system of contouring the hills by open 
water-courses prevailed; and the Plymouth Leet, established by Sir 
F. Drake, and the New River by Sir H. Myddelton, may be cited as 
illustrations of the system long adopted here. The great aqueduct of 
Lisbon, erected between 1713 and 1732; the aqueduct of Caserta, 
erected by Vanvitelli about 1753; the aqueduct of Symete, erected by 
Prince Biscari, in Sicily ; the Croton Aqueduct, and the Roquefavour 
Aqueduct, may be referred to as illustrations of the modern execution 
of works for the supply of water, designed upon the principles of the 
ancients; but the majority of the modern wetepenpplied ai executed 
in a far less ostentatious manner, and with modifications required by 
the local habits or by the municipal organisation of the towns them- 
selves. Of late years, also, the improvements which have been effected 
in the machinery used for the purpose of raising water, and the new 
applications of metallurgy to the building arts, have so profoundly 

nged the economical conditions of the distribution of water, that it 
is hardly possible to compare the systems which have respectively pre- 
Vailed in ancient or in very modern times. The fundamental difference 
seems, however, to consist in this, namely, that the state undertook 
the execution of the water supplies of antiquity, whilst in modern 
times they have been left entirely to municipalities or to private 
ind: . What the moderns may have gained in economy under 
these circumstances, they have lost in art; and just precisely as the 
economical element of the calculation prevails, so does the manner in 
which a modern water supply is effi lose all character of beauty as 
a monument, 

Before entering upon the consideration of the technical questions 
sonnected with the subject of a water supply, and before quitting the 
past history of those operations, it may be desirable again to dwell 
apon a very generally received opinion with respect to the assumed 


been repeated in so many popular works upon 
euhy believed ; yet, not only does the aqueduct 
of Patara entirely refute it, but the great syphon upon the course of 
the aqueduct of Lyon proves that the ancients were as well acquainted 
| with the principle as the moderns themselves are. It is the more 
| extraordinary that this singular opinion should have obtained such 
| universal credence as it has done, because Vitruvius discusses ina very 
practical spirit the mode of executing the descending and i 
pipes, in chap. vii. lib. 8; and he points out the precautions to be 
| taken to prevent the rupture of the pipes by the compression of the 
air in the lowest parts aie syphon. 5 
The first inquiry at the present day, when it may be desired to 
execute a system of water supply to a town, after having p 
|ihe present and the probable future extent of the consumption (which 
| is usually reckoned to take place at the rate of forty gallons per head 
of the population per day), must of course be, as to where a permanent — 
supply of water of a proper quality is to be obtained. Much discussion — 
has of late years taken place with respect to the question as to what 
constitutes the proper quality of such a water, and the 
received opinions of physiologists and engineers have been p 
challenged by men who have had little claim to either of those titles, 
The discussion has principally turned on the subject of the hardness 
and of the softness of waters, consequent upon the presence in them — 
of the salts of lime, in the form of the bicarbonates of that base; the —__ 
former authorities upon such matters contending that a certain pro- 
portion of lime is n in a potable water, whilst the new —_ m 
contend that absolute purity should be aimed at, The truth, in this 
case, seems to be that there is still too considerable an amount of 
uncertainty with respect to the real action of the salts in question — 
upon the human frame to allow of the formation of any very decided 
opinion on the subject, or of the establishment of any absolute law for 
the adoption, or rejection, of a particular source of supply, when its 
departure from the standard of absolute purity is very small. Local 
considerations of economy must, in the present state of knowledge, 
exercise great infliience upon the choice of the source of supply ; and 
it is only when the quantities, or some liar properties, of the extra- 
neous impurities, are very objectionable, that it becomes desirable to — 
reject a source which is close at hand. The qualities which are indis- 
pensable in a water designed to be-distributed in a town, are, to quote 
the words of the ‘ Annuaire des Eaux de France,’ that “it be 
fresh, limpid, and without smell; that its flavour should be hardly 
perceptible, and that it be neither disagreeable, flat, brackish, nor 
sweet; that it should contain little foreign matter, but a sufficient 
quantity of air in dissolution; that it should dissolve soap without 
leaving curds, and should cook vegetables easily.” A small portion of 
carbonic acid gas increases the wholesomeness of a water, by its 
influence upon the digestive organs; but it enables the water to take 
up an additional quantity of the salts of lime (which in their turn 
increase the hardness of the water), and to develope some forms of 
disease (such as gout, calculi, &c.) in the populations using it habitually. 
Waters containing salts of magnesia, or of sulphate of lime, are con- 
sidered, on the other hand, to produce the loathsome disease, the goitre ; 
and the very purest waters obtained from the melting of ice, or 
snow, are deficient in some elements necessary to maintain the healthi- 
ness of the human frame. The waters which hold in solution notable 
proportions of organic matters, are, however, those which are the most 


diseases may be traced to the use of the water obtained from ponds, 
marshes, or wells, containing excessive proportions of altered organic 
matters, either in suspension, orin solution, It was considered, by: 
authors of the ‘Annuaire des Eaux,’ that the small quantity of the 
chloride of sodium to be found in ordinary river or spring water was 
rather advantageous than otherwise; and they further remark, that the 
chlorides in water are almost always associated with the iodides and 
bromides, which unquestionably increase its salubrity. It be 
added, that when the proportion of the bicarbonate of lime in a 
water exceeds 1 in 2000, it becomes positively injurious; that the — 
bicarbonate of lime is thrown down by boiling; but that neither the 
salts of magnesia, nor the sulphate of lime, are thus expelled. 5 
The opinion which it has lately been attempted to convert into a 
law, “ that the nearer the- source, the purer the supply,” seems to be 
one of those half-truths which require to be accepted with a reserva- 
tion. Thus, the waters rising from deep-seated spriugs in the chalk 
formation contain at their source an abnormal dose of the bicarbonate 
of lime, which they part with if allowed to flow in the open air in a 
clear channel, Indeed, so much do waters generally improve by the 
flow in open channels, that some of the ablest physiologists hold that 
river waters alone should be used for town supplies; but in such cases, 
it is essential to ay P negeonyagg with a view to the prevention of 
the contamination o latter, by the organic impurities washed 
down from the lands they traverse. A prolonged course over a rough 
channel also removes earthy impurities, and the hydrous 
_ which are often held in suspension in spring waters; but it does not 
seem to have any influence upon the sulphates of lime, or of game : 
or upon the chlorides of calcium or of sodium. In all cases w! 4 


objectionable ; and diarrhma, dysenteries, and other acute and chronic 
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such a course is able to do good, it must, however, be observed. that 
the water must flow with considerable 


the gigantic aqueduct of Roquefayour. The channel 
through which any stream is to be led must, it may also be added, be 
sea from accidental impurities derived from the atmosphere, or 
any other source; and even at the present day, the hydraulic 
ight derive many useful lessons from the practice of the 
Romans in details of their aqueducts. They took care, in fact, 
to cover their channels as far as possible; to provide ventilating shafts 
' from distance to distance ; and to place drips in the line of the invert, 
in order 7 anceps cataracts, with a view to increasing the 
aération of the water. ‘ 
The objections to the use of ordinary well-waters, on account of their 
tendency to become stagnant, apply with variable force (according to 
the quantities considered) to the waters of ponds, of reservoirs, or of 
lakes; and therefore they have an important bearing upon the system 
of the supply to towns, known in England by the name of the * catch- 
water tet erpcabs, eco In works of this description, the water, 
falling upon districts around the town to be supplied, is stored 
artificial reservoirs, in such a manner as to allow the excess of 


the water depend 
_ tion in a wholesome state depends greatly pos ; 
latter in maintaining a surface agitation. The lands which exercise 
the most deleterious action upon the waters to be impounded are those 
which are covered by peat, or by agricultural land; or those which are 
likely to give off mineral or earthy salts in large quantities; and, 


the influence of the 


therefore, the pri ee Sarat Sone id, ee vate 
‘sands are best adapted for the purpose of forming 
gathering-grounds. In England, and in most countries where gravi- 


tation waterworks can be established from a such aus are above 
alluded to, it fortunatel that the ering-grounds occur in 
the hilly districts of (Migs trol formations; but in India, and in 
tropical alluvial plains, it is often to store the excessive 
rainfall of the wet season in tanks, for consumption during the dry 
season, because the superficial water-courses cease to yield water, and 
there are no perennial springs in such districts. The waters so #tured 
must, under these circumstances, be filtered, or treated in some way, 
in order to counteract their otherwise deleterious effects upon the 
human frame ;-the great difficulty, however, arising from.the tempe- 
rature to which they are raised by the sun’s action upon their surface. 
It would , after all, that the waters which unite the greater 
nurober of favourable qualities for a town supply are those which flow 
from deep-seated springs, or from the insoluble clay slates, crystalline 
limestones, or are obtained by continuous pumping from wells sunk in 
the pure silicious strata, &c. It is not often that these wells yield water 
in sufficient quantities for a town supply ; and there is always a danger 
of their being interfered with by the ions of neighbours, or by 
injurious infiltrations from cesspools or wells. The history of the 
Artesian wells round London, of those at Tours and Paris, and of the 
deep wells in the new red-sandstone at Liverpool, proves that there are 
serious objections to allowing the supply of a large population to 
depend on sources so uncertain, and so easily diverted, as these deep- 
seated springs evidently are. In no country in Europe is there any 
ion creating a pla bt tek Bares wil nos tay Bad 
law-makers have not hitherto geologists, and they haye openly 
avowed their ignorance of the principles which the flow of 
deep-seated springs. It thus happens that the itants of large 
towns are compelled, cally, to resort for their water supply either 
to rivers or su water-courses, or to create reservoirs upon either 
the gravitation or the tank system, to impound the rainfall of the 
i pe pe portion of this le ii ted that the tity 
n the previous ion article it was stated tha’ quanti 
of water to be distributed in a town was usually calculated at the rate 
of 40 gallons per individual per day ; but evidently local circumstances 
may affect this rate of pad patie AM to a very serious extent. Itis 
more than —— whether even the most luxurious persons 
require absolutely a greater quantity than 6 gallons per day for their 


own immediate consumption ; and if the latter be carried to 10 gallons 
per day, it would sutlice with proper care for any real demands. In 
calculating for a town supply, it is necessary, however, to allow for the 
consumption by trades using large quantities of water, and for muni- 
cipal purposes, such as street-watering, flushing sewers, extinction of 
fires, &c.; and, in order to cover these demands, it was considered, so 
long as the old-fashioned intermittent supply existed, that an allowance 
of 20 gallons per head per day would be sufficient. The introduction 
of the constant-delivery system has of late years tended singularly to 
inerease the quantity of water distributed, and indeed the waste of 


*| water which thus takes place is at times so great that it almost assumes 


the importance of a public calamity. In London, where the inter- 
mittent supply still prevails, the consumption of water is now not less 
than at the rate of 40 gallons per head per day on the average; in 
Croydon, at Boston, New York, &c,, the rate under the constant 
delivery has been 80, 100, and even sometimes 500 gallons per head 
per day. No doubt a great part of this waste could be prevented, and 
it would never be allowed to exist if the water supply of towns were 
left in the hands of private companies; but the tendency of the age is 
certainly to withdraw municipal services from the control of speculative 
adventurers, and it therefore becomes important to direct attention to 
the eventual danger ari<ing from the waste which seems to be inherently 
attached to the modern system of distribution. 

Whatever may be assumed to be the normal rate of consumption 
by the inhabitants of a town, it must be observed that, in the summer 
months,—that is to say, in June, July, August, and September,—the 
average consumption per individual per day increases in about the ratio 
of 10 per cent. upon the ordinary average; whilst in December, 
January, and February it is about as much below the same average. 
In designing gravitation-works, especially, this becomes an important 
consideration ; for the consumption actually increases when the supply 
decreases, and the dimensions of the reservoirs must be calculated of 
sufficient size to meet the demand of the season which is the most 
unfavourable. The compensations to be given to the ancient poss:ssors 
of water privileges must also be taken into account in designing any 
new water-works, especially in the case of gravitation-works, which 
interfere more with the natural hydrographical conditions of a district 
than ordinary pumping-works do; and the loss of water by evaporation 
from the reservoirs in hot weather requires also to be allowed for. In 
most countries of Southern Europe, it is to be observed, moreover, 
that the rate of personal consumption of water, so to speak, is much 
less than the rate prevailing in the north, but that the quantity of 
water poured down the channels, or used in the monumental fountains, 
or in other contrivances for cooling and refreshing the air, is, on the 
contrary, very much greater. Thus, in Paris, it is stated officially that 
the supply of water takes place at the average rate of 13} gallons per 
head per day; but, in fact, the water is sold by the pail, and in no 
house in Paris is there a supply (in 1861) to the second floor, and 
nearly all the water which is brought into the city is poured into the 
street kennels or is employed in the fountains. All these details of 
the application of a town supply must, therefore, be carefully examined, 
and allowed for, in selecting the source and mode of distribution ; for 
it must be evident that every particular climate, and every phase of 
civilisation, requires to be treated upon its own special principles. 

The quantity and the quality of the water supply being determined, 
avery important question arises, as to whether it should be obtained, 
at a great original outlay, under such conditions as to allow the water 
to flow to the place of distribution, by gravitation; or whether it 
should be obtained by means of pumping-machinery, at a smaller 
original outlay, but at a greater annual expense for working. This 
question is one which it is impossible to decide @ priori, because it 
must be so materially affected by local considerations as to render it 
dangerous to lay down any absolute rules in the matter. But it must 
be evident that, wherever it is possible, as it was in the case of ancient 
Rome, to lead into a town streams of water rising at a natural elevation 
above the proposed points of distribution, there must be an eventual 
economy in so doing over the cost of another system by which the 
water would be raised from even a nearer point by the aid of a compli- 
cated piece of machinery. The Romans, who were able to concentrate 
upon any work they undertook the resources of the known civilised 
world, adopted the former system; and the highly-centralised govern- 
ments of modern Europe evidently prefer it, for the French are about 
to incur an enormous expense in order to lead to Paris, by gravitation, 
some springs which rise at a great distance from that town. In 
England and in America, however, where individual enterprise is so 
much more active, the tendency is to resort to sources of supply which 
admit of the application of machinery at a small primary outlay ; and, 
in fact, the choice between the two systems must greatly depend upon 
the power of commanding capital, and upon the balance of motives 
which might lead to imposing a burden upon the present generation 
for the sake of its successors. In either case, the works required for 
the filtration, storeage, and distribution of the waters are the same ; 
the only difference consists in the mode of leading the water to the 
point from whence the distribution is to take place. 

Even in gravitation works there are various methods of solving this 
question, for the water may be led either in closed pipes or in open or in 
covered conduits. Open conduits may be resorted to when the district 
they traverse is not likely to furnish any elements of a nature to alter 
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the purity of the water; but if small local watercourses should be | But it 
likely to pour into the stream, or if the latter should be exposed to the | 80 to | 
danger of contamination from the dust, smoke, or other impurities of | quantity of water must be 


happens that water-power is exposed to frequent interru: 
Pao in its efficiency; and that in summer, when the 
raised, the power is the least, whilst in 


a town atmosphere, the conduit must be covered. The advantage of a | winter the action of the wheels may be entirely suspended in conse- 


pipe-conduit consists precisely in the protection it affords against such 
accidental sources of contamination, and, generally it wi 


uence of floods or of frost. In England, therefore, where coal is 


eap, and the use of steam-power is habitual, the latter is almdést 


p aera will be 
found to be cheaper than a masonry conduit of ordinary dimensions, always resorted to, and it -gycung hyper rsn many advantages, on the 


Moreover, the facility the pipes furnish for the execution of reversed | score of certainty of action, over 


syphons dispenses with the necessity for the construction of costly 

educts. It is essential to make the dimensions of the pipe some- 
ae Yer larger than would theoretically be necessary to convey the quan- 
tity of water required to be delivered; because there is a danger, in 
almost all cases, of the formation of an incrustation in the interior of 
the pipes, which would practically diminish their sectional area ; and 
it is essential, also, to provide means for occasionally examining and 


| 


other sources of motive power, 
In France, Germany, Switzerland, and the United States, however, 


many water-wheels for the supply of towns are to be found; and even 


| within a very few years London itself was dependent for a large 


of its water supply upon the water-wheels of old London 

The towns of Toulouse, Geneva, Richmond, Va., and Phi 

may be mentioned as amongst the most important of those su 

with water by water-power; and in the works lately executed by Mr, 


clearing the pipes. In all descriptions of conduits it is necessary to | Hawksley, at Weymouth, a very ingenious application of the turbine 


provide stop-gates, or valves, and overflows, so as to arrest the passage | was made, The majority of the English towns are a by means — 


of the water in case of accident. The material generally used for pi 


conduits is cast-iron; but glazed stone-ware is often employed with | London may be cited as 


e machinery lately erected for the of 


of steam-engines’; and 
being the most extensive and the most - 


success, when the water does not flow under great pressure. The | ful of any hitherto erected. It is usually considered that there are 


Romans frequently used lead-pipes for this purpose; but as a general 
rule they preferred covered aqueducts, and the Continental engineers 
still adhere to this system. In the great Liverpool gravitation water- 
works, and in the new supply to Glasgow from Loch Katrine, cast-iron 
ipes have been exclusively used where any great differences of level 
ve been encountered, 

In the majority of cases at the present day, the water brought from 
a distance for the supply of a town, is filtered before distribution ; and 
this is effected in positions as close as possible to the pumping station, 
or to the entry of the distributing mains, unless the water should be 
so pure naturally as to allow this precaution to be dispensed with, 
There are numerous systems of filtration in use in England, but the 
one most generally adopted is to cause the water to pass through a 
succession of layers of sand and gfavel (increasing in coarseness from 
above downwards) to a series of drains leading to a covered reservoir. 
The total thickness of the filtering media is usually made from six to 
seven feet, and the number of layers about eight or nine, the head of 
water over the upper surface of the sand being about two feet. 
Engineers, however, are not unanimous in their opinions as to the best 
relations between the depth of the filtering media and the head of 
water over them ; for in some cases the depth of the sand and gravel 
is made only 4 feet 6 inches, and the working head four feet, instead 
of the dimensions quoted above ; but evidently the degree of purity of 
the water itself must materially affect this question. It may even 
happen that the quality of the water may require the introduction of 
some ingredient in the filtering media which should be able to exercise 
a chemical influence upon the water itself; and in some cases it has 
been proposed to mix animal charcoal with the upper layers of sand, 
in order to remove any organic matters; or to mix the magnetic oxide 
of iron with the sand when peaty matters are present; or even to 
apply Dr. Clark’s process when the bicarbonate of lime is present 
in notable excess. Local considerations must guide the engineer in 
his choice of the various systems; but however the water may be 
treated in this stage of the distribution, it is absolutely n that 
it should not be e: to the air at all after having been filtered, and 
that it should be either at once passed into the distributing mains, or 
be stored in covered reservoirs until wanted for use. In the construc- 
tion of the latter, the only important observation to be made is that 
they must be executed in such a way as to protect the water against 
the action of light and of the sun’s rays; local facilities for the supply 
of building materials must regulate the precise details of the construc- 
tion itself. In some peculiar cases it is desirable to provide, in addi- 
tion to the filters and pure water reservoirs, depositing basins, in which 
the heavier materials, in mechanical suspension in the waters of the 
natural source of supply, may deposit themselves; but, again, this 
detail admits of no universal law; and it is even to be observed that 
the tendency of the London engineers is rather towards the suppression 
of both depositing basins and storeage reservoirs, They make the 
filters of sufficient area and thickness to complete rapidly and effec- 
tually the separation of the impurities; and they pump the filtered 
water at once into the distributing mains. Where storeage reservoirs 
are used, their dimensions may vary between the capacity required for 
three days’ consumption, when the source of supply is liable to occa- 
sional agro canals and the capacity required for a few hours’ supply 
when the machinery is only subject to ordinary periods of rest or repair, 
In the latter case it may be necessary, however, to make the machinery 
in duplicate, or at least to keep a stock of duplicate parts, Care must 
be taken to provide for all such service reservoirs, valve pits, overflow 
pipes, waste weirs, scouring pits, and other conveniences for examina- 
tion, cleansing, and repair, 

Unless in the cases of gravitation works, it is necessary, in all modern 
domestic water supplies, to raise the water to such heights as to allow 
< its piece % the loftiest rooms % the houses situated on the 

ighest ground in the respective towns, some description of ma- 
> en) When the quantity to be a Ts § is small, and there is a 
watercourse of considerable volume, and great constancy of flow, in 
the neighbourhood, it may often be advisable to resort to hydraulic 


advantages in the use of the Cornish pumping-engines when the : 
to be exercised exceeds 25 horses, and that for lower powers ieee 

acting engines, or fly-wheel engines, are preferable; but the remark- 
able results obtained by Messrs, Simpson and Boulton and Watt, show 
that the preference for large Cornish engines is at least open to 
question. ; 

In estimating the power to be provided, and consequently in de- 
ciding the description of engine to be employed. it is necessary to take 
into account the weight of the water to be raised at the maximum 
rate of consumption ; the total height to which it has to be raised ; and 
the various causes of retardation of flow in the pumping main, from — 
the friction upon the sides of the pipes, and the bends or changes of 
horizontal or vertical direction, 1t will be necessary to revert to the 
general laws affecting the flow of water in pipes; but here it is suffi- 
cient to observe that an allowance equivalent to an increase of 12 feet 
per mile in length of main, to the total weight to be lifted, is sufficient 
to cover the effect of these retarding causes. As the various classes of 
engines do not work up to their full power, calculated theoretically, it 
is necessary to affect the result of the above method of ascertaining 
the pumping power by the coefficients of the respective engines ; which 
are, for steam-power, on the average, 0°85, and for the best water- 
wheels, 0°75. 

In small pumping engines it is found that the most useful action is 
obtained when the power is exercised equably and continuously ; and 
in order to secure this result, the main shaft is made to carry three 
cranks placed at angles of 120° from each other, upon which the puny 
rods are keyed. In the larger engines it seems that the most favourable 
conditions of motion in the pumps are, that they should pects Dy 
raising the load rapidly, in order to overcome its vis inertia; 
that when the motion of the ascensional column has been once esta- 
blished, the effort of the motive power should gradually be diminished. 
These objects are effected in the Cornish engines by introducing steam 
to the underside of the cylinders, through large openings, at high 
sures; the steam is then cut off when the inertia of the water poet 3 
overcome, and it is allowed to expand during the remainder of the 
stroke, exercising in so expanding sufficient power to maintain the ascen- 
— movement Jeno return ae yee by -) aos ight - 

e plunger and of the rods, e initial pressure of these engines 
usually from 24 to 3 atmospheres ; the ion at from 4 to } 
of the stroke of the piston; and at the end of the stroke the pressure 
of steam is not more than between jj, and ¥, of an atmosphere; engines 
so worked being said to produce a duty equivalent to about 90,000,000 
Ibs. raised 1 foot high by the combustion of 1 ewt. of coal. But it is 


to be observed, that in consequence of the interposition of the air-vessel 
upon the delivery-pipe of a town pumping-engine, the delivery is, in 
fact, constant; and it is probable that the ex ts ob- 


tained of late by the application of the beam and fly-wheel engine, on 
a large scale, to pumping operations, may be explained by the fact that 
as they supply water to the air-vessel in a more continuous manner 
than the Cornish engines do, they allow the air-vessel to produce its 
effect with greater ity. In the engines erected by Messrs, 
Simpson for the Chelsea and Lambeth Water-works, the steam works 
at high pressure in the first of two cylinders, and at low pressure in 
the second ; there is a beam and fly-wheel to each engine; and it is 
‘said that the duty they param sometimes reaches 120,000,000 Ibs. 
raised one foot high by the combustion of 1 cwt. of coal. Fly-wheel 
engines, it may be added, this great advantage over Cornish 
engines for the purpose of town distributions, namely, that they are 
capable of being worked at more variable rates of delivery than are 
the latter ; and in a town delivery the rate of consumption is subject 
to such singular irregularities, that this susceptibility of variation in 
the power may often be a matter of importance. But again, it must 


be stated that the best modern Cornish engines have been so 

and skilfully constructed, that they have even allowed the regulating 
service reservoirs to be dispensed with ; and both the Kent and the 
East London Water-works pump directly into their supply mains by 
night and by day, trusting entirely to the skill of the engine-drivers to 


~ power, and to use one of the forms of water-wheel hereafter described. adapt the motive power to the variable conditions of the consumption 


s 


: 
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of their districts. These variable conditions are of much greater im- 
portance than is considered to be the case; for it appears 
from careful examination that about three-fourths of the total daily 
tion of a town takes place between the hours of eight in the 
morning and eight in the evening; and experienced engineers make 
ir pipes and engines large and powerful enough to discharge one- 
of the total daily consumption in one hour. Evidently, then, it 


o 


such variable demands with the greatest elasticity. 

passing from the pumping station to the regulating reservoir, or 
point of distribution, the water usually flows through a simple 
of a uniform sectional area; and, as far as it is possible to secure 


poke 


a) 


into account in fixing the dimensions of those channels ; 


upon the pressures in 
Practically it ap, 

above cited aicavate of the 
be affected by a term depeniing upon 
and according to some recent inv: 


flowing through a pipe of 
See AT Kh TOL and Glockoegtng it into another reservoir at a 


represented by the formula q=e , /=*°—* =H" 55; in which q= the 


quantity sought; ¢=the difference of level between the extreme 

orifices ; A=the length of the pipe; u=the initial head; n’=the head 

over the lower orifice ; p= the diameter of the pipe; and c=a coeffi- 

2 ascertained by experiment when the velocity of flow, per second, 
as follows :— 


Velocity. | 2inch. | 4 inch. | 8 inch. | 12 inches.) 20 inches. | 78 inches, 


15°06 17°92 18°53 19°50 19°84 20°79 


And for any velocity beyond 78 inches per second, c=21-043. But 
this formula can only be applied when the velocity is previously 
known ; should this not be the case, or should it not be ascertainable by 
actual observation, it may be calculated by a second formula in which 


making x= 2+6—¥ (the previous notation being retained), then, v, the 


DK 


velocity = — 0°1541131+ af vors7o1 + 828066 x 2S. 
comes necessary to take the friction on the sides of the pipe into 
account, it is ascertained by calling, firstly, the velocity due to the 
vertical head, without any allowance for friction, v, or expressing it in 
terms of the height m=, then x — will be the portion of the 
J 
head destroyed in producing that velocity, or the loss of head pro- 
duced by the friction. Secondly, if we call the length of the pipe 


A, the sectional area s, the wet contour 0, and the two coefficients 
it is necessary to introduce respectively, a and b; the expression 


CA 
of the resistance would become o> (v°+bv); and we ‘should have 


When it be- 


OA 

i— =a (+ br). It is then only necessary to ascertain the 
value of the coefficients a, 4, in order to apply the formula for 

use; but unfortunately every observer has attached different values to 
them. In this state of uncertainty it is sufficient to adopt the formula 
and values attached to the coefficients by Weisbach, in his ‘ Treatise 
on Mechanics, because the formula is simple, and is known to give safe 
results; that is to say, results which are rather in excess of those 
ascertained by direct experiment, but sufficiently accurate for practical 
purposes. Weisbach the loss of head /’ ; and confining his atten- 


‘desirable to employ the motive power which is able to adapt | 


Ja: 
| tion to the length and diameter of the pipes, he makes h’= (001482 + 


oO 
el es oe the result being in feet. 
Vo d 2g 


The friction, and the consequent loss of head, from the existence of 
| bends, is found to be in a certain proportion dependent upon the ratio 
of the diameter of the tube to the radius of curvature of its axis, 


1 
r 
r= the radius of the curvature, and a = the development of the arc), 
will represent the loss of head thus occasioned ; and according to him 


Navier says, that the formula ,== (0-0089 +0°0186) 2 (in which 
9 G 


| it would appear that h, is proportional to the square of the mean 
| velocity, and to the length of the arc; that it is a function of the 


radius of the arc, and independent of the diameter of the pipes; and 
that h, decreases in proportion as r increases. In order to apply the 
above formula to the case of side mains branching off from a leading 
} ya is necessary to adopt the following ratios between the diameters 


Diameter. | 2to3in, | 3to4in. | Ginches. | 8 inches, | 2° and 
upwards, 
Radiusr .| 1 ft, 6 in. | 1 ft. 8 in, | 2 ft. 6 in, 3 ft. 6 in, | 5 feet. 


The interference with the rate of delivery of a pipe by the itation 
produced by the changes in the soudiicee, of eee aed practically be 
neglected in the calculations for proportioning the details of a town 
distribution; because it is easy to effect the pumping in the leading 
main with sufficient regularity to avoid its serious occurrence, and to 
make the distributing mains large enough to destroy its influence. 
Attention has, however, been called to this interference on account of 
the lesson it affords of the danger of adhering too strictly to the 


‘| dimensions of pipes which would appear to be indicated by abstract 


theoretical laws; and of the necessity which exists for providing for 
irregular disturbing causes. There is another danger to fe saoniiendincd 
in the delivery of water through long leading mains, namely, the 
danger arising from the accumulation of air in the bends, especially 
when they are in a vertical direction, for the air then has a tendenc 
to accumulate at the summit of the bend, and thus either to diminis 
the water way, or even to stop the passage of the water altogether. 
The remedy for this evil consists in the establishment of air-vessels 
| upon the summit of the bends, through which the air may escape ; 
and any slight retardation of flow created by the small quantity of air 
left in the water, or by the dead weight of the small column to be lifted, 
| must be provided for by increasing the initial velocity of flow. In 
important works it is customary not only to introduce air-vessels, but 
also pressure regulators at the summit of the large bends, in order to 
ensure equality of flow. Fig. 1. represents a very simple air-valve 
which has been successfully applied. 


Fig. 1. 


The formule for calculating the discharge of pipes under certain 
fixed conditions of head and diameter, cease to be applicable when 
there is a series of branch-mains, sub-mains, and service-pipes attached 
to the leading main, such as always occurs beyond the service reser- 
voirs, or the first point of distribution in a town supply. In fact the 
dimensions to be given to the distributing pipes can hardly be decided 
upon other than upon empirical principles, and long experience is a 
better guide in these matters than any abstract theory, The method 
adopted by Mr. Hawksley may perhaps be cited as the. one most 
generally sati , and it has been described by himself by saying, 
that upon the constant delivery system (in which the pipes are always 
under charge, and no cisterns are used), he divides the length of the 
main in a street into portions of about 200 yards each, and he assigns 
to every such portion the quantity of water it would be likely to 
require, in proportion to the population to be supplied by it, on the 
supposition that the total quantity is to be delivered within four hours. 
He then allows for a loss of head of 4 feet in every 200 yards; and 
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adopts, in ‘calculating the diameters to be given to the pipes, the 


formula d= 2 J 4, in which q =the number of gallons to be 


150A 

delivered ; 1 = the length of the main in yards; A = the head in feet ; 
and d, the diameter uired, in inches. In Claudel's ‘ Formules & 
Yusage des Ingénieurs,’ isto be found a description of a more 
elaborate and theoretically correct method of ascertaining the diameters 
of sub-mains; but it is so much more complicated than the one used b: 
Mr. Hawksley, that it will suffice for the purposes of this Cyclopedia 
to refer the reader to the work in which it is explained. 

In carrying into effect a town distribution it is to observe 
numerous precautions, in order to protect the pipes from injury by 
external causes. Thus, wherever gas- and ear ae are laid in 

ximity to one another. the water-pipes should be laid at a lower 
[evel than those conveying gas. In England it is sufficient to place 
the gas-pipes at about two feet from the surface of the pavement; but 
in order to protect the water-pipes from the effect of frost, it is neces- 
sary to place them at Jeast 4 feet below the same leve); and in the 
latitudes of Berlin, or of St. Petersburg, it has been found that 
water-pipes have been frozen at even 6 feet from the surface of the 
ack In towns wherein the street traffic is exceptionally heavy the 
vibrations of the ground may also require that the pipes should be 
laid at a considerable depth, and indeed this detail may be considered 
to vary in almost every case. It would appear that when the pipes 
are laid at about 4 feet from the surface in our latitudes, the tempe- 
rature of the water as it leaves the pipes will be sensibly the same, at 
all seasons of the year, with its temperature at the moment of entry, 
provided the motion be maintained in the pipes uniformly; and it 
thence follows that one of the best precautions which can be adopted 
against frost is to maintain a constant circulation in the pipes. C) 
dilatation of the pipes from an increase of temperature must be taken 
into account in laying down any system of town distrib..tion ; and it 
would appear from M. Girard’s direct experiments that the av 
rate of dilatation is equal to 0°00000300228 of a foot for every addi- 
tional degree of Fabrenheit's scale. when the pipes are free, and 
in the open air. In the ground M. Girard found the temperatures 
of the pipes were functions of the difference of temperatures of the 
surrounding media; but that they were -nearer to the temperature 
of the ground than to that of the water. The tendency of some 
waters to produce deposits in the pipes they traverse must also be 
taken into account, as it may aifect the discharge in a very. serious 
manner; in some instances, in Yorkshire, the bores of the leading 
mains have been known to have been thus diminished in a few years 
to one half their sectional area by the deposition of the hydrous oxide 
of iron; in mains supplied directly from chalk or limestone springs 
the same effect may be produced by the deposition of the bicarbonate 
of lime. M. Payen states also that the slightly alkaline and aérated 
waters are those which are the most likely to produce a development 
of tubercules of the hydrous oxide of iron in the interior of pipes 
of that metal; and that the oxidation takes place more rapidly upon 
gray cast-iron than upon the whiter varieties. It appears from experi- 
ment, and from the results obtained in practice, that by coating the 
interior of water-pipes with a solution of hydraulic lime, or with lin- 
seed oil containing litharge, the formation of the tubercules before 
mentioned will be retarded; and in London the precaution of thus 
coating the pipes is universally adopted. The chloride of sodium 
when present in the water in small quantities, it may be added, 
facilitates the formation of the tubercules 

Until within a few years the distribution of water to the private 
consumers was effected by the intermittent system, or by means of a 
supply passed through the street-mains, at certain hours of the day, 
into cisterns placed in the houses, where it was stored for domestic 
use as might be required. The cisterns, in such cases, are made with 
float-valves, such as the common ball-cock, jig. 2, or the lever-valve, 
fy. 3, which close the delivery-pipes when the water attains definite 

Pig, 2, 


levels : and, in addition to these means of stopping the supply when a 
sufficient quantity of water has been delivered the Pivitin es pro- 
vided with an open overflow pipe connected with the drainage of the 
houses, through which the excess of water oy Bowe if the machinery 
for intercepting the flow should not act. It is found, however, that, 


tion between the pans of the closets and the water in the cisterns, 


that the gases from the one must escape thro 
cisterns are too often made of improper ma‘ 
exposed far too often to receive atmospheric Ra dust, or soot ; 
and, incredible as it may sound, it is very rarely ind 
are cleaned out from one year's end to another. 
world sv treated must be rendered more or less 
sumption; and it was principally to avoid this evil 
delivery system Was introduced, avowedly because that system Rats 4 
the cisterns to be dispensed with altogether. But it was also ed 
that the constant-delivery system would effect an economy in the 
supply of water, because it is found practically that in the lower class 
of dwellings the ball-cocks are either stolen or tied up, 80 the 
excess of water was forcedly through the waste- or overflow- 
pipe Garing § | arsed portion of time the street mains 
charged. Unfortunately the economy has not been attained ; on the 
contrary, Whenever the water supply of a town has remained in 
ee hands of a parent ae pt it is found ove ie sha! to maintain 
the necessary control and supervision over the di tory tg 18, 
that the waste upon the constant-delivery system has proved to be 
enormous that the has practically been in many 
cases. It really would appear that the only means by which the abuses 
of the otherwise perfect method of delivery under constant pressure 
could be prevented would be by enforcing the sale of water by meter; 
and, indeed, as water is nearly as valuable as gas, there can be no 
reason for selling the one by measure and not the other. Gas, in 
London, costs 4s. 6d. per 1000 cubic feet; water, at the rate of 6d. per 
1000 gallons, costs 3s. 1°38d per 1000 cubic feet. But hitherto no 
water-meter has been devised by means of which the water can be 
measured without intercepting the pressure; so that at present there 
appears to be an alinost insuperable difficulty in the way of the intro- 
duction of the cogs peters system in many towns about to con- 
struct water-works de novo. towns like London, the difficulties: 
which would attend the modifications of the existing domestic 
ments of the water-pipes would be so great, that it is to be feared the 
present evils of the intermittent system will continue to be borne for 
mT ee od h is, generally speaking, conducted from 
e water supplied to houses is, ly lucted from 
the stieet-mains to the cisterns, and thence distributed where required 
by means of leaden pipes, on account of the ease with which 
be bent, go as to accommodate themselves to the construction of the 
house. Some waters, however, ee those containing free carbonie 
acid gas in suspension, act upon the lead with remarkable H 
instances of lead poisoning are by no means uncommon w 
waters distributed are remarkably soft, When waters exposed to this 
danger must be used, it is necessary to employ either t-iron, or 
tin, or composition service-pipes ; but these waters are far being 
innocuons, even to these substitutes for the more flexible material, 
The only other general remarks to be made with respect to house- 
distribution of water are: 1, that the apparatus for drawing the water 
should be of such a nature as not to produce a hydraulic jar on its 
being opened or closed; 2, that the pipes should not be as to 
be exposed to the permeation of gases, or to the effects of heat or of 
frost ; 8, that they should at all times be accessible for examination and 
repair. The thickness of service-pipes may be calculated upon the 


formula 2 = 2”, in which «= the thickness sought, p= the pressure ~ 
—-f 


popes snes to 0°18 Vd, or about } of the square root of the diameter. 
In practice, lead-pipes are equal to yd in small pipes, and to gy 
in very large ones, 


The quantities of water required for the various details of domestic 
distribution are as follows :— 


} 
{ 
iy 
| 
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WATER-WHEELS. 
A bath requires, each time it is used, about . 75 gallons, 
A horse requires, per day rues AER one 1h 5 
A two-wheeled private carriage, per day . ; “ee 
A four-wheeled ~~ ,, ” . seul w os 
Each individual in a house, Po Gy RRS TV ae 


A water-cluset, every time itis used . . o. 
A yard superficial of garden ground . r) é - 0°33 ,, 
A yard superficial of roadway, every time it is watered 0°22 ,, 


Generally speaking, the charge for a house supply is based upon its 
estimated rental, in England at least, and it very rarely attains 5 per 
cent. on that value. But an additional is made whenever more 
than one water-closet is in the house; when fixed baths are used; for 
coach-houses and according to the number of carriages and 


ae yards of macadamised road will only require one ton of water, 
wi 400 square yards of paved road will require that quantity. 
added, that the street-plugs (the burne fontaines) used 
Paris to cleanse the channels are lly placed at dist 


water-works, either in 
this description are being constan’ 
the capital invested in the various 
considered to be much less than 


undertaken. In London alone 
ater-Works Companies cannot be 
t millions sterling; and, as a 


established works, the constant-delivery system admits of considerable 
economy in this respect. Of late years, also, it may be added that 
more attention has been paid than was formerly the case to the pressure 
under which water is delivered in towns; and that, to a great extent, 
the distinction between high and low service has ceased to exist. In 
new works the mains are always laid under such conditions of pressure 
upon the water they contain as to cause the latter to flow in the loftiest 
rooms of the loftiest houses in the res 


ive towns. 
In Robison’s ‘ Mechanical Philoso yi Playfair’s ‘ Lectures,’ in 
a. ‘ Mechanics of Fluids, Weisbach’s ‘ Mechanics of Machinery 
sur 


Engineering, D'Aubuisson’s ‘ Hydraulique, Geniey’s ‘ Essai 

les Moyens de conduire et élever les ac Dat, ‘Sur les Fontaines 
Publiques de la ville de Dijon,’ Dupuit’s ‘ Essai sur la conduite et la 
distribution des Eaux,’ and dispersed throughout the various Blue- 
Books and Parliamentary Evidence upon the subject of town water 
supplies, much information upon the practical details of that branch of 
the municipal service is to be found. Unfortunately, there is no work 
in English, treating this subject exclusively, which can be considered 
to be of any value; and the reader cannot be too seriously warned 
against absolutely, any of the doctrines lence, Sagres 
here “ by authority.” The Fren ics are still 


spite of the official censure by a class of 
empirics who seem to have objected to eminent engineers solely because 
were eminent. Dwyer’s ‘ Hydraulic Engineering,’ N eville’s ‘ Hy- 
draulic Formule,’ Downing’s ‘ Practical Hydraulics, and Beardmore's 
‘HH ulic Tables,’ may also be consulted with advantage, 
ATEK-WHELELS. ‘The machines, by means of which the weight, 
or the impulse of water, is converted into circular, vertical, or hori- 
zontal motion. are known in mechanics by the name of water-wheels ; 
and as the power thus employed is furnished by nature, and requires 
but little pono | to be rendered available, these machines have at all 
times much attention from the manufacturing interests, 
They are of various descriptions, according to the conditions under 
which the waters flow, or the uses to which the power thus converted 
is to be applied; but they are all alike in this , namely, that 
the motion they receive is always circular, whereas in the other 
modifications of water-power, the motion is rectilineal, and alternate. 
Water-wheels are in fact subdivided into those with floats or blades ; 
and those with buckets, The wheels with floats are divided into 
the classes which have either straight or curved floats; and into 
those working in free water, in races, or water troughs either straight 


or curved. The bucket-wheels may be adapted to receive the water 
at the summit, or at an intermediate point of their height; but 
the float-wheels are exclusively of the kind known as the wndershot- 
wheels, whilst the bucket-wheels are either overshot- or breast-wheels ; . 


The parts of a water-wheel and its adjuncts which it may be 


desirable to define, are as follows. In the water channel there is, 
generally speaking, a mi/l-head, with tumbling bay and waste weir to 
regulate the supply of water to the fore-bay, or the channel leading the 
water directly upon the wheel; this fore-bay has a hatch, or sluice, by 
means of which the quantity of water falling upon the wheel can be 
regulated at will. The mill-race is the part of the channel immediately 
under the wheel; the éail-bay is the part by which the water escapes 
after it has produced its effect. The wheel consists of a shaft, upon 
which are fastened the arms, bearing in their turn the periphery, to 
which are attached the jloats or the buckets ; sometimes this periphery 
is close boarded, or soled, sometimes it has openings for the purpose of 
ventilating the buckets ; the sides of the buckets which keep the water 
upon the wheel are called the shrouds. The motion is taken off from 
| the wheel either by gearing working upon the segments of the wheel, 
or by first motion, or bevilled wheels fixed upon the axle; the last are 
generally known by the name of pit-wheels. 
| Formerly the vertical wheel, with straight floats working in a straight 
mill-race, was the description of undershot-wheel most generally 
adopted, but it is now seldom used, unless in cases where there is an 
a of water, and a fall not exceeding five feet (jig.1.) In 


these wheels, the water acts entirely by its shock, and evidently this 
must be proportionate to the velocity with which it issues from the 
| hatch, under the pressure of the head in the fore-bay. The distance 
| between the hatch and the wheel must therefore be made as small as 
possible, because the water in spreading out in the mill-race is exposed 
| % lose a portion of its velocity. The fore-bay should be made with 
| converging sides, upon the principle of ordinary conical ajutages, wider 
| towards the dam than to the sluice; and from Poncelet’s experiments, 
it would appear that a great increase of useful effect is obtained by 
' making the hatches incline, so as to offer an angle, towards the dam, 
| of 45°. Immediately beyond the centre line of the wheel, the race 
| must fall away, so as to leave a more uninterrupted discharge into the 
mill tail ; its width must be regulated by the quantity of water to be 
| discharged, because it is found practically that the depth of the stream 
ought not to exceed 19 inches when the course is clear; the depth 
also should never be less than 6 inches, and in order to lose as little 
of the water as possible, the space between the outer edge of the wheel 
and the mill floor, should not be more than 4 or # of aninch, In the 
most carefully constructed mills at the present day, a great improve- 
ment in the etficiency of the wheels is obtained by giving an inclination 
to the floor of the race from the hatch, to the level of the lower edge 
of the second float on the upside of the vertical diameter, of about 1 
in 12, or 1 in 15; the bottom then curves away from that point, con- 
centrically to the wheel, until it meets the vertical diameter line 
prolonged ; and it then falls away with a sudden drop of 4 inches, and 
every precaution is taken to ensure the rapid withdrawal of the tail- 
water. The width of the race is made somewhat smaller than that of 
the floats until a short distance before the position of the wheel ; and 
beyond the centre line it widens out still more than the width of the 
floats. 
As the water, on escaping from the hatch, heaps up against the float, 
the latter must be made deeper than the normal thickness of the fluid 
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the floats | } and } of the vertical fall in the inverse proportion to the height of 
race, provided the gente 
one 


. But with all these improvements, it seems to be very 


Pig. 4. a 


machinery Ste te nepliod diameter of the wheel is 
most cases by the number of revolutions it may be required to 
in a given time, in order to drive the connected machinery at the 
desired speed, and with the intervention of the smallest number of 
parts; and to a certain extent it is desirable to make the wheel act as 
a fly-wheel, to regulate tho movement of the . In the best 
wheels, the velocity of the extremity of the floats is made r = 1°7 ./ 4, 
in which v = the velocity, and H = the fall of water ; and the diameter | 


> 


ihe ee 


minute; and p = the diameter sought: it is rarely, however, that the 
diameter of undershot-wheels varies beyond the respective limits of 13 ; _— 
and 26 feet. The numbers of floats usually adopted are, for the dia- | difficult to secure from the best undershot-wheels a greater useful — 
meters given, as follows : they are multiples of four, because millwrights effect than ie represented by COS: y 
— ibuting them equally upon the quadrants of the wheel; but\) A species of undershot-w ff 
is to be understood that the number may be increased without | consists of a vertical float-wheel worked by the current of the river, or 
inconvenience, if such a course were desired. even Gocsaicually by Wao tide, She esis oe eae 


Diameter. 23 feet. | 26 feet. | | the power actually exerted is but small ; nevertheless, these are 
Sse —j|—- eetcmeeny eal fo mee coualelin, and. Shay preeny oes Sia 


13 ft, 6 in.| 16 ft. 6 in.| 20 feet. 
} 


No, offioats | 28 | 32 36 40 44 from the fact of their not interfering in any way 
ioe | ant conditions of a locality, as the other classes of mills with 

It is found theoretically that an undershot water-whedl, in which tiene = ve et inevitably do, from thelr upholligg tie waneeas 
the water thus acts by its shock upon floats working in a straight mill- BPEL. ; de 
race, only yields an efficient power equal to half the dynamical effort The vertical overshot-wheels with bucketa, Ag. 5, are those in whiei, 
exerted upon it, even under the most favourable circumstances. But in Fig. 5. 4 \ 
practice, Smeaton’s experiments appear to show that the useful results 
rarely attain even that value; and that ing the weight of water pP, 


and the height of the fall nu, the real effect does not exceed 0°25Pr H, 
The useful effect of these wheels is, therefore, v small; but the 
facility they ut for variations in the diameters of wheels, and in 
their Gilelibion venten, them at times advantageous, when an unlimited 
su of water is at hand. 

n the previous remarks it was observed, that the useful effect of 
the undershot-wheel was improved by making the race concentric to 
the outer circumference of the wheel. The gain thus secured is propor- 
tionate to the arc enclosed; and the practice at the present day is, 
therefore, to make that arc as large as the fall will allow (jig, 2), and 


Fig. 2. 


t the 
wheel is caused by the weight of the water on the unbalanced side ; the 


: 
ci 
: 
: 
: 
: 
3 
. 


F 
i 
EB 
B 
z 
5 
2 
E 
g 
= 
& 
g 
2 
a 


according to the resources of the locality where the mill is to 
usually it is made equal to 3 or 9 of the available fall. A space of : 
Shows tall is doh So lots boseoen tha sisqumbcrennset tax sihoneed peeing ty whip otra rede Speen kA | 
the surface of the enclosing arc of the race; the width of the stream is | its ‘durabili ene po t i isting in 
made such as to allow it to fall on the wheel with a thickness of about | ™” ality; the sdtvantage 0 8 


8 inches, and the diameter and number of the floats are calculated as | °°OD0™Y, and its facility of repair. 
hafore.. Tha ‘nastol efect ict Aheas whatis ie tall to Habecen The number of buckets on an overshot water-wheel is determined 


0°60 and 065ru, M. Poncelet has, however, increased still more the | “P°™ the following sie, ‘width ta found practically to be the 
useful effect of the undershot-wheels by making the floate curved, as | "cessful, namely, the diameters being given, the number becomes 
shown in jigs, 3 and 4,and by doubling their number, He confines the 


i 


Diameter. | 10 ft, 15. Gin. |16 ft. 6in.| 20 ft, | 26 ft. | 33 ft, | 40 ft, 


Fig. 3, 


No. of buckets | 24 36 44 | 56 | 76 | 96 | 108” 


| That is to say, assuming the depth of the shrouds to be, as it usually 
is, 12 inches, and drawin; m clvcla sh sae Nie ot eee 

from the inside, the bu are 8 upon that at distances 
apart of 18 inches, as nearly as may be, The length between the shrouds 
will be determined by the quantity of water they have to deliver; 
and it is desirable not only to make the capacity of the buckets suffi- 
cient to receive all the water which may pass into them from the 
hath, but also. to make: tele sepesity equsl'to three times Sas ; 

the 


volume, or the water would have a tendency to splash over, and 
escape. , the water is carried over the top of 
to strike the second or 


precau thoes namateaaET i 
water within a close race, and takes more than ordinary precautions to | consists in the provision of means of escape for the air 1 4 
remove the tail-water; he makes the of the floats vary between | originally in the bucket, or carried down by th , 
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one of the greatest improvements effected of late years in the con- 
struction of overshot water-wheels consisted in the introduction by 
Mr. Fairbairn of the ventilating buckets. The diameter of the wheel, 
of course, should be made as nearly as possible equal to the height of 
the fall, and the velocity of the wheel kept to about the rate of 3 feet 
second, measured on the outer edge. A greater velocity would pro- 
fie a centrifugal force in the water contained in the buckets, which 
would to some extent diminish the useful effect of the wheel. The 
best overshot-wheels, in which the water is conducted upon the wheel 
carefully, and the tail-bay of the channel built so as not to interfere 
with the escape of the water, yield an effective result of 0775 PH; and 
they are, therefore, constantly used when a sufficient fall can be 
obtained for their establishment. In some mining districts overshot- 
wheels of as little as 8 feet in diameter are used ; but they do not yield 
even so good results as the best breast-wheels in close races. A fall of 
16 feet seems, in fact, to be about the minimum fall able to produce 
the full amount of dynamical force an overshot-wheel is able to yield. 
As to the backshot-wheels, they do not involve any other principle than 
the overshot-wheels ; nor, indeed, can they be considered to offer any 
advantage over the latter, unless in some peculiar wherein the 
motion of the machinery may require the revolution of the wheel to 
take place in one i direction; and wherein the water is 
required to be + upon the back part of the wheel. Sometimes, 
it may also be added, there may be an advantage gained by the use of 
the backshot-wheel, if the tail-bay should be exposed to be flooded, or 
to receive backwater; because in such a case the revolution of the 
wheel would still be in the direction of the natural current, and the 
backwater would not oppose the passage of the buckets so seriously as 
would be the case with a true overshot-wheel. 

The breast-wheels are those in which the water strikes the wheel on | 
bea a lag array rambecrege ag between the vertical and the hori- 
zontal lines passing through its centre; and they are made with 
buckets of analogous forms to those of overshot-wheels, in order to 
retain the load on the side receiving the water as long as possible, and 
having the same provisions for relieving the air, and for obviating the 
effects of the centrifugal force of the water. In small wheels the 
water strikes the buckets at an angle of about 40° from the vertical 
line ; in large ones the angle may be 30°, although some constructors 
make it as much as 52° for wheels of 20 or 30 feet in diameter. 
Evidently, however, the efficiency of a breast-wheel must depend upon 
the of time it can retain the water on Ge gong” a4 fog hes 
higher the point of impact, the greater must ee ; in other 
words, a cb Gosdvice tke water only a little above the centre line, 
the loaded are becomes so small as to produce very trifling results. If 
then the fall should not exceed 8 feet, it would be preferable to adopt 
an undershot-wheel working in a close race, rather than a breast-wheel ; 
because it would allow the application of a larger first-motion wheel. 
With a good fall, and with well proportioned buckets, the useful effect 
of the breast-wheel is often as high as 0°70 Px. . 

In some parts of southern Europe, where skilled labour is not 
easily obtained, and the work required to be ormed is of 
a simple nature, a number of water-mills exist in which the 
w instead of being placed vertically, is placed horizontally, and 
the mill-stones for corn or oil grinding are keyed at once upon the 
vertical shaft of the mill. Some of these ree ray pg pre h 
blades so placed upon the shaft, and with respect to vein of w 
suite thats (Gnd ib is giciarally thie cian thas the water fa conducted 
for this in a pipe,) that the shock takes effect normally to the 
the blades. The corn-mills of the Saracens were made in 


0-15 PH; 
i On the banks of the Garonne, Tarne, Lot, 


Fig. 6. 


The wheeis are usually 3 feet 4 inches in diameter, and 10 inches deep 
placed at the bottom of a cylinder about 7 feet 6 inches deep, and 
% feet 49 inches in diameter. A channel pecially diminishing in 
width, as shown, admits water at the side of the cylinder above the 


in its course round the cylinder, a centrifugal foree which acts against 
the curved blades not only by its impulse, but by its weight. There 
| are many localities where wheels of this description would be of value ; 
but even when the wheels are made of the best form, the useful effect 
they produce does not exceed 0°25 pu, and it is very rarely that they 
attain more than 0°16 pH. 

The reaction-wheels are those in which the water is allowed to escape 
through apertures upon a vertical shaft, in such a manner as to 
develope a force in the reverse direction of the outflow, which is cap- 
able of being converted into a movement of rotation. Barker's mill, 
those designed by de la Cour, and by d’Ector, were based upon this 
principle; but the useful results they have produced have not been 
such as to lead to their practical application. They are in fact little 
better than philosophical toys. 

It may finally be stated that in the present state of the arts of con- 
struction, the undershot-wheels with straight floats working in a close 
race are those which are the most adapted to falls of between 4 feet, 
and § feet 6 inches; the undershot-wheels with curved floats are the 
most advantageous when the fall does not exceed 5 feet. Bucket- 
wheels are desirable when the fall exceeds 10 feet, and is less than 
16 feet; and when the supply is variable, it is preferable to use the 
breast-wheel rather than the overshot one: the breast-wheels at all 
times suffer less from backwater than any other form of wheel. Over- 
shot-wheels are generally used when the fall ranges between 16 and 
40 feet; above the latter fall there are decided advantages in the use 
of the turbine, which certainly has a remarkable power of adaptation 
to varying conditions. M. Fourneyron executed one turbine with a 
head of 9 inches, and another with a head of not less than 354 feet. 
Mr. G. Rennie states that the coefficients of the useful effects of the 
various descriptions of wheels are found in practice to differ slightly 
from those quoted above; and that they cannot with safety be 
taken at more than, in overshot-wheels, from 0°60 to 0°80; in 
breast-wheels from 0°45 to 0°50; and in undershot-wheels from 0°27 
to 0°30. 

(Smeaton, On the Power of Mills; Banks, Treatise on. Mills ; 
Buchanan, Practical Treatise on Mill Work ; papers by Fairbairn, 
Glynn, &c.; d’Aubuisson, V'raité d'Hydraulique; Morin, Legons de 
Mécanique Pratique; Belidor, Euler, Navier, Bossut, Coriolis, &e.; 
Re, of Arts ; Transactions of the Franklin Institution, &c., &c.) 

ATERING, in Horticulture, the process of applying water arti- 
ficially to plants. Water in a greater or less quantity is n to 
the existence of the whole vegetable kingdom : not only do the ele- 
ments of water enter into the composition of the tissues of plants, but 
by its agency the various saline ingredients, as well as certain gases 
that enter into the composition of vegetable tissues, are carried into 
the plant. Water also exerts an influence on the temperature of the 
soil and of the plants to which it is applied. It is on these accounts 
that the application of water to plants is an important process in horti- 
culture, more especially in the hothouse and greenhouse. During 
winter plants require little moisture, as the processes of life are at that 
period very inactive, but at the same time a small quantity is required 
in order to meet the demands of approaching activity. If plants are 
supplied with too much water during winter, their tissues become 
distended, and the whole plant is enfeebled. The largest supply of 
water is required when plants are growing rapidly and at the season 
when they are putting forth their leaves, hen plants have ceased 
to grow, or when the leaves and flowers have ceased to expand, they 
require less water. When however the object in the culture of plants 
is to render either their leaves or fruits as succulent as possible, the: 
should be supplied with abundance of water. This is done with 
“spinach, lettuce, and other oleraceous plants, and by this means their 
tissues are rendered more tender, and their peculiar secretions, which 
are often di ble, are diluted, The same thing is done in the 
cultivation of the strawberry, where the object is to render the fruit 
as large as possible. In this case however the large size of the fruit ig 
obtained at the expense of its flavour. Even plants ing succulent 
frnits, as the melon, &c., may be over-watered, and the flavour of their 
fruit destroyed. In supplying water to all plants due regard should 
be had to temperature, as, ceteris paribus, plants require more water in 
proportion as the temperature is higher. : 

Although the supply of water artificially to plants cultivated in 
houses is obviously necessary, there is some doubt as to whether it is 
required by plants growing in the open air, where they are exposed to - 
natural suppli Professor Lindley, in his ‘ Theory of Horticulture, 
says, “ It is indeed doubtful whether watering plants in the open air is 
not often more productive of disadvantage than of real service to 
plants.” At the same time the practice is at present very general, and 
there are some advantages in it, independent of supplying plants with 
water. It is frequently very effectual for removing insects from the 
leaves of plants, and also for removing dust and dirt in exposed situa- 
tions. Mildew is also prevented in annuals by abundant watering. 
The fungi which produce or are found on mildewed peas, and those 
which ig the spinach and onion, may be removed by abundant 
watering. Where the leaves of plants are watered, this should never 
be done whilst the sun is shining upon them, as this increases the 
evaporation. The morning and evening are the best times for watering 
plants ; but where it is necessary to do this in the middle of the day, 
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Wheel and the water escaping from the sluice with violence acquires, 
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the roots alone should be watered. After transplanting, ae of 
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or old plants, in pots or in the open ground, the watering | 


of the plant is always recommended. 

In watering plants several instruments are made use of, as the 
engine, the syringe, and the watering-pot, These are made either to 
throw water through tubes of various sizes 80 as to apply the water to 
a particular point, or by means of a rose which is appended to the tube 
to distribute the water over a larger surface, The former method is 
adopted when the roots of a plant are to be watered, and the latter 
when it is wished to wet the whole surface. Where a stream can be 
made use of, an effectual way of watering plants is to have a sluice by 
which the water of the stream may be let on and off as may be thought 
proper. This is the best mode of watering water-creases and other 
plants requiring abundant moisture. Where there are water-works, 

pes are sometimes laid for supplying compartments of a garden. 
yan and plots of grass may be watered from the water-butt, 
WATERING OF LAND. [Inntcatiox.] 

WATERMAN, one a § rows a boat on a river for a eM igen 
of passengers. The only large body of watermen in England are 
those employed on the res Thames at London. Before the intro- 
duction of coaches they were a very essential class for the conveyance 
of persons not only between London and Southwark, but between 
London and Westminster, and up and down the river to the various 
places on each side. The Thames was then the great highway. Stairs 


and watergates were numerous on the north bank from London to | sy: 


Westminster, where there were many palaces of the nobility, each 
palace having its landing-place, its barges and wherries, and its pri- 
vate retinue of watermen, or bargemen, as they were then commonly 
called. Processions on the river, water-tournaments, boat-races, and 
other aquatic amusements were frequent. In the reign of Richard IL 
the fare for a passenger, with his truss or farthell, from London 
to Gravesend or Milton, was 2d. Stow computes that there were 
as many as 2000 boats in his time, that there were 40,000 water- 
men on the rolls of the Watermen’s Company, and that they could 
furnish 20,000 men for the fleet. No doubt he included in this Jarge 
number the private watermen of the court and the nobility. John 
Taylor, the “ water-poet,” as he styled himself, complains bitterly of 
the introduction of coaches’: “I do not inveigh any coaches 
that belong to — of worth or quality, but only against the cater- 
apd swarm of hirelings. They have undone my poor trade whereof 

am a member.” Since that time the increase in the number of 
bridges and the introduction of steam-boats has reduced the watermen 
to 4 comparatively small number. 

An apprenticeship of seven years on the Thames constitutes a free 
waterman. The watermen and lightermen are an incorporated com- 
pany, founded in 1556, and regulated partly by their own bye-laws and 
py by 7 & 8 Geo. IV., c. 75. With the exception of certain flat- 

med ferry-boats and barges above Kingston, no person can ply in 
a boat for hire on the Thames who is not a member oft the Watermen’s 
Be ar 8 

The Trinity House has, however, power to license certain king's 
seamen, besides Vs to ply on the river. ' 

WATERS, MINERAL. [Arnatep WatEns.] 

WAVE. [Waves axp Tives.] 

WAVES and TIDES in many respects the same charac- 
ter, it has been thought proper to state in one article the phenomena 
and the theories of both. 

From the earliest times the periodical risings and fallings of the 
waters on coasts orin rivers have been noticed ; and the recurrences of 
the phenomena depend so obviously on the positions of the moon and 
sun, that the influences of those celestial bodies in producing them 
have ever been assigned as their cause. The tide appears as a general 
wave of water which gradually elevates itself to a certain height, then 
48 gradually sinks till its surface is about as much below the medium 
level as it was before above it: from that time the wave again begins 
to rise; and this reciprocating movement of the waters continues con- 
stantly, with certain variations in the height (with respect to the mean 
level), and in the times of attaining maxima of elevation and 


depression. 
Ordinary waves are produced by any cause which disturbs the equi- 
librium of the particles of «fluid. Thus, a stone suffered to fall into 
Water at rest gives rise to a series of concentric circular waves extend- 
ing to a great distance from the place where the stone falls; and ina 
canal the fall of a body of water from a level above that of the general 
surface will produce a series of waves advancing along the canal, 

Waves are also produced by suddenly pressing a solid into water, or b 

suddenly withdrawing it from thence ; and a single wave may be cay 
yp ly immersing a solid body in water and moving it quickly, for a 
, in a horizontal direction. The inequalities of the pressure of the 
ait on the surface of water, whether at rest or in motion, when a gentle 
wind is blowing, will produce ripples; and if the action be continued 
long, the les, at a certain distance from the place of their origin, 
become erable waves. In the open seas the heights of the waves 
depend on the force of the wind; but in confined situations both the 
ts and forms of the waves are affected by the resistance of the 
, by reflections from the shores, and other circumstances, When 
Waves are ce | bs Fag ae i ees ite each wave-summit 
€8 CO tly the same t; but the ts go on increasing 
th the distance from the shore, naan ee 


Wind-waves a) generally to be of a cycloidal form: their sum- 
mits havea gentle curvature, while the height bears small propor. 
tion to the length in the direction of the motion; but as the hit. 
increases, the summit becomes more,acute, and assumes the form of a 
ridge ; and when this becomes too sharp for the preservation of equis 
librium, the force of eg Bp ate Renewroenipe beep Bic =o 
it into foam or spray [col, 783 of the present article. The nature of 
this spray itself has been noticed in WATERFALLS.) As waves advance 
towards a shore, the water becoming less deep, the resistance of the 
bed of the sea causes their lengths to diminish, and at the same time — 
their heights to increase, so that the front of the wave becomes -_ 
crate heh Lene at EME ieee Le id 
than that of the lower part, it that the summit is carried Le 
the base; and, falling forward, there is produced whnt is called a surf, 
The breaking of waves over a sunk shoal depends chiefly on alike 


cause, ber ‘ 
The surface of the sea often presents very complex phenomena, It 
co Aye 


may happen, for example, that while a long swell resul! some 
distant storm is advancing in one direction, a breeze ao 
peeriee of waves moving in the direction of the wind; andasecond 
reeze springing up in another direction will produce a new series, 
which will become mixed with the former without them: 


d ea 


and q’ 0‘ the second, the straight line a B being horizontal surface of : 
the water when at rest. Again, when there exists a third system of 


waves, caused, for example, by reflection from a coast, so as to | 
parallel to the two former systems, the combination of the thr 
systems has been observed to produce a com! wave of the 
represented in the third figure, (‘Report of the Committee of the 
British Association on Waves,’) 

The wind-waves of the sea do not extend to considerable 
From the experiments made by the committee appointed by the E 
Association in 1836, it was found that with a depth of water equal 
12 feet, waves 9 inches high and 4 or 5 feet long did not sensib ect 
the water at the bottom. Waves from 30 to 40 feet long, oscillating 
at intervals of 6 or 8 seconds, produced some effect, but much less than 
near the surface: and it was ascertained that, in waves produced b 
the wind on the surface of a deep sea, the velocities were pk direc 
function of the depth. In a storm the sea is probably tranquil at the 

of 200 or 300 yards, The most tory measurements, 
those of the late Rev. Dr. Scoresby (' Report of British Association’ 
1850, ‘ Journal of a Vo to A ’), give, for the height of the 
ighest waves, 43 feet, bottom of trough to crest. val ' } 
t must not be imagined that when water is agitated by waves, its . 
whole mass has the movement which at first sight from the 
observed progressive motion of the undulation; , in order to 
account for the formation and motion of waves, it is sufficient to assume 
that the particles Of SNE, wees Soe reremes mea oer oscilla- 
tory motions in horizontal and vertical directions, hen, from 
cause, as the fall of a stone into it, the water becomes agitated, a series 
of horizontal motions to and fro are produced; and while in a slender 


the surface neither rises nor falls; but if, in 
the particles advance to meet each other, becoming 
pressed, the surface rises; if the particles recede from one another, 
those above descending by gravity, the surface falls, These different 
horizontal movements successively in the same vertical column, — 

it to each other, the sur- 
order, however, to under- — 


com- — 


and simultaneously in those which are 
face of the water becomes undulated, 
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> ad 


stand the true movements of waves, let the 


the surface of water when undisturbed, and, 
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WA 


zontal oscillations by which the water is alternately compressed and 
dilated, let the particles be conceived to ascend and descend alternately 
vertical lines, that is, in lines parallel to a’ aa’, which is su 
be perpendicular toak. Now, at a given instant let the suriace of 
, in a yertical plane, the form abcd, &e., and let the 
4 cause the particles in the line ab m to be raised up to 
in a portion of time represented by 1, that force becom- 
from a horizontally, and ceasing at m. At this 
the force of descent ing, the particles in the line meda 
ecaslatacustateiee- the clas wishes partalee es abm, and at the 
time 1, they occupy the line me’ d'n, Here the force 
ascent acts, and the particles in nefp at the end of the same time 
py the line ne’f‘p, and so on. Thus at the end of the time T the 
catdunn ditise eatee heciaseonsed the forza afl'e'd', do. After this time 
the force of descent on the i 
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iven instant the surface of the water has the 
like manner, at the end ofthe time 317 the forces 
will hay ught the i into the line 
end i again 
in the line abcd, &c.; so that in this time every particle of fluid has 
made one complete vibration vertically, as aa‘aa'’a, and within the 
game time the top of the wave has assumed renee the positions 
dé, f", 9" sh. horizontal distance from d to h is ed the length 
of a wave ; let it be represented by 1, and let 7 express the time 47 in 


which the summit ofa wave has passed from d toh; then ~ is called 
bserving the characters of experimental 


and the 
m'Ue'n' vertically into the line m‘bcr’, and so on; thus, at the end of 
gi 


parts, near the bottoms of the waves, they are moving with their 
velocities backwards ; and at the extremities of the horizontal 
eters, about the level of the water's surface when at rest, the 
is almost wholly vertical. 

ing attraction of the sun or moon on the particles of water 
is alone sufficient to produce the perturbations by which 
; and if it be assumed that the solid nucleus 
is covered entirely with water, both nucleus and water 
originally spherical, those perturbations will bring the surface of 
water to a spheroidal form, the longer axis being in the direction 
a line joining the centres Ctheekhae hhae rca there will 
at the same it, two waves whose summits 
eaetomincane £ one another aad Gh ioleths cteeuaaioeenes of 
motion of the water in the tide-wave is totally 
an ordinary surface-wave such as the wind produces ; 
most violent storms, agitates the sea 
the tide-wave affects the whole depth of the 

to the surface, 
‘ttle attention to the phenomena of the tides suffices to show 
situations where the recurrences of high-water are nearly 


and the greatest depressions at the like 
other; each greatest depression taking 
hours 12 minutes after the instant of greatest elevation. 
ween two successive culminations of the moon on 
geographical meridian of any place varies from 
40 minutes to 25 hours; and thus the intervals between 
high-tide have evidently a connection with the diurnal 
moreover, the occurrence of high-water at any 
we A i weld on the oe tak henboepon 
respect to meridian of the place; at a few ports it coincides 
moon is on meridian, but in general it takes 

some time before or after the culmination. The position of the 
moon at the time is, however, subject to certain variations even at the 
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same port; and it differs considerably at different places. The eleva- 
tions also of the water with r to the mean level differ; in some 
, during about half the year, the high-tide which occurs when 


than that which occurs when 

e other half-year the phenomenon is 
reversed. In every place, at about the times of new and full moon, 
the high-tides attain their greatest elevation ; and at about the times 
of the quadratures, the least ; the former are called spring-tides, and the 
In be and harbours, the time of high-water coincides with that at 
which current ceases to flow, but this is not the case with the seas 
which communicate at both extremities with the ocean. For, if it be 
imagined that a tide-wave flows in at one of the extremities, this will 
cause an elevation of the waters; but the waters which are passing off 


moon is above the horizon is 
moon is below, and durin 


at the te cause, at the same time, a depression, or, at 
a inution of elevation; the surface, therefore, must be 
the when the current flows with equal rapidity at both ex- 


tremities, and not at the moment preceding the turn of the tide, 


When the stream continues to flow up for three hours after it is high- 
water, it is said to make tide and half-tide; if it continues to flow 
during one hour and a half, it is said to make tide and quarter-tide, 
andsoon. Near the shores of the British Channel, probably in con- 
sequence of the obstructions caused by the land, or the disturbances 
at the mouths of rivers, the progressive movement of the tide-wave is 
more retarded than in the middle; and in some places the current has 
curvilinear motions, which on the French and English sides are in 
cpposite directions. The race of Portland is a current produced by 
the tide-wave, while advancing along the shore; being arrested by the 
promontory till it attains a height which allows it to How off obliquely 
with considerable velocity, 

The rise of a tide-wave near the mouth of a river takes place 
rapidly by the shoaling of the sea and the confinement of the wave 
between the banks; for the motion of a body of water is capable of 
raising the particles to the heights through which they must fall to 
aequire their actual velocities; and if the same motion is employed 
in raising a smaller quantity of water, it is evidently capable of 
raising it higher; thus, when the contraction is considerable, as in 
the Bay of Fundy, the Bristol Channel, and other places, the elevation 
becomes very great; at Chepstow it amounts to 60 feet. When, at the 
mouth of a river, the bed has a long and gentle slope on each side, 
the waves, becoming high and steep, fall over, and flow up rapidly with 
a surf, constituting what is called a bore; the bore-wave which enters 
the Severn is 9 feet high, and that which occurs in the Amazonas is 
said to be from 12 to 15 feetin height. [Bors, and col. 784 of the 
present article.] In flowing up a river the summit of the tide-wave 
reaches the different stations lateras these are farther from the mouth; 
and in the Thames it advances from Margate to London, a distance of 
70 miles, in three hours. It is observed also that the current of a river 
runs upward during some time after the summit has passed any station, 
and downwards for some time after the surface of the water is at the 
lowest ; the intervals between the times of low and high water, more- 
over, gradually diminish as the stations are farther up, while the 
in between high and low water increase. 

From the observations made by the committee of the British 
Association in 1836, on the tide-waves of the river Dee in Cheshire, 
it was found that the first wave of flood-tide advanced 5275 miles in 
intervals of time varying from forty-five minutes to one hour, or, at 
an average, at the rate of 6:4 miles per hour; and that the wave of 
high-water advanced the same distance with a velocity, by an aver- 
age of the observations, of 14'6 miles per hour. It is said however to 
have been impossible to determine whether the wave which carried the 
flood-tide to the lower station was the same as that which carried it 
to the higher. It is thought probable that the wave which passed the 
lower station was diffused in the spaces between certain projections 
from the bank on one side of the channel, and was overtaken by a sub- 
sequent wave from the sea. The wave of high-water, being above 
those obstructions, flowed up more regularly, and the observed height 
of the wave approached very nearly to that which is due to its observed 
velocity : it being understood that the velocity of a wave is that which 
would be produced by a body falling from rest through half the height 
of the wave. 

In order that the phenomena of the tides at different places may be 
readily compared together, charts have been constructed, on which are 
drawn curve-lines joining the points at which high-water takes place at 
the same times. Now, since the heights of the wave and the times of 
its greatest elevation vary at every place from day to day, it is neces- 
sary to fix on the height attained at a particular time; and on this 
account, by general agreement, the time of high-water at every seaport 
on the days of full and change of the moon is chosen. This is called 
the “Establishment of the Port;” and an extensive table of “ Esta- 
blishments” for the ports of Great Britain and Ireland is given in the 
* Nautical Almanac ;’* the hours and minutes indicating the time from 
apparent noon on the days of new and full moon when high-water 
takes place. Since, on the first of these days, the moun passes the 
meridian with the sun, the time of high-water on any other day may 
be found from the table by merely adding the “ Establishment” to 
the time at which the moon comes on the meridian on the given day. 
Finding upon the surface of the earth and sea any number of points at 
which the “ Establishment,” when reckoned according to Greenwich 
time, is the same, a line drawn through all the points will indicate the 
summit of a great tide-wave at that time: drawing a curve in like 
manner through all the points at which the “ Establishment” in 
Greenwich time is an hour hee, there is obtained a new position of 
the summit; and it must then be understood that the wave has 
travelled, in the sense above explained, from the first line to the next 
in one hour. These are “ Cotidal lines ;” they were first indi- 
cated on a chart of the world by Mr. (now Sir John W.) Lubbock, in 
the ‘ Philosophical Trans&ctions’ for 1831, and an extensive series of 
such lines’ is traced on the chart which accompanies Dr. Whewell’s 
‘Essay towards an approximation to a Map of Cotidal Lines,’ in the 
‘ Philosophical Transactions’ for 1833, 


# In the ‘Nautical Almanac’ this information is now given in tables of the 
* Time of High Water on the Full and Change of the Moon,” not only at ports 
and places in the British islands, but on the neighbouring shores of foreign 
countries, 
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The definition above given of the “ Establishment” is only babe 
matively true: it is observed by Dr. Whewell, in the ‘ Essay,’ that it 
would be correct if the eee always when moon's 
hour-circle makes equal angles with the meridian; but in fact the hour 
of tide on any day is reckoned from the time that the sun is on the 
meridian; and as the moon changes her right ascension day by 
about forty-eight minutes (the observed hour of the tide belng i 
on the day of new or full moon), the moon's hour angle may di 
according to the time of the day when the conjunction or ) cae 
takes place, compared with the time of day when the high tide is 
observed. Therefore in tion of the hour of the tide on the 
day of new or full moon may leave an uncertainty of about 1h. 8m. in 
the time of the “ Establishment,” unless account is taken whether the 
morning or afternoon tide was observed, and at what hour the syzygy 
took place. 

The subjoined cut, which shows the principal cotidal lines in the 
Indian and Atlantic oceans, is from Dr. Whewell’s chart above men- 
tioned, and contains the modifications introduced in that which is 
given by Mr. Airy, in his Essay on ‘Tides and Waves,’ in the ‘ Encyclo- 
pedia Metropolitana,’ 
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|_ In investigations relating to the tides, it is required to determine 
the form assumed by the surface of the water when the particles are 
subject to the actions of disturbing forces; and for this purpose it is 
convenient to assume that if no such forces existed, the earth would 
consist of a solid spherical nucleus within a body of water whose 
exterior surface is that of a sphere concentric with the nucleus. Let 
the circle cd represent the nucleus, and the circumference ab the sur- 
face of the surrounding water in a plane passing through the centre of 
the earth, and the sun or moon at m : then, in the theory indicated by 
Newton, the attraction of the celestial body will draw the particles of 
water towards it so that the surface ab will assume the form a’; at 
the same time the attraction exercised on the solid part ed will cause 
the latter to take the position c/d’, Thus at the same instant the sur- 


face of the water at a’ and 2’ is farther removed from the centre of the 
earth than it would be if there were no perturbation ; while at e and 
7 it is nearer the centre. If the celestial body were constantly in the 
ew of the equator, the summit of the elevated water would algo be 

that Plane, and exactly or nearly under the body. A section of the 
spheroid of water passing through the poles of the equator and the 
summit just mentioned would be an ellipse, and its periphery would 
coincide with the direction of a terrestrial meridian, By the diurnal 
rotation this tide-wave, as it may be called, would appear to move 
about the earth from east to west at the rate of above 1000 miles per 
hour at the equator; and its positions at the end of every hour would 
constitute a series of co’ lines. Hence, if a small island at the 
terrestrial equator were to project above the surface of the water, it 
would arrive suéceasively at the points a’, ¢, U’, J, a’, so that in the time 
of a rotation of the earth on its axis with respect to the celestial body, 
there would occur at the island two states of high-water and two of 
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if m were the moon, take place at the end of e 24h, 
is called the diurnal tide; and that which akon pled 
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dinraal tide is than the semidiurnal tide, neither of 
cumstances, however, is conformable to observation. 

If an island having a great extent from the 
north and south were to in’ the tide-wave, a 
passing round the extremities of the island, would on its western side 
a the a bert — diferent sieves th 
at the equator, ing, at di on the . 
patterns later, in the directions of their motions. palette 
conceive that the tide-wave of a great ocean will send branches 
sing sabe wich 19 ey apeiee Se ere ee such 
are called derived ti 

The combined actions of the sun and moon, when those luminaries _ 
are in conjunction or opposition, that is, at new or full moon, may be 
readily conceived to produce what are called spring-tides; and the 
diminution of each other's attractions when in quadratures, to produce 
the neap-tides. It may further be understood , as the distances of 
prptiosrhaner tats, fees er Si the ellipticity of the orbits, — 
at the times when either of the i is te pelt ae 
tive power being greater than at other times, the tide-wave raised by 
it will attain a elevation than usual; on the other hand, when 
in apogee, the high-water elevation must be the least. : 

The tides are greatly modified at any station or port by the position 
of the latter with respect to the equator, and by the declination of the — 
sun and moon. The two summits of the great tide-wave are, at the 
same instant, diametrically opposite to one another; and if the latitude 
of the station were sauel 40 the moon's declination on a given day, 
both moon and station being for example north of the equator, the 
summit of the wave would on that day be at the station when 
moon is in or near the zenith; but about twelve hours afterwards, 
the station, having described half the circumference of a circle about 
the earth's axis by the diurnal rotation, will be on the opposite of 
the meridian; and the summit of the wave, being on the southern 
side of the equator, will be at a distance from the station equal to 
twice the moon’s declination ; consequently the height of this tide will 
be much less than that of the former tide. The contrary 10N 
occurs when the moon and the station are on opposite sides of the 


equator. 1 
Among the tide-waves with which we are best are those 


e 


coast of Africa, to the Cape of Good Hope, where it joins the tide-waves 
of the Atlantic. These advancing northwards, cause the time of high- 


water to be successively later at the different ports on the western 


coast of Africa and Europe, and on the whole eastern coast of South 
and North America; so that the wave which at a certain instant is at 
the Cape, in 15 hours from that time is at the mouth of the English 
Channel and on the western coast of Ireland. This wave, being 
rently checked in its progress by the British Isles, divides ii 
two principal branches, of which one flows up the Channel, and pasing 
through the Straits of Dover, is off the mouth of the Thames in 8 
hours from the time that it was at Brest. A small branch advances 
George's Channel; but the second cipal branch of the wave 
flowing round the northern extremity of Scotland, proceeds slowly — 
down the North Sea, and meets the first branch off the mouth of the 
Reeatis Be 0 cen trom ae time that it was at the entrance of the 
From Rio Janeiro to the Falkland Islands a wave summit seems to 
advance directly from east to west; and from the form of the con- 
tinent of South America, the high tide occurs successively later in — 
going southward from Cape Frio, as if the wave came from the north, 
The wave from the southern ocean sets northward, from Tierra del 
Fuego and the Falkland Islands to the coast of and at Port 
St. Elena on that coast it occurs 12 hours later than at those islands, — 
On the western coast of America the tide travels from north to south, 
between Acapulco and the Straits of haens; while from the 
former place it travels northwards. In the Pacific Ocean the ' 
direction of the tide-wave is from east to west; but the heights of the 
tides are small, not ex 2 feet at the islands of the South Sea. 
It is observed however by Dr, Whewell (‘ Phil. Trans.,’ 1833), that this 
must not be understood to be the tide which would be raised if the 
whole earth were covered with water, on account of the modifications 
produced by the form of the continent of South America, The most — 
eastérn part of New South Wales, between 25° and 30° §, lat., has the 
high-tide earlier than points which are situated towards the north or 


south of that tract. 
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Peculiarities in tides, arising from the interference of tide-waves, 


occur in many different places. In the middle of the North Sea there 
is a considerable space within which the tide produced by the tide- 
waves coming from the north and south takes places atone time. And 
Dr. Whewell states, on the authority of the late Captain Hewett, that 
about the Ower Shoal there is no sensible rise of the tide till 3 hours 
after the time of low-water; but when the ebb stream has nearly 
ceased, there is a sudden rise of 5 or 6 feet; so that nearly the whole 
rise of the tide occurs in the last three hours, 

In 1740 the Académie des Sciences offered a prize for the best 
memoir onthe theory of tides: and the paper by Daniel Bernoulli on 
the flux and reflux of the sea shared it with those of Euler and Mac- 
laurin. In that. paper it is assumed that the water is kept in equilibrio 
between the attractions of its particles towards the earth’s centre of 
gravity and the disturbing forces exercised by the sun and moon; and 
though the results of that theory are found to differ greatly from the 
observed phenomena, the theory itself is deserving of attention, since 
the aualytical expressions which have been obtained by it first exhi- 
bited the several phenomena distinctly from one another: those ex- 

ions consequently became guides to the observer or experimenter 
his efforts to ascertain the true values of thé particular etfects which 


they represented. 

The attraction exercised by the solid nucleus of the earth on a 
particle of water at any distance from its centre, being considered the 
same as it would be if all the matter of the nucleus existed in that 


centre, is represented by “>, © being the mass of the earth and 7 the 
square of the distance of a particle from the centre. But if x; y, and z 


are co-ordinates of a particle, the centre of the earth being 
the origin, we have r?=22+y*+2; and the partial differentials of the 


t as 7 ag» Reletivaly to:2; 9, and s, represent the offscts of 
Se ie 
that attraction upon a particle in the directions of the three axes. If 


represented by =, 8 being the mass of the celestial body and r the 


distance of the particle of water from it; and the partial differentials 
of that expression relatively to x, y, and z give the values of the attrac- 
tion in the direction of the coordinate axes: but the disturbing force 
exercised by the sun or moon on a particle of water being equal to the 
difference between its attraction on the particle and its attraction 
on the centre of the earth—the latter, which is represented by 


= (p being supposed to be the distance between the centres of the 


earth and celestial body), is subtracted from the attraction exercised on 
the particle in the direction of one of the coordinate axes, supposed to 
parallel to the line joining those centres, in order to have that 
difference. The attracting forces of the earth in the directions of the 


broad represented by x, ¥,andz, And since it has been demon- 
by mathematicians that when a body is in equilibrio under the 
action of ing forces, the expression xd.7+x¥dy + Zdz is an exact 
differential; the form of the surface of equilibrium is determined by 


on that surface above or below the mean level; then 2*+-y?+2=(r-+h)* 


Uniting the effects of the solar and lunar disturbances by simply 

ing them together, since the disturbing forces are very small com- 
pared with the force of gravity; and introducing, in place of the 
i angles which depend on the longitude and 

latitude of a station, with the right ascension and declination of the 
sun and moon, the value of the term -+ 4 may be shown to consist of 
three parts: one of these depends on the variation of the declination 
of the sun and moon, and indicates a slow tide which goes through its 
about fourteen days; the second depends on the hour 
the sun and moon, and indicates two tides which go 
through their changes in a solar and a lunar day respectively. These 
being combined, there is produced a diurnal tide, the highest state of 
which should precede, at a variable interval, the moon's culmination 
between the times of passing from syzygy to quadrature, and should 
follow it between the quadratures and syzygies. It has been found, 
however, that the observed accelerations and retardations, and also the 
absolute elevations of the water, in very few cases agree with the 
results of the theory. [AcogLERATION AND RETARDATION oF TrDEs.] 


The third part depends upon the doubles of the hour angles just 
mentioned, and consequently indicates two semi-diurnal tides, which 
being combined constitute one such tide, whose highest state is 
variable. The nature of the expression shows that the semi-diurnal 
tide should be the greatest at the equator, and should diminish till it 
vanishes at the poles : it denotes also that it is greatest at new on full 
moon, and least at the quadratures. The theory moreover indicates 
that the difference between two consecutive tides ought to be very 
considerable in Europe ; whereas they are known to be nearly equal 
to one another. Both Newton and Bernoulli endeavoured to explain 
this circumstance by the hypothesis of a general oscillation of the sea, 
in consequence of which the highest tide gives to the lowest a quantity 
equal to the difference between them ; but the researches of La Place’ 
have shown that, even with such oscillations, the two tides could not 
(according to the theory) be equal unless the sea were everywhere 
equally deep. 

Euler, departing from the hypothesis that the.sea is always in equi- 
librio under the action of the sun and moon, endeavoured to introduce 
the subject of fluid oscillations in his theory of the tides; but the 
laws of undulation were not then known, and Euler assumed that a 
molecule of the sea in motion endeavours to regain the position which, 
in a state of equilibrium, it would occupy in a vertical line with a 
force proportional to its vertical distance from that position. 

The theory adopted by La Place, in which there are taken into con- 
sideration the laws of the motion of fluid molecules when acted on by 
attracting forces, was a great improvement on that of the mathema- 
ticians before mentioned; and it is found to produce a more near 
agreement with ihe observed phenomena. The elaborate investigations 
ot La Place will be found in the ‘ Mémoires de ]'Académie des Sciences’ 
for the years 1775, 1776; andin the first and fourth books of the 
* Mécanique Céleste.’ They are also given, so far as contained in the 
first book, in the late Dr. Thomas Young's ‘ Elementary Illustrations 
of the Celestial Mechanics of Laplace ;’ Lond.,1821. As in the former 
theory, the solid nucleus of the earth is supposed to be entirely 
covered with water of uniform depth; and the investigations com- 
mence with the proof (‘ Méc. Cél.’, liv. i., ch. 8) that any portion of the 
water, however its place may be changed, will always retain the same 
volume. The equation expressing this law is called the equation of 
continuity, 

A very small parallelopiped of water within that which covers the 
solidnucleus of the earth is acted upon by accelerative forces arising from 
pressures estimated in the directions of three rectangular coordinate 
axes whose origin is at the centre of the earth: the first is supposed 
to be parallel to the axis of rotation, and the others in the plane of the 
equator: one being directed to the equinoctial point and the other at 
right angles to that direction. The pressures are supposed to arise 
from the attraction of the earth, from the angular velocity of its rota- 
tion, and from the disturbing forces, and to tend towards the origin of 
the coordinates, 

These pressures, which are expressed by partial differential coeffi- 
cients relatively to x, y, and z,in the coordinate axes, are subtracted 
from the accelerative forces arising from the attraction of the earth, 
and the perturbations exercised by the sun or moon, by which the 
molecule would be made to recede from that origin; and the differences 
3 ay Px @y d%z 

es are ted by ——., —2 ——s 
in the directions of the ax represented by ta aw’ aa 

In these equations of motion the partial differential coefficients 
representing the pressures are transformed into others depending on 
the distance of the molecule from the centre of the earth, and on its 
latitude and longitude; while the perturbations of the sun or moon in 
the directions of the coordinate axes are expressed in terms of the right 
ascension and declination of the disturbing body, and also of the 
distances of the latter from the particle disturbed and from the centre 
of the earth. The result is that the expression for the altitude of a 
molecule of water above the mean level, in consequence of the perturba- 
tion produced by the sun or moon, consists of three parts (‘ Méc. Cél.’, 
lib. iv., c. 1); the first does not depend on the rotation of the earth, 
and indicates a tide which goes through its changes in a long period; 
it may consequently be disregarded. The second depends on that 
rotation and on the hour angle of the disturbing body: it indicates the 
diurnal tides, or those which take place when the celestial bodies are on 
or near the meridian, above the horizon; and which follow one another 
at intervals of twenty-four hours for the sun, and about 24h. 50m. for 
the moon, The third depends on an angle equal to the double of that 
on which the second depends; and consequently it represents the semi- 
diurnal tide. 

But the subject of waves and tides has been treated in conformity to 
the theory of undulations by Mr. Airy, the astronomer royal, in a 
valuable essay originally published in the ‘ Encyclopedia Metropolitana?’ 
the investigations, though admitting of general application, are par 
ticularly adapted to the phenomena of tides in rivers and arms of the 
sea; and they are conducted by an analysis within the reach of persons 
acquainted with the ordinary processes of the differential and integral 
calculus, 

Asin the theory of La Place, there is formed an “ equation of con 
tinuity,” which is founded on the equality of a rectangular parallelo 
piped of water at rest, to the oblique parallelopiped formed, when the 
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water is in astate of disturbance, by the new positions of the eight 
es constituting the angular points of the former 

t, as the water is su to be in a , the 
axent of the parallelopiped in the direction of the breadth of the canal 
is supposed to be constant; and therefore it is sufficient to assume 
the equality of the elograms which form a side of each in the 
direction of the of the canal. ' } : 

The caval being of uniform depth, the “ equation of continuity” is 
expressed by 


1--f¢ (between 0 and y) 


where « and y are respectively the horizontal and vertical coordinates 
of a particle of fluid, and where x and ¥ are respectively the horizontal 
and vertical displacements of the particle by the action of the dis- 
turbing forces: the equation expresses a relation between those 
coordinates and the disturbances or displacements. 

An equation of the pressure ienced by ——— e from the 
forces which act upon it is next ag ae the oe rang. 
Let p re t the pressure in every direction on the lower part o! 
Selertek inctanele of water in consequence of the height or weight ob 
the tilament of particles above it: then, the vertical coordinate of the 
particle being y’ or y +¥, suppose in the element d¢ of time the vertical 
coordinate to become y’ + dy’ (the vertical height of the filament above 
the molecule in that position being increased by the general rising of 
the wave), the pressure on the upper part of the molecule will bo 


d, 
greater than before, and may be represented by p + a 3y'; conse- 
quently the molecule may be supposed to be pressed downwards by a 
d 
force represented by *, dy’. Now, in order to render the expression 


for the hydrostatical pressure homologous to that which is employed 
for the force of gravity, it must be considered as accelerative, or as a 
motive-power divided by the mass; and therefore the accelerative 


d . 
pressure downwards becomes a ; which being added to g, representing 


d, 
the force of gravity and supposed to be constant, there arises a +9 


for the whole acceleration of the molecule downwards : hence 
obtained the equation 


ere is 


Py _ ad 
_ ae = ay + fe 

This equation being integrated between the limits for the bottom of 
the molecule and the top of the wave, gives the hydrostatical force b 
which a vertical filament of water descends, or that by which it is 
carried forward horizontally. 

Let the slender column of water above the molecule have a hori- 
zontal breadth equal to./ in the direction of #; then the horizontal 
pressure in front, by which the column is forced » will 
exceed the pressure by which it is carried forwards by a force repre- 


d d. 
sented by oe dh, or by an acceleration represented by = therefore 


d 
the horizontal acceleration forwards is — a: if extraneous forces, as 


the attraction of the sun or moon on the molecule, and the effects of 
friction, be together represented by r, when estimated in the direction 


d, 
of z, there arises the expression rF— L for the whole acceleration 
forwards ; then the “ equation of motion” becomes 


ax _& 
ae =? — Ge 


which gives relations between the terms x, Y, a, y, and t. This 
“ equation of equal pressure” and the “ equation of continuity” con- 
stitute the theory of the motion of fluids in canals of uniform breadth, 
‘The general equation representing the disturbance or displacement 
of a particle of water is the same as that which expresses the dis- 
,turbance of a particle of light in the undulatory theory; and, in 
order to indicate oscillatory motion, both the horizontal and vertical 
displacements are represented by terms containing the sines or cosines 
of angles depending on the time ¢, 
If it be aesumed that 


X=R cos (nt—mz) +8 sin (nt—mz), 


nand 8 being functions of y, the above equations of continuity and 
of equal pressure give, on the supposition that gravity is constant, that 
no us forces act, and retaining for the present only the first 


ax 
power of me of the horizontal displacement 


x ax 
ay + aa =% 


From these two equations are obtained the values of x and ¥ in 
terms of a cos (nt—mz) and B sin (nt—mz), 


Y | supposition, the vertical motion of the superior particles is much 


These values will not be altered if mx is increased or diminished by 
one, two, three, &c. whole circumferen 


wot be altered if mt ie increas Ceara oe fare Cranes 
that is, if ¢ is increased or diminished by Bg #%y While 2 romaine 


the same ; therefore = is the ingrement of time which corresponds 


the particles of water being successively in the like state of disturb 
ance, that is) =" is the period of » wave, or the time between two 
successive formations of a wave-summit at the same place. Therefore — 


~ is the velocity of the wave ; and, from the value found for it by the 


theory, it follows that the velocity depends on m and on the dep 

the water; the latter being constant, the velocity Re ye ) 
length of the wave, or it Hepends on the time in whi » particle 
water makes a complete vibration. If the length of a wave or t 
ey of its vibration is given, the velocity will vary with the depth 
e water, ee 
From a table of the computed velocities of waves of pappg tes =) 
epee 


and with different depths of water, it is found that when the le : 


the wave is not ter than the depth of the water, the a 


velocity is proportional to the square root of the di 
as that whi from 


compared 
the motion at the surface, and at a depth to the length of 
it is only about ;}, of the motion at the surface, On the same 
sition, the test horizontal motion is equal to the greatest ver 
motion, When the length of the wave is great compared bo 
depth of the water, as in tide-waves, the horizontal motion of the — 
particles is nearly the same from the surface to the bottom, and the — 
vertical motion varies with the distance from the bottom," Onthesame 


than their horizontal motion. 

The movement of a particle of water near the 
mined from the values given by the theory tox and y: 
are small, so that a may be considered as equal to 
(x*+¥?)?= 0, a constant; which, being the equation of 
follows that, the cles move in the circumference of a circle whose 
radius is a; but if the length of the wave is great com with the 
depth of water, the equation is that of an ellipse, These last deductions 
from the theory are conformable to what has been observed in - 
mental waves, as above mentioned. It follows that, in a long tide-w: ave 
flowing up a channel, the horizontal velocity in the direction of the | 
wave’s motion is the greatest at the summit of the wave—that is, at 
high-water; at the place of greatest depression—that is, at low-water — 
—the motion is most rapid downwards; and at the mean leyel the 


i 


¢ 
F) 


water is for a time stationary. 

In inves theoretically the phenomena of waves by what 
cause Reape, if the lengths of waves are very great comp 
with the depth of the in which they moye, it becomes necessary 


to retain the second and even higher powers of 2, or of the horizontal 
displacement, in the equations of continuity and of equal pressur i 
but the vertical oscillations being then small, the value of © may be 


neglected.’ Then, if the pertur! actions of the sun and moon 
not considered, 7 so of the differential t 
pressure gives a value of vertical displacem: 
the height of the wave above the mean elevati 
contain & sin (nt—mx) and ka sin (2nt—2mx),k 
water in the canal. Tracing an undulating line 
the values of that vertical heigh' i 
a, the horizontal distance from 
poe 5 ee ee it is found that, near 
and rear 

but as the di 
shorter and steeper, and slope 
great distance the latter becomes ni 
and at le it divides into two 
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seem to be two tides, or elevations of the water, in the upper part of 
the canal, corresponding to one elevation at the mouth. 


Tho value of 2%, or the velocity of the particles of water, is found 


and, substituting in these the 

negative values of the elevation, it is found that the velocity corre- 
ing to the first of these values—that is, at the top of the wave— 

velocity ing to the other; but the motion, 


i 


as the greatest velocities of the water: conse- 
ity of the flow of the wave in the canal is less than 
preceding conclusions relate to the case in which 
the canal previously to the formation of the 
water haying a general movement towards 
which the wave rises, or the time from low-water 
less than the time of the descent; but the 


eet 

Uta 

e of 
B" 


the form of an isosceles triangle, the investigations | 
velocity of the wave would be equal to that of a wave in a rec’ 


and depth. 

When the water, still. supposed to be in a canal of uniform breadth 
and depth, is disturbed by extraneous forces, as the attraction of the 
sun or moon, the term F in the equation of equal is conceived 
to consist of two, one represented by 4 sin. (i¢—m-) for the horizontal 
intensity of such force in the direction of x, and the other by 


G cos, (it—mz) for the vertical intensity; and the equation for ae 


being then satisfied by the equation x=9" (y) sin. (it—ma), in which 
" (y) represents the second differential coefficient of a function of y, 
there is obtained a value of x at the surface of the fluid in terms of 
sin. (it—m<), and a value of the height above the level of still water 
in terms of cos. (it—mz). The wave thus indicated depends upon the 
continuance of the actions of the extraneous disturbing forces, and is 
a by Mr. Airy the forced tide-wave, This wave, he observes, 
cease to éxist if those forces were to cease; but other waves 
the previous action would still continue to exist, and 
distinguishes by the name of free tide-waves. If the canal be 
to surround the earth at the equator, the length of the forced 
is to the circumference of sere great aunt 
expressions for x and y, it appears that the e of the 
vertical disturbing forces on the phenomena of the tides is insignificant, 
almost the whole sensible effect being due to the horizontal force. 
Taking into account the effects of friction, which may be considered 
as a horizontal retarding force proportional to the velocity, and which 
consequently be represented by — / 2%; the value of x contains 
involving the sines and cosines of angles re ted by it—ma 
q, and the expression for the vertical elevation contains the 
cosine of it—mz. The analytical expression arising from the 
of this additional perturbation indicates the fact that 
tides take place later than the times at which the disturb- 
arising from the action of the sun or moon are the greatest ; 


reumstance gives to the wave theory an important advantage 
La Place; for in both these theories the 


t both qrireniiion, the expression 

disturbance of Prien! is found to consist of 
which is the horizontal movement due to the disturb- 
other a combination of free tide-waves, probably 


tide-waves from the opposite ends of 
bounded is of small extent, the horizontal 


E 


JL ULSEEEEy 
lait 
F 
i 


- 
E 


& 


$ 
i 


s 
E 
as 


e 
2° 


SE 


level in the middle of the length, 
onal to the distance from the 


E 


at the 


i 


et 
E 
q 
! 
| 


are zero, and vice vers. 
ie sea at one end and closed at the other, 
have a tidal fluctuation, the termination of 


& 


the analysis shows that the vertical elevations of the wave, and also 
horizontal motion of the of water, diminish continually as the 
Wave advances : also the of the tide-current changes sooner 


instant of high-water than it would if friction were not con- 


into a rise, to which another rapid descent succeeds; so that there | 


sidered. When a river runs ona declivity towards the sea, the latter 
being affected by tides, it is shown that the low-water at certain points 
up the river may be higher than the level of high-water on the sea. 

The bea of which a brief outline has just been stated, applies to 
what are called negative waves by a mere change in the sign of the 
coefficients of the trigonometrical factors. These waves are depressions 
below the general surface of the water, and, like the others, they have 
a progressive motion. Such waves, for example, are those which are 
formed by the paddles of a steam-boat. 

All the theories concur in showing that the difference between the 
diurnal and semidiurnal tides is great in middle latitudes, and small at 
the equator and poles ; and in this respect they are at variance with 
the actual phenomena. From observations it is found that this differs 
ence is as great at certain places near the equator as near the latitude 
of either tropic: it has also been found to be great at Petropaulowski 
and in Norfolk Sound, while in Europe it is small. It has been. 
attempted to account for the latter circumstance by assuming that 
each tide-wave in this part of the world is composed of two, which 
flow towards the same place in opposite directions at intervals of about 
twelve hours. It is supposed that the semidiurnal waves of thesé 
tides, being in the same state or phase, produce together a like effect, 
but that the diurnal waves are in opposite states; so that the superior 
high tide of one wave coinciding with the inferior high tide of the other, 
they together produce a mean height of water differing but little from 
that of the united semidiurnal tides. 

We cannot here enter into the details of the investigations relating 
to'the theories of the oscillations of water, or the discussion of the 
experiments which have been made on waves in artiticial canals, the 
methods of making observations on tides, and accounts of the par- 
ticular tides in rivers and seas; but the experimental researches of 
Mr. Seott Russell have made so important an accession to our know- 
ledge of waves, in its relation to practical as well as theoretical science, 
that this article would be defective without a summary of their results, 
The details of his experiments will be found chiefly in the ‘ Trans 
actions of the Royal Society of Edinburgh,’ vol. xiv., and in the 
‘Report of the Seventh Meeting of the British Association for the 
Advancement of Science,’ 

At the time when Mr. Russell's hydrodynamical researches were 
commenced, the celestial mechanics of the tides, as we have seen in 
the preceding portion of this article, had been analysed and explained 
in a manner satisfactory both to astronomers and mathematical 
physicists, but a great variety of considerations relating to the pro- 
pagation of the tides along the surface of the globe—constituting their 
terrestrial mechanism—remained without explanation. The solar 
and lunar attraction having generated the tides, exercise little or no 
influence over the subsequent propagation of them. It is not until 
50 or 60 hours after their creation that the tides reach our shores, 
having moved in the interval in every possible direction, and with 
every velocity from 100 down to 10 miles an hour, “This movi) 
elevation of fluid,” in the words of the committee on waves, appoin 
by the British Association in 1836, “ may be conveniéntly designated 
a wave, and its history will be the history of the tidal wave ; but to 
confer upon it the name of wave does not imply that its laws are 
those which belong to any other similar elevation with which we are 
acquainted. It was necessary to investigate the nature of this tide- 
wave—to examine the hydrodynamical mechanism by which it is 
transferred from one place to another—to determine the laws which 
regulate its form and its velocity—to ascertain if any relations exist 
between the form and dimensions of its bed, and its own form and 
rate of transference. These and many similar points,” including also 
the effect of the wind upon the tide-wave, “were still unknown.” 
Laplace, Lubbock, and Whewell had severally pointed out how much 
was required to be known, and the last had shown that a great number 
of curious facts in fluid motion had been established by the tide 
researches, some of which had been discussed and others instituted 
and pursued by himself, of which he expressed a hope that the theory 
of hydrodynamics would one day be able to render a reason. 

Such having been the condition of science on the subject when Mr, 
Russell began his inquiries, the following is a condensed statement, 
but nearly in the words of the Committee, of the “ General Results” 
he obtained, and which have eventually been found to possess much 
more than the value which had been anticipated. 

1. The existence of a primary wave of fluid, differing in its 
origin, its phenomena, and its laws, from the undulatory and oscillatory 
waves which alone had been investigated previous to the researches of 
Mr. Russell, have been confirmed and established, This wave was first 
observed by him in 1834, 

2. The velocity of this wave in channels of uniform depth is inde- 
pendent of the breadth of the fluid, and equal to the velocity acquired 
by a heavy body falling freely by gravity through a height equal to 
half the ving of the fluid, reckoned from the top of the wave to the 
bottom of the channel. 

3. The velocity of this pri wave is not affected by the velocity 
of impulse with which the ave bad been originally generated, neither 


the | does its form or velocity appear to be derived in any way from the form 


of the generating body. 
4, This wg Ses been found to differ from every other species of 


wave in the motion which is given to the individual particles of the 


ae i 
ay 
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fluid through which the wave is any rey By the transit of the 
wave the article of the fluid are raised their places, transferred 
forward in the direction of the motion of the wave, and penieneey: 
deposited at rest in a new place at a considerable distance from th 
original position. There is no retrogradation, no oscillation; the 
rotion is all in the same direction, and the extent of the transfer- 
ence is equal throughout & whole depth. oe this wave mri 
be descriptively designated the great primary wave 0 2 
motion of re rm commences when the anterior surface of the 
wave is vertically over a given series of particles; it increases in 
velocity until the crest of the wave has come to be vertically above them, 
and from this moment the motion of translation is retarded, and the 
particles are left in a condition of perfect rest at the instant when the 
posterior surface of the wave has terminated its transit through the 
vertical plane in which they lie. This phenomenon has been verified 
up to the depth of 5 feet. , 

5. The elementary form of the wave is cycloidal; when the height 
of the wave is smail in proportion to its length the curve is the pro- 


late cycloid, and as the height of the wave increases the form 


approaches that of the common cycloid, becoming more and more, 


oo until at last it becomes exactly that of the common cycloid, 
with a cusped summit; and if by any means the height be increased 
beyond this, the curve becomes the curtate cycloid, the summit 
assumes a form of unstable equilibrium, totters, and falling over on one 
side forms a crested wave or breaking surge. . 

6. A wave is possible in forms of channel where the depth is not 
uniform throughout the whole depth. 
the difference between the depth of the sides is considerable, one part 
of the wave will continue during the whole period of propagation in 
the act of breaking, so as to show that in these circumstances a con- 
tinuous wave is impossible. In other cases the ridge of the wave 
rises so much higher on the shallower part of the fluid as to produce 
a given velocity without exceeding the limits of equilibrium, and in 
those cases the wave becomes possible, and the velocity appears to 
coincide closely with that which we obtain by supposing the wave 
resolved into vertical elements, each having the velocity due to the 

, and then integrating. It results that :— 
‘ the rectangular channel the velocity is that of gravity due to half 
the depth. 

In the sloping or triangular channel the velocity is that due to one- 
third of the greatest depth. 

In a parabolic channel the velocity is that due to three-eighths or 
three-tenths of the greatest depth, according as the channel is convex 
or concave. 

The velocity of the great primary wave of translation of a fluid is 
that due to gravity acting through a height equal to the depth of the 
centre of gravity of the transverse section of the channel below the 
surface of the fluid. 

7. The height of a wave may be indefinitely increased by propaga- 
tion into a channel which becomes narrower in the form of a wedge, 
the increased height being nearly in the inverse ratio of the square 
root of the breadth. 

8. 1f waves be propagated in a channel whose depth diminishes 
uniformly, the waves will break when their height above the surface of 
the level fluid becomes equal to the depth at the bottom below the 
surface. 

9. The great waves of translation are reflected from surfaces at right 

es to the direction of their motion, without suffering any change 
but that of direction. 

10. The great primary waves of tronslation cross each other without 
change of any kind, in the same manner as the small oscillations pro- 
duced on the surface of a pool by a falling stone. 

11. The waves of the sea are not of the first order; they belong to 
the second or oscillatory order of waves; they are partial displace- 
ments at the surface which do not’extend to considerable depths, and 
are therefore totally different in character from the great waves of 
translation, in which the motion of displacement of the particles of the 
fluid in the waves of the sea is greatest at the surface and diminishes 
rapidly.’ There are generally on the surface of the sea several co- 
—. a ed tags ege of varying direction 7 magnitude, 
which by their union give the surface an appearance of irregulari 
which does not exist in ting . e, 

12. When waves of the sea approach a shore or come into shallow 
water, “7 become waves of translation, and obeying the laws already 
mentioned, always break when the depth of the water is not greater 
than their height above the level. 

13. Waves at the surface of the sea do not move with the velocity 
due to the whole depth of the fluid; may they not move with the 
corte ayh due to that part which they do agitate, or to some given part 


14. A circumstance frequently observed when the waves break on 
the shore, has been satisfactorily accounted for by the examination of 
the constitution of the-waves of the sea. It has been frequently ob- 
served that a certain wave is the largest of a series, and that these large 
svaves occur periodically at equal intervals, so that sometimes every 
third wave, every seventh, or every ninth wave, is the largest. Now as 
there are almost always several co-existent series of waves, and as one 
of these is a long, gentle “ under swell,” propagated to the shore from 


It appears however that where | posteri 


+ 


the deep sea in the distance, while the othors are short and more super- 
ficial waves, generated by a temporary om 4 
neighbouring shore ; so it will follow that when the smaller waves are. 
4rd, or }th, or jth, or in any other given ratio to the length of 
ones, those waves in which the ridges of the two series are 
will be the periodical large waves; and if there be three sy 
coexistent waves, or any greater number, their coinci 
serge. recurring waves, having maxima and minima of 
orders. 

15, The tide-wave a to be the wave of the ocean 
belongs to the first order, and to be identical with the great 
primary wave of translation ; its velocity diminishes and increases with — 
the depth of the fluid, and appears to pgyes te closely to the 
velocity due to half the depth of the fluid in the rectangular channe’ 
and to a certain mean depth which is that of the centre of gravity of 
the section of the channel, It is, however, difficult to determine the 
limits within which the tide-wave retains its unity; where portions of 
the same channel differ much in depth at points remote from each 
other, the tide-waves appear to separate. Ww 

16. The tide appears to be a compound wave, one elementary wave — 
bringing the first part of flood tide, another the high water, and so on; — 
these move with different velocities according to the depth. On aj 
preediog shallow shores the anterior tide-waves move more slow] 
the low water, while the posterior waves moving more 
diminish the distance between successive waves. The tide-wave | 
comes thus dislocated, its anterior surface rising more rapidly and its 
ior surface descending more slowly than in deep water, = 

17. A tidal bore [Borr] is formed when the water is so shallow at — 
low water that the waves of flood tide move with a velocity so _ 
much less than that due to the succeeding part of the tidal wave, as to 
be overtaken by the subsequent waves; or wherever the tide rises 
rapidly, and the water on the shore or in the river is so shallow, 1 
the height of the first wave of the tide is greater than the depth 4 
the fluid at that tg Hence in deep water vessels are safe from the _ 
waves of rivers which injure those on the shore, 

18. The identity of the tide-wave and the great wave of 
tion, shows the nature of certain variations in the establishment of 
ports situated on tidal rivers. Any change in the depth of the rivers 
cheat a corresponding change between the moon’s transit and the 

igh water immediately succeeding. It appears from the observations 
in this report. that the mean time of high water has been rendered 87 
minutes earlier than formerly, by d ing a portion of about 12_ 
miles in the channel of a tidal river, so that a tide-wave which — 
formerly travelled at the rate of 10 miles an hour, now travels at the 


rate gored 15 miles es len ” Pe 

19. It appears that a wave, or a wave water | 
K ost cere travels faster than a wave of high uses at aa tides, 

oie that there is a variation on the establishment, or on the — 
in’ between the moon's transit and the yore water, due 
to the depth of the fluid at high water, and which should, of course, 
enter as an element into the calculation of tide tables for an inland 
port on the sea shore. The variation of the interval will vary with the 
square root of mean depth of the channel at high water. 

“ These results give us principles,” the committee on waves conclude, __ 
“1, for the construction of canals; 2, for the navigation of canals; 3, _ 
for the improvement of tidal rivers; 4, for the navigation of tidal 
rivers; 5, for the improvement of tide tables.” But an equally 
valuable application, not however foreseen when these results iad bean 
obtained and examined, unless by Mr, Russell himself, was to the — 
improvement of naval architecture. Of this, a brief account has 


already been given in the article Sare-Burtpine. - : 
After the publication of the report by the committee on waves, — 
which contained the experimental investigation of which we have now 
given the principal results, the phenomena of waves engaged the 
attention of eminent mathematicians, who endeavoured to deduce 
from first principles the curious facts which Mr. Scott Russell and his — 
associates observed, so as to reconcile theory with pe aches 
Among these were the Astronomer-Royal (a summary of whose con- 
clusions has been given in this article), Mr. Green, and Professor 
Kelland, who also succeeded in o ing from analysis many of the 
very singular experimental results, Their researches were published 
in the Transactions of the Cam! Philosophical and 
those of the Royal Society of Edinburgh; and Professor Kelland also 
gave a view of the actual state to which the theory of waves had 
been brought in the Report of the tenth meeting of the British — 
The the f regarded Seales part of abstract 
e ti of waves, as a ° 6 
snselelthen, a anal as in certain applications, has been considered also 
in the articles Acoustics; INTERFERENCE; Vipration; and UxpuLA- 
tory Tukorny or Licut, An excellent familiar explanation of the | 
subject, especially as regards the coincidence and interference of — 
waves, will be found in Professor Tyndall's ‘ Glaciers of the Alps; 
. 230-233. ‘a 
PPWWAX. There are several varieties of this substance, but the term 
used by itself means Bers’ Wax, under which heading will be found — 
an account of the manner in which it is secreted, its chemical con- 
stitution, and the means employed in preparing it for commercial 


purposes. 
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Wax is used to a considerable extent in the making of candles, 
cerates, ointments, and The so-called sealing-wax has no wax 
in its composition, [Szattyc-Wax.] Spurious wax is sometimes 
made and sold for cheap purposes ; consisting of yellow resin, mutton 
suet, and palm oil, or turmeric instead of palm oil. Ztching-waz is 
made of bees’-wax and linseed oil; or white wax, gum benzoin, and 
linseed oil ; or white wax, Burgundy pitch, and powdered asphaltum, 
Modelling-waz is described under WAx-MODELLING. _ ida. 

Vegetable Wax. Various plants yield a substance like wax, which is 
obtained, like the vegetable butter, by bruising and boiling them in 
water, when the wax, melting, floats to the surface, and there concretes 
on cooli Of these the most remarkable instance is the Ceroxylon 
andicola, the Wax Palm (Palma de Cera of the American Spaniards). 
Myrica Gale, Candleberry Myrtle, or Sweet Gale, a native of this 
country, yields a substance resembling bees'-wax when its catkins or 
cones are boiled in water. Myrica cerifera, a native of North America, 
yields a similar substance when its berries are thus boiled : candles are 
made of it also, whence the plant is commonly called Tallow-shrub or 
Candleberry-tree. M. quercifolia, a native of the Cape of Good Hope, 
- is another species which yields a vegetable wax. It grows alorig the 
coast, on dry sandy plains exposed to the sea-air, where hardly any 
other plants will vegetate. The wax invests the berries in the form of 
a crust, which is separated by means of boiling water. It is of a 
greenish colour, but may be bleached. When made into candles it 

ives a very fine light. A vegetable wax is also obtained in China 
ater Ligustrum lucidum, which is frequently mentioned as the wax- 
tree in Dr. Abel’s and other travels. - 

Japan is now known to be the chief country whence vegetable wax 
is imported. Small parcels have been brought to market for many 
years past ; the wax being at first in the form of small thin oval cakes 
stamped with Japanese characters. it came over in cases 

ining 1301bs. each. In 1859 a cargo arrived direct from Nagasaki, 
in Japan, of nearly 9000 cases. It commanded a ready sale at the 
price of the best Russian tallow at that time, (57s. per ewt.), but went 
off slowly at the required price of 70s. . 

Dr. M‘Gowan, in a paper read before the Society of Arts in 1860, on 
the uctive industry of Japan, said :—‘‘ One of the most remarkable 
robin is the vegetable wax, several of which have already 
arrived in this country from Japan. It is said that the first adven- 
turer in this article sold his cargo at 100 per cent. profit. The Japanese, 
having discovered this wax to be a valuable article of commerce, 
seemed, when I was in the country, to be making arrangements for 
cultivating more largely the trees producing the berries from which 
the wax is expressed; and, with improved machinery, this article 
could, no doubt, be produced more abundantly and more cheaply. 
The product requires protracted bleaching before it arrives at the 
white state in which it is sent to our markets.” 

Many other plants yield a substance similar to vegetable wax, some 
from the stem, but mostly from the berries. The Rhus succedanea, a 

lant of the same species as the swmach, might (it has been s ) 
bly cultivated in Australia or at the Cape of Good Hope. It 
wise residue, in quality between bees’-wax and vegetable tallow, 
softer and fatter than bees’-wax, and easily kneaded. It has already 
come into use in England in the candle manufacture. If combined 
with any cheap tallow or fat, it makes a mixture useful for many 


WAX-MODELLING. Wax has been in all ages an important agent 
in the art of statuary; and in the formative art generally, whether as 
a fine art, or for the purposes of science. In statuary it is used in 
making the models for the metal cast, but more formerly than at 
oo for now clay is frequently substituted in its place: it is, 

wever, still used by silversmiths in casting cups and other cylindrical 
or spherical objects, especially such as are required to be kept free 
from the markings of joints, to avoid injury to the design or embossed 
work. In fine art it is used in forming images, and iconic portraits, 
small busts, and bassi-rilievi; and it is also very usefully and largely 
applied in the preparation of anatomical models, especially in patho- 
logy, and in the preparation of fruit, flowers, and many objects of 
natural hi A Wax-modelling, when applied as above described, as 
a fine art, is frequently termed the Ceroplastic art («npowAaorixh ; from 
nnpés, wax,and xAuorixh, the art of fashioning into forms). 

‘Wax was formerly indispensable in metal-casting, though when and 
how it was first used is wholly unknown. It may have been used for 
the models of solid casts even in the earliest periods, but was almost 
certainly used in hollow casting, which was a later invention, and which 
will presently be described ; though of an art so entirely practical, no 
description can convey more than a general idea. ; 

i writers of different ages give various directions for the pre- 
paration of the wax to be used. Vasari, who doubtless mentions that 
used in his own time, recommends the admixture of a little tallow, 
turpentine, and pitch, with the common yellow wax, but he does not 
specify any particular quantities. The tallow renders it more soluble 
and fluid, the turpentine more adhesive, and the pitch colours it, and 
assists it in hardening after the operation is complete: it may also be 
coloured with a little red ochre in powder, which must be mixed with 
the wax in its liquid state. It may be made any other colour in the 
same way. A French mixture is—to one hundred pounds of yellow 
wax, ten pounds of turpentine, ten of pitch, and ten of hogs’-lard, 
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which probably would be similar in its properties to the mixture de- 
scribed by Vasari. “ When the wax is melted, great care must be taken 
that it does not boil, or it cannot be repaired when cold. M. Fiquet, in 
his ‘Art du Mouleur en Plitre, gives the following compound for 
founder's wax—to four of wax, mix one of tallow and two of Burgundy 
pitch (pois de Bourgogne), which when melted together are fluid and 


manageable. This was probably the composition used by J. B. Keller” 


and Girardon in preparing the mould for Girardon’s equestrian statue 
of Louis XIV., which was cast entire, or in whole getto. Several other 
mixtures were and are probably employed by different ‘sculptors; the 
above, however, were those employed in France and Italy in the great 
ages of founding, when the wax method was generally in use. We 
may now proceed to describe the methods of its application. 

Andrea Verrocchio, a celebrated sculptor of the 15th century, is said 
by Vasari to have been one of the first among the moderns to introduce 
casting from moulds taken from life, or, in Vasari’s words, to bring the 
practice into general use—“ che fu de’ primi che cominciasse a metterlo 
in uso” (ed. 1568). These casts he made in wax and in plaster; and 
some writers have spoken of him as the inventor of moulding from the 
human figure, and others even as the inventor of casting in plaster ; 
neither of which is said nor could have been intended to be conveyed 
by Vasari. Many arts have been known, and occasionally practised, 
before they have been applied to the ordinary uses to which they were 
well adapted. There is in Florence still preserved in the cathedral a 
cast thus formed from the head of Brunelleschi, which, as Bottari has 
remarked, must have been taken when Verrocchio was only fourteen 
years of age, And with regard to casting in plaster, if metal casts were 
made long before the time of Verrocchio, it is more than probable that 
plaster casts were also made. The first distinguished Italian founder 
of modern times was Andrea Pisano, who modelled the gates of the 
Baptistery of St. John at Florence, which were cast by some Venetian 
founders in 1330. The same sculptor had previously sent by Giotto a 
present of a bronze crucifix to Pope Clement V. (1305-1314) at Avignon, 
which must have been about 120 years before Verrochio was born, 
This crucifix is represented as having been of excellent workmanship ; 
it must have been fashioned consequently by an artist or artists well 
acquainted both with mould-making and with casting, and the idea, 
therefore, that either art can have been ever first practised at so late a 
period as Verrocchio is quite untenable. The fact of bringing artists 
from Venice to cast the gates of the Baptistery of St. John does 
not so much show that Florence was without good metal-founders, 
as that Venice had obtained celebrity for its artists of this class, 
William Austen, a celebrated English founder, was anterior to Ver- 
rocchio. [AustenN, W1tL1aM, in Broa. Div.] However, at whatever 
period and by whatever process the early Italians first prepared their 
moulds for metal-casting, they most probably in all works of con- 
sequence used wax in the preparation of the model for the casting, 
The ancient Greeks and Romans also most probably used wax for the 
same purposes. There aré few ancient bronzes of a large size now 
extant; the principal of them is the equestrian statue of Marcus 
Aurelius before the Capitol at Rome. This monument is hollow, and 
was cast in two parts; and probably the ancient method was not very 
different from that described by Vasari; some ancient works were cast 
solid. The ancients were also in the habit of making plaster moulds 
of objects; in fact the Greeks and Romans were more or less familiar 
with almost every method and contrivance known to the modern 
statuary. (Miiller, ‘Handbuch der Archiiologie der Kunst, §§ 305, 6.) 

It is generally allowed that the triumph of casting in modern times 
was Girardon’s colossal statue of Louis XIV., cast by J. B. Keller; it 
stood on the Place Vendéme at Paris until 1792, when it was destroyed 
by the French populace. The weight of the monument is said to have 
been 60,000 Ibs., and its height, including the bronze pedestal, 21 feet, 
This enormous mass of metal was cast at once, or in a single getto, 
The preparation of the model and mould was on the following plan :— 
When the model of the statue was finished, a safe mould of plaster and 
brickdust was made from it in many parts. [Moprnxine.] Each of 
these parts being marked and numbered, and removed from the model, 
was then oiled, and carefully filled on the inner side to a certain thick- 
ness, an inch or two, with the modelling-wax already described; the 
thickness depending upon the height or position of the part, the lowest 
parts being the thickest, for the metal is destined to fill exactly the 
space occupied by the wax. When all the parts of the mould were 
thus prepared, the whole was again put together in a pit, around a 
simple framework of iron bars, so as to support it firmly in each direc- 
tion ; the lowest parts of the mould being first placed, and the joints 
of the wax of the various contiguous parts being filled in, and the 
pieces carefully united together with melted wax with a brush, as the 
work proceeded. When the whole was put together, it was bound on 
the exterior with strong bars of iron attached to the extremities of the 
bars of the interior framework. The mould is now a hollow shell, 
with a thick coating of wax all over the interior, the whole being kept 
together by iron supports, inside and outside, The next step is to fill 
this hollow shell, through an aperture left at the top, with a com- 
position of plaster and brickdust, which is fire-proof. This fire-proof 
body is termed in English a core, by the French noyaw, by the Germans 
kern, and by Vasari. the anima, Air-vents must be made in the shell 
before the casting of the core. 


When the core is fixed, the original mould or shell is —_ off, and 
E 
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a wax model of the statue appears to the eye. The sculptor now ex- 
amines his wax model, and improves it where there is occasion and 
repairs or makes good all imperfections. When it is perfectly finished, 
the preparation for the founding commences. Over this wax statue a 
new fire-proof mould is made of plaster, brickdust or sand, cow-hair, 
and horse-dung, and sometimes very fine ashes. This composition, 
~ used at first as a fine liquid plaster, is put on in many coats with a 
brush, and care must be taken that every particle of wax is covered 
with the finer plaster : each coat is allowed to dry before the successive 
coat is put on, andthe composition may be gradually made of a coarser 
mixture. When this new shell or mould is of a sufficient thickness 
and is properly strengthened by iron bars, a coal fire must be kindled 
round it and be allowed to burn until the whole of the wax is burnt 
out, proper vents being made for its escape. This burning out of the 
wax is a most tedious and difficult process, lasting sometimes as much 
as four or even six weeks. (Séltl, ‘Bildende Kunst in Miinchen,’ 
Stiglmayer, p. 484.) The great difficulty and long process of melting 
out the wax was the cause of what is called the wax method going 
comparatively out of use, but it is only recently that the clay and sand 
modelling as its substitute has been generally established. Until 1824 
Stiglmayer, one of the most successful of recent founders, used the 
wax method; from that time the clay method. The largest single cast 
by Stigimayer did not amount to one-half of the given weight of 
is enormous cast by Keller: it is, however, now no longer con- 
sidered desirable to cast a monument in a single getéo, [Bronzp; 
Soutrrurs.} 

When the wax is at length melted out, the mould must be strength- 
ened by brickwork, and the whole pit must be closely filled with sand. 
A channel is now made from the furnace, and is divided in its course 
into three smaller channels or ducts which lead to three openings in 
the now hollow mould, which is buried in the earth a little below the 
furnace. The vacuum in the mould caused by melting out the wax is 
to be filled with metal; the origi iron framework, which was con- 
structed before the casting of the core, keeps both the core and the 
mould in their proper places; and air-vents in various of the 
mould preclude any great probability of accident. When all is ready, 
the furnace is opened at a given signal, the liquid fire runs in the 
channels simultaneously into the mould, and that part of the work 
which was previously soft wax becomes perennial bronze, The cast is 
accomplished when the metal pours out from the vents. When cool, 
the mould is broken away piecemeal, and the metal is exposed. The 
core is then removed from the inside through an aperture made on 
purpose ; the whole is then repaired and finished by the bronze- 
workers. [Broxze.] Johann Balthasar Keller, who cast in this method 
the statue of Louis XIV., was a Swiss, and originally a goldsmith. 
He was born at Ziirich, in 1638, and died at Paris, superintendent of 
the royal foundry, in 1720, There is a print of the statue by C. Simo- 
neau ; it was cast in 1699, 

Vasari (Jntroduzione, |, ec.) describes a very simple method for casting 
small figures in bronze. When the mould (cappa) is made, it must 
be reversed in water; melted wax is then ef Fe it, that coming 
in contact with the cold wet surface of the mould cools immediately, 
while the interior portion remains liquid; the mould must be again 
turned over, when the still liquid wax in the centre will immediately 
run ont, leaving in the mould a hollow wax shell. The shell must now 
be filled with the proper plaster, and this constitutes the core of the 
object. The wax is then burnt out, and the cast is made as usual. 

t remains to treat of that department of wax-modelling termed 
Oeroplastic. Under this term is comprehended modelling and casting 


in wax, though not in the manner already described. The art of 


casting in wax from nature was, according to Pliny (‘ Hist. Nat.’ xxxy. 
44), invented by Lysistratus, of Sicyon, the brother of Lysippus, about 
300 B.c., who, he says, first of all men took plaster moulds from the 
face and made wax casts from them. wax portraits became 
eventually very common, and especially among the Romans. It is 
however very unlikely that the many treasured wax portraits we read 
of in ancient writers were made from moulds taken from the face 
itself. Such would be the mere resemblance of death, for they would 
be without eyes and otherwise void of expression. They were 
probably cast from moulds taken from models, though such masks 
may have been used in the formation of the models. 
m Pliny (xxxv. 2), we learn that the Romans were in the habit 
of having wax images of themselves made, to be handed down to their 
terity. Many writers notice and praise the custom. Valerius 
imus (y. 8. 3), alludes to the advantages of the practice by virtue 
of example. It was indeed a privilege to which only some were 
entitled. None could make them but those who had p Pose fo; or 
whose ancestors had, borne some curule magistracy. Cicero speaks of 
the right of handing down your image to posterity. The number of 
ancestral images therefore became an object of pride and an evidence 
of ancient nobility, and the antiquity of a family was sometimes 


expressed applying the epithet smoky to its images, “ fumos« 
imagines.” in ‘ Very’ vi. 14.; in ‘ Pisonem,’ 1,; and ‘De Leg. 
Agrar.’ ii. 1.) 


The most striking concerning these images is in Polybius 
(vi. 52), who as a Greek and a stranger would be more impressed by 
so peculiar a custom ashe describes. He says, “ Upon solemn festivals, 
these images are uncovered, and adorned with the greatest care. And 


when any other person of the same family dies, are 0 it 
the funeral procession, with a ody added to the bast, that the repre- 


Thus apparelled are drawn along in chariots 

the rods and axes, and other i pig ewer pines: ‘acd 
when they arrive at the forum, are all seated i 
ivory; and then exhibit the noblest object that can 
youthful mind warmed with the love of virtue and 


rte bo special notice: they are described by Vasari 
w of es notice : y as 


le, 


and the heads, hands, and feet were cast in wax, of considerable 
ness, but hollow; they were then i witb hair and glass 
and painted in oil-colours to the exact imitation of life 
draped in clothes which had been worn by 
draperies a fixed character they were waxed. These r 
altogether so successful, says Vasari, that they appeared to be Ae ring 
One of or the church of the Monache di Chiarito, 
the Via di San Gallo; another in the Servitant 

ciation; and the third in the church of Santa Maria degli Angeli at 
Assisi. In this Servitant church were many other 

Orsino, all of which were marked with an O, in which was 
above it a cross; but they have all long since perished. Vasari adds 
that few works of later wax-modellers were to be ‘age 49 with those 

of Orsino, and complains that the art had declined. for yee a 
ever after the death of Vasari, Jacopo Vivio distingui i by 
a model on slate, in coloured wax, of Michel ’s Last Judgment 

in the Sistine Chapel. It was engraved by rosio Brambilla, and 
a particular description of it was published in Rome in 1590—*‘ Discorso 
sopra la mirabil opera di Basso-Rilievo di cera stuccata con colori, 
scolpita in pietra nera, da Jacopo Vivio,” 

Two centuries after Verrocchio, and one after Vasari, this art was 
very usefully and with the utmost skill applied by Gaetano Giulio 
Zummo, born at Syracuse in 1656, to the, preparation of anatomical 
models and — ogical examples. Zummo obtained a Kuropean 
celebrity for his two groups of figures representing the various ee 
of corruption of the human body and the effects of the plague. 
modelled also an anatomical h at Paris, which is describedin the 
Mémoires of the French Academy of Sciences, of 1701, the year of his 


death. 
ical preparations which was made for — 


| 


ssn wurpeous af colance a theh of tbe iestaie et Belagun, sone 
e purposes of science t of the Institu’ i 
by Benedict XIV. It was commenced under the direction of Ercole 
Lelli, but the greater part of the preparations were made by Giovanni 
Manzolini of Bologna and his wife Anna Morandi Manzolini. Manzolini 
died at Bol in 1755, aged 55, There are some of his models in 
London and in many other cities of Europe. Anna Manzolini obtained 
still greater celebrity than her husband ; she executed all or the greater 
part of the obstetric models in the Stanza Ostetricia of the Institute 
which were prepared under the direction of Dr. Antonio Galli. She 
also gave public lectures on anatomy in Bologna, illustrating her 
discourse by appropriate models, She died in 1774, ma 57. (Cresply 
* Felsina Pittrice,” where there are portraits of both the Manzolini.) 
There is a still more extensive and remarkable collection of wax 
anatomical models in the Museum of Natural History at Florence; it 
was established by the Grand-Duke Leopoldo, and occupies fifteen” 
chambers. It contains the works of various artists, but the principal 
contributors to its treasures were, Felice Fontana and Clemente Susini. 
The works of the earlier modellers in wax are set apart ina chamber 
by themselves: here are some of the models of Zummo, among which — 
is one showing the whole anatomy of the human head, similar probably 
to the one made at Paris, . “ 
The Musée Dupuytren at Paris is celebrated for its morbid speci- 
mens; it is perhaps the richest paabologieal collection in the world, 
It was pu by the University of Paris, of the heirs of M, 
Dupuytren, the celebrated anatomist. Most of the principal cities of — 
Europe have now their collections, and some of them very fine ones, — 
«i this Gapartmentol asodslling none bub the. purest wax Salant 
In this de ent of modelling none bu purest wax is u | 
which is the case also in all works where the wax is the final substance — 
of the work. Different modellers use different compositions; and 
' some allowance must be made for hot and cold weather,as what would — 
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be well adapted for summer weather might be too brittle for winteT 
use. Some modellers use simply wax and a small proportion of 
Venetian turpentine; others wax, resin, common turpentine, and a 
little olive-oil ; the wax being at least two-thirds of the whole compo- 
sition. It is seldom if ever used pure, as in all objects to be modelled 
whi e or some colour must predominate: for instance in modelling the 
brain, white in powder must be mixed in the composition, and the 
same respect must be had with regard to the predominant colour of 
every object to be modelled. 
strict rules can be given for the of modelling, as each 
modeller will soon acquire methods of his own, and generally speaking 
artists of this class object to disclose their peculiar processes, imagining 
it to be detrimental to their interests. However, we may speak of 
principles. Nearly all wax models are cast from moulds, and 
the casts only in some cases require the assistance of modelling: these 
Moulds are taken from the objects themselves, either in 
_— of Paris or in a composition of bees’-wax, Burgundy pitch, and 
enice turpentine, with a very small quantity of olive-oil. The 
advantage of this latter composition is, that even when cold, if pro- 
perly mixed, the mould is elastic or flexible; and if made thin, when 
cut on the edges can be peeled off the cast in pieces without any 
danger to the cast: in taking moulds in plaster of Paris, the object 
moulded must sometimes be destroyed to render the mould available. 
Gelatine is now sometimes employed for making elastic moulds. 
Round objects must be moulded in two or more parts. Sometimes 
when the object is cast in the mould, the mould must be destroyed 
before the cast can be removed, and in destroying the mould there is 
danger of destroying the cast also; the elastic mould therefore has 
great advantages in such cases over the plaster mould. When only one 
view of an object is presented, and it is only slightly convex, the 
plaster mould is quite sufficient, except the object itself, as the brain, 
presents a very uneven and delicate surface. When the cast is to be 
taken from the plaster mould, the mould must be moist with water, 
but not absolutely wet, or the water would injure the very delicate 
surface, which occurs in some pathological cases: the mould may be 
moistened by allowing it to stand with the interior or face uppermost 
in a dish of water, when it will soon absorb sufficient moisture for 
the oy The mould must not be oiled when any delicate work is 
bade Unset sapenlions yaratlpar we sd lag —edleacechanabmcey 
ps counteract principal aim of the cast. wax composi- 
tion mould must be slightly touched with a soft hair-tool with oil, to 
enable it to peel away afterwards without the slightest danger to the 
cast: being of a perfectly smooth surface, the small quantity of oil it 
retains is immaterial. 

When the cast is made, and what they call backed up (that is, 

ed with a coarser composition within), the process of paint- 
ing commences ; but all effects cannot be given by mere colour, some 
morbid deposits and effects require to be expressed by adding wax of 
the proper colour with a hair-pencil or other tool. The colouring is 
done from the natural object represented, with fine hair-pencils and 
powder colours moistened with turpentine and tempered with a little 
wax; simple water is also sometimes used as the colouring vehicle. 
When the colouring is finished, the whole is covered with mastic 
varnish. In cases where the morbid effects or evidences of disease 
are of a distinct substance from the healthy texture, different coloured 
wax should be used in casting the healthy and diseased portions, and 
the parts may be corrected by modelling. The same process must be 
employed in modelling fruit and other objects of natural history, as 
in anatomical models: but fruit, which is generally in full 
or relief, will require eee that is, to be moulded in 
several pieces, which is done or part at a time. Flowers are not 
all cast ; they are prepared from leaves of coloured wax made e: 
for the purpose. ese leaves are cut the required shape; they then, 
with the necessary colour and a hair-pencil, receive their local tints; 
and are finally joined and fashioned into the required flower. Insects 
are modelled by combining the two processes. In moulding objects 
with hair or delicate raised parts, a little oil must be carefully put over 
the parts, unless they are wet. Dry firm objects may be moulded 
without oil ; the plaster must be removed as soon as it is set. 

It remains yet to speak of the mode of making images. These like- 
wise are made in various ways; but the essential process is casting. A 
head may be simply cast, and, when the hair and eyes have been added 
to it, the local tints be given with turpentine and colour. This 
method however uses a considerable quantity of wax, and various 
devices have been had recourse to to save wax. One mode is to cast 
the pure wax thin, and to back up or fill in to a considerable thickness 
with a coarse composition of bees’-wax, resin, and cow-hair or tow; in 
casting images the mould may be oiled. Ordinary heads however may 
be made in this manner :—Let a thin block head be fashioned in a 
mould or otherwise, of coarse paper pulp and size; when dry it must 
be coloured all over with flesh-tint, the local colours being put on, a 
higher degree than is natural, as also the colours of the cheeks, lips, 
aud eyebrows; the whole may then be covered with wax, which must be 
poured over it two or three acs, until the surface is well covered ; its 
regularity may be secured by retarding the cooling of the wax and 
assisting it to ran, by means of a hot iron or burner (called cauterium 
by the ancients), which must be held near it until the whole has a 
uniform surface. The colour originally painted on the paper block 


will show through the wax, and the head will require but the hair, 
the eyes,and a few local touches to finish it. Masks may be also 
dipped in wax, or the wax may be put on with a hair-tool, if the mask 
be kept warm; or a wax cast may be backed up or strengthened with 
strong paper pulp. There are however other methods of modelling 
wax figures, but no method can be properly explained by a verbal de- 
scription; such mechanical processes must be witnessed to be under- 
stood : for this reason this article has been limited to mere general 
principles, which is as much as the general reader can require or 
understand. 


Sculptors are in the habit of making wax models of small objects 
in the round, or for bassi-rilievi to be cast in metal, in the same manner 
and with the same tools that common clay models are made of: the 
same wax is used as is required for casts. [Mopmiitne.] Medals and 
small bronzes are generally modelled in wax. Impressions from seals, 
engraved gems, and cameos are taken with wax. The wax, which is 
prepared with a little powdered sugar-candy, turpentine, and lamp- 
black, after being melted, is preserved in small cakes. These cakes 
when wanted are softened by repeated pressure of the fingers, and are 
then compressed into or upon the seals or cameos, previously wetted, 
from which the impressions may be required. 

WAX, SEALING. [Szaume-Wax. 

WAY, Chimin (from the French Chemin), is a term used to denote 
either a right, in one person or more, of passing over the land of another, 
or the space over which such right is exercisable. In the former sense 
a way is an incorporeal right of the class called EasEmMENTs. 

There are five kinds of way :—1. A foot-way, for persons passing 
on foot only; 2. A horse-way, for persons passing on horseback, but 
including a foot-way; 3. A drift-way, for driving cattle; 4. A carriage- 
way, for leading or driving carts and other carriages, always including 
a foot- and horse-way, and usually, but not necessarily, including a 
drift-way ; 5. A water-way for ships and boats. [River. 

All these may be either private or public ways. Private ways are 
enjoyed by particular persons or classes ; public ways are open to all 
persons ; hence such a way is said to be communis strata, or alta via 
eee the language of pleading, a common and public queen’s 

-way. 

I. The proper origin of a private right of way is, a grant from the 
owner of the soil. . : 

Such a grant may be made to a party, or to him and his heirs in 
gross; that is, without respect to any land or house of which he may 
be the owner or occupier: or to the grantee, his heirs, and assigns, 
being owners of such a house or close; in which case the right granted 
will be ap mt to the house or close to which the grant is 
annexed, and the right will pass with the house or close. 

The grant of a way may be either express or implied; and in the 


case of an express grant, the grantor may impose such restrictions . 


upon his grant as he thinks proper. If a man at the time when he 
conveys part of his land to another, has no access to the land con- 
veyed, except over the land which he reserves, the grant of a right of 
way over the land reserved is implied. If a man conveys part of his 
land, and has no access to the part reserved, except over the Jand 
conveyed, a right of way over the land conveyed is impliedly 
reserved. The way so impliedly granted or reserved is called a “ way 
of necessity.” 

Where no deed can be produced whereby a way is expressly or im- 
pliedly created, the party who claims the way may, in the case of a 
long-continued user of the right without evid of com t 
or interruption within the period of legal memory, plead that it has 
been immemorially enjoyed by him and his ancestors in the case of a 
way in gross, or by him and all those whose estate he has, in the house 
or close to which the way is annexed, in the case of a way appendant 
(that is, immemorially appurtenant). 

Until lately also, a lost grant would be presumed in ordinary cases, 
after an uninterrupted and unexplained user of twenty years. The 
rule of law as to prescription for ways is settled by 2 & 3 Will. IV, 
c. 71, 8.2. [Prescrrerion.] 

A grant of a right of way made by a person who has only a limited 
estate in the land over which the way passes, is effectual only during 
the continuance of the estate of the grantor. If a claim to a right of 
way is set up in respect of the twenty years’ or the forty years’ enjoy- 
ment mentioned in the statute, if it, appear that the land over which 
the right is claimed has, during the whole or part of the twenty or 
forty years, been in the occupation of a party who had a limited estate 
in such land, not only is no right of way acquired against the rever- 
sioner, but no right whatever is gained by the user. 

The party to whom a private road is allotted under the general 
enclosure act, has a statutory right of way. 

If the party entitled to a way becomes the owner of the land over 
which it passes, the right of way is extinguished if the party has the 
same extent of interest in the land and in the way. But if the one be 
held for an estate different in extent of duration from the other, the 
right is only suspended during the union of the two interests. ven 
where a right of way is extinguished by unity of possession, it will, in 
some cases, revive upon a severance of that unity, as by partition 
among parceners, &c. A private right of way may also be extinguished 
by a deed of release executed by the party who is entitled to such 
way; and such a release may be presumed from a non-user for 


— 
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twenty years or from a declaration made by the party that he has no| WAYS, ROMAN. Our old chroniclers and writers give me 
such right. to four principal ancient highways which they suppose to een 
A way of necessity is limited the necessity out of which it has | either originally formed by the * ino in Britain during ou 
arisen. If the to whom such a way is impliedly granted, or by Seem of the country, or at least to have been completed and 
whom it isimpliedly reserved, becomes entitled to some other access to | by that people upon lines of road for the greater part traced — 
his land, equally direct, the way of necessity is gone. and by the former inhabitants, The names however by which 
The particular rights of the grantee of a private way continue to | the four highways are distinguished y apr to be Saxon in form, — 
exist notwithstanding the owner of the land may have dedicated it to | although they ey be Roman or British in etymology; Watling-street, — 
the public as a high-way. The grantee cannot throw the burden of | Ikenield-street, ine-street, and the Fosse-way. The Saxons no 
repairing the way upon the grantor, unless by the terms of the t, | doubt adopted the Roman highways, but ge ie them new, or 
evidenced by the deed or by user, the grantor has engaged to enable the | altered their existing names. W; is held to have extended 


grantee to use the way. 

If the occupier of the land over which a private way passes, or 
any other person, obstruct the way, the party entitled to the way may 
remove the obstruction, and he may also bring an actionfon the case, 
or, in some cases, an action of covenant against the obstructor. 
On the other hand, if the occupier of the land resisting the claim 
of a right of way, bring an action of against the person 
exercising the alleged right, the defendant may plead in justification 
a title founded upon prescription, grant, reservation, or statute. 

IL Between private ways and public ways stand what may be called 
quasi public ways, which partake of the qualities of both, but differ in 
some respects from each. ~ By some writers these are classed among 
private, by others, among public ways ; they seem more properly to 
constitute a distinct intermediate class, Such are ways which the 
inhabitants of a town, &c., have immemorially used from their town, 
&c,, to a church or market. A right of this description cannot, in 
modern times, be created. It cannot be the subject of a grant, inas- 
much as inhabitants, as such, are not at this day capable of taking any 
interest by grant ; nor can it, like a public way, be created by dedica- 
tion. as a dedication of a way can only be to the public at large. Such 
a right therefore can exist only as the consequence of an ancient 
custom. 

Ifl. A highway is created where the owner of the soil has, by 
ex words or by some act done or forborne, declared his inten- 
tion that the public shall have the use of a way over such soil. The 
dedication of a way to the public may be by writing or by words; so 
that it may be inferred from the acts of the party,as the throwing 
down of fences, or from mere tacit acquiescence where the acquiescing 
party is in possession of the land, and therefore has the means, if dis- 

so to do, of preventing the use of the way. In all cases, how- 


ever, it is necessary that the party dedicating should have a sufficient | j 


interest in the land to warrant such dedication. If he has a less 
estate than a fee-simple, his dedication will not bind the reversioner. 
But it would also ap that the owner of such a limited estate could 
not even dedicate a fiche to the public for the limited period of 
his interest in the soil, and that his attempted dedication, however 
distinctly and formally made, would amount to nothing more than a 
licence revocable at pleasure. 

When there is no express dedication, the presumption of an inten- 
tion to dedicate, arising out of the conduct of the party, may be 
rebutted ; as by showing that when the public were first admitted a 
bar or a chain was occasionally placed across the road, whereby passen- 
gers might, at times, be excluded; although it should also appear 
that the bar, &c., had long been omitted to be used, or that it had 
been suffered to fall into decay, or had been actually broken down, 
and that no attempt had afterwards been made to restore it. 

A highway is frequently created by statute, principally under in- 
closure acts. 


Whatever may have been the origin of a 
mon law, be destroyed or altered, except 
upon a writ of ad quod damnum. 

By the common law the burden of maintaining 
— the occupiers of lands and tenements within the parish, or rather 

thin the township in which the way is situated. But particular 
persons may be bound to repair a highway. This special liability may 
exist by reason of enclosure (ratione coarctationis), against parties who 
have enclosed the sides, or one side of the road, and have thereby 
lessened the facilities for breaking out into the adjoining lands where 

; or by reason of the possession of lands (ratione tenura 
terre swe), which have by some means become chargeable with the 
burden. In the case of a corporation aggregate, a liability to repair 
may also be established by prescription only, or ancient usage, without 
enclosure or tenure. 

Any obstruction or other nuisance in a highway may be abated or 
removed by any person who chooses to undertake the task. The 
wrong-doer may also be proceeded against by indictment as for a 
misdemeanor; but he is not liable to an action, as he is in the case of 
nuisance to private or to a quasi-public way, except in respect of 


damage. 

The regulation of highways has frequently been made the subject of 
legislative interference. The general statute now in force is the 5th 
and 6th Will, IV. o, 50, 

In the case of a way over water, either private, quasi-public, or 
public, if the course of the water alter by sudden or gradual change, 
the way is continued over the new course, Every navigable river, 
arm of the sea, or creek, is a highway for ships and boats. [River.] 
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hway, it cannot, at com- 
r an inquisition taken 


highways is thrown 


German Herzog. 


from Dover to Chester ; or, according to another hypothesis, to Chester- _ 
le-street, in Durham, passing through Canterbury, London, and Veru-— 
lam, from which last-mentioned town it had also the name of Werlaem- 
street. Its remains, or sup remains, are still known igs | 
laces by the names of High Dyke, High Ridge, Ridge Way, and — 
rietber Wetlixgetress 2d actually pess throagh, Londons kes aii 
whether Watling-street di pass ion ; 7% 
received opinion is, that it passed along the line of what is still called 
Watling-street in the City, meeting the other three great roads or 


branches from them at the central milliarium in Cannon-street, pointed — 
out by the site of London Stone, and crossing the river at eG 
what is still called Stoney-street on the Surrey side. The ward. 
course of Watling-street, after leaving London or its sab . 
is supposed to have been over Hampstead Heath, to ware, and 
hence, through Verulam (or St. Alban’s), and Dunstable in Bedford- 
shire, to Stoney Stratford in i ire, whence it skirted — 


and seeeee preoere a 
north-western direction to Chester. Ikenield or Ichenild-street is said 
to have been so called from its commencing on the eastern : 
island in the coun 
to be the same with the Simeni of Ptolemeus, who appear to have 
occupied Norfolk, Suffolk, and Cambridge. On the supposition how- 
ever of London Stone having been the central milliarium where all the 
great roads — coun’ predic yg Send thas must have 
extended to this point; it is sup; to have oe 
and to have been otherwise known by the name of the Vicinal ay. 
The course of the Ikenield to the westward is extremely obscure : it 
appears to have crossed Watling-street at Dunstable, and thence ex- 
tended first south-by-west to Dorchester, and thence westward through 
Devonshire and Cornwall. Ermine or Hermin-street, again, i - 


ton on the Humber, where was a oa f 
proceeded northwards to Whitby, an: -by-west to York; and 
thence to the border, and later into Scotland. Finally, the Fosse is 
supposed to have taken its course from south-west to north-east, begin- 
ning near Totnes in Devonshire, and passing through Bath, . 
Chipping Norton, Coventry, Leicester, and Newark, to Lincoln, where 
it Waited with Ermine-street. The courses of these and the other lead- 
ing Roman roads through the several counties will ly ‘be found 
described more particularly under the several counties in the Gzoa, 


Drv. The whole subject of these supposed Roman highways is how- 
ever obscure and undetermined. Yet it is certain that the entire 


of the country was, during the Roman occupation, covered with a 
work of roads, and these four would seem to have been the main 
while others branched from them at various poin: 


tne Lpetiepelng bec, roads 
were marked by directness of course ; — 


down to us; that called of Antoninus is probably of the 4th century, 
that of Richard of Cirencester of the 14th century (of which however 
there are doubts as to the genuineness), and a less complete one com- 
piled in Ravenna in the 7th century: each is believed to have been com- 
piled from more ancient materials. The four great roads, with one or 


two more, such as Akeman-street, extending westward from London to 
Bath, may have been, as commonly su) , the old British highways; 
but there can be little doubt that they were re-formed recon- 


structed by the Romans, Vitruvius has left a full account of the 
Roman system of making payed ways [Roaps], and these i 
roads, though less elaborate in construction than those divergi 
Rome itself, seem, from the presented by their founda- — 
tions wherever they have been dug up, to have been formed on the 
same substantial principle. Where they remain, og are still often — 
in good order, although they were doubtless adopted by the Saxons, 
and continued to be used for a long period subsequently. ta 
WAYWODE, or WOYEVODA, is a Slavonian appellation, derived 
| from voyna, “war,” and vodit, “ to lead ;” and consequently it has the 
| same etymology as the Latin Duz, the Saxon Heretog, and the modern 


originally given to military commanders in different d 
4 


This name was 


ee ae 
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Slavonian countries. In Poland each palatinate or province had its 
woyevoda, whose duty was to command in time of war the pospolite, 
or arridre ban of his province. The woyevodes had in time of 
peace a certain administrative authority, and composed the first 
class of the senators. By a rather improper comparison with the 
Comites Palatii of the empire, they were translated in Latin by 


“ i 


of general. The civil woyevodes were divided into provincial and 
and were governors of provinces and towns: 
ion was only under the reign of Catherine I. 
into that ernors, commanders, &c. : 

The appellation of waywode was assumed for some time by the 
rulers of Moldavia and Wallachia, who substituted for it afterwards 
the Greek title of despota, and fi its Slavonian translation, hos- 

The princes of Transylvania likewise sometimes the title 
of waiwode, which was also iw Turkish officers. 

W is here pronounced as i . 

WEALTH is the means of obtaining the products of labour. An 
individual is rich or poor according to the quantity of the necessaries 
ert bn wee pareiene; end a. nelion 5 rich or 

, in the aggregate, according to its means of enjoying su van- 
lon Labour is the source of wealth, and every addition to its 


a 
ui 


_ produétiveness tends to increase wealth, by lowering the cost of com- 


to be obtained. Political 


modities, and 
ing the increase of 


rendering them more eas: 


eee cee to Sa tomes, of wealth. Thus the separa- 
of men into different em: ts is highly useful, as it perfects 
in their respective arts, and causes a general 


cost of the article oe it is <e = 
ily tend to the increase of the number o 
issn weoch their first introduction may threaten the 
Facilities to the ready and effective application of capital 
add to its utility; as credit, for example, which lends to one 
capital of another when he can employ it more Some 
various descriptions of money (the representatives of capital) 
which facilitate and cheapen the exchange of labour and its products 
between man and man. The higher the general rate of profits ina 
country may be, the more rapidly is capital likely to be accumulated ; 
because the majority of men are usually desirous of accumulating, and 
the means of doing so are evidently increased by high profits, If a 
cent. upon a man’s capital engaged in business enabled 
comfort, and to continue his business without any 
diminution of his capital; a profit of ten per cent. would enable him, 
at the same time, to add to it five per cent. annually, to be employed in 
further production and accumulation. It is clear that there can be no 
increase of capital in any country in which the rate of profits does not 
leave a surplus beyond the ppeemng? apcses of living. In sucha case 
capital would be stati , while the population to be supported by it 
would be on the increase. 

The advantages of division of labour have been already noticed. 
The properties of commerce are of a similar character. By 
distinct em labour is made more productive; by commerce, 
iar arts of different countries are 


the 
with mutual benefit and economy of labour to all. In 
ides delicious 


ufactured more cheaply than in any country in the world. If France 
and Spain would buy them, they would save annually whatever excess 


of price they pay for similar goods made by themselves; while the 
capital and labour now applied to such manufactures could be added 
to their means of production. To understand the effects of free com- 
mercial intercourse, it is only necessary to keep in view its analogy to 
the common dealings of life. No man thinks of making anything 
himself if he can buy it for less than it would cost him to make it. He 
continues working at his own employment, and buys the article he 
wants. If he did otherwise, he would lose his own profitable time and 


tary | labour, and the article made by himself would take still more out of 


his pocket than if he had bought it; while its quality would most 
probably be inferior, by reason of his own want of skill and practice in 
that particular work. The same principle applies to.nations. Com- 
merce extends to all countries the happy results of division of labour, 
instead of confining them to particular communities. 

The last circumstance directly favourable to the increase of wealth, 
which need be noticed, is a cheap and expeditious communication, both 
in the interior of a country and with all parts of the world, for the 
transit of merchandise and for the carriage of Every 
deduction from the cost of an article is an addition to the national 
wealth, and the expense of transit forms no inconsiderable part of the 
ultimate charge upon the consumer. A saving of time also is an addi- 
tion to the labour and productive energies of a country. The extra- 
ordinary resources added to labour by facilities of travelling by the 
railways in Great Britain is felt by every one. The importance of 
cheap and rapid modes of commercial intercourse, in other points of 
view, need not be pointed out. 

In conclusion, the advancement of general knowledge and intelli- 
gence must be noticed as an agent in the production of wealth. It is 
the mind and the disciplined will of man which render all the circum- 
stances of the world available for his benefit ; and in viewing education 
chiefly as a social blessing, we should never forget to urge its merits as 
a producer of wealth, upon those who would regard its other recom- 
mendations with less fayour. 

WEANING, the act of separating a child from the of its 
mother’s milk as food. A few hours after the birth of a child, the 
breast of the mother secretes milk for its nourishment. The milk 
that is secreted at first differs in some of its properties from the milk 
subsequently secreted, and has been called colostrum. Healthy milk 
under the microscope is found to contain globules of various sizes, 
which are perfectly spherical in form, swimming in a fluid in which 
are suspended no other particles; whilst the globules of colostrum are 
irregular and disproportioned, some of them being very large and 
others very small. There are also in colostrum particles of a yellowish 
colour, which are very minute, and which consist of fatty matter and 
a peculiar mucus. The milk retains these characters for several days, 
and it has been supposed at this period to possess a purgative pro- 
perty, which excites the intestines of the young infant to throw off 
the accumulated meconium. When the mother is healthy, the secre- 
tion of milk goes on abundantly till the ninth or tenth month, at 
which time the infantis generally able to take some other kind of food, 
and the process of weaning may commence at this period. It how- 
ever often happens, from ill health or other causes, that the mother is 
not able from the first to suckle her child. In this case the child must 
be either transferred to another nurse or fed artificially. The former, 
where possible, should always be preferred. In the choice of a nurse 
care should be taken that the infant is transferred to one whose age, 
size, and temperament resemble its own mother. There should also 
be an absence of actual disease or a tendency to hereditary disease, and 
of all habits likely to interfere with a due secretion of healthy milk. 
Where children are artificially fed or reared from birth by the hand, 
the greatest care and attention are required. The first requisite is 
that the child should have a food as nearly resembling its natural food 
as possible. For this purpose the milk of various animals has been 
employed. That of the cow, as being most easily obtained, is most 
frequently used; but it would appear that the milk of the ass most 
nearly resembles human milk, and on that account, where it can be 
obtained, is to be preferred. The following is the latest analysis by 
Dr. Playfair, of the milk of woman, the cow, and the ass, and may 
serve as a guide in the preparation of the food of children :— 


Cadel a7 it gt ee 18 40 1-9 
Batteestr es Se Sr 44 46 13 
Sugar . ° . Py Rae oy! 38 63 
Ashes), > En | See we 05 06 ae 
Water <j tet) icy. 0 0) 889 89-0 90°5 


The milk of the cow contains a much larger quantity of the casein, 
or nitrogenised principle, than that of woman or the ass, and requires 
dilution previous to its being administered to new-born children. At 
first two-thirds pure fresh water and one of cows’ milk, with a small 
quantity of sugar, may be employed. As the child grows older, the 

uantity of water should be gradually decreased till it takes milk alone. 
This food should be administered to the child at a temperature of 
about 98°, the heat at which the milk is supplied from the mother. 
When children are thus fed, spoon should not be used, but some 


be | means should be had recourse to for administering the milk slowly, as 


the sucking-bottle, artificial nipple, &c. In feeding a child artificially, 
as in suckling, the first sign of indifference may be regarded as a sign 


_ 
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that the child has had enough. On no account should children be fed 
again immediately after vomiting, a practice that is often extremely 
injurious. 
ha a child increases in size and strength, it requires other food in 
addition to milk, and at last ceases to require supplies from its mother. 
Although this is a perfectly natural process, it often, from want of 
skill, or rather want of knowledge of natural laws, a source of painful 
disease to the mother, and sometimes even loss of life to the child. 
As a general rule, it may be stated that a child should never be 
suddenly weaned, and that the more ape the separation between | 
mother and child the better will it be for. both. The time for weaning | 
must depend in some measure both on the development and health of 
the child and the state and health of the mother. With to the | 
child, one of the first indications that weaning may be commenced is 
the a of teeth. This is indicative of ion for other 
kind of food, and generally ooctirs in healthy children about the sixth | 
or seventh month ; and it is at this period that a gradual abstraction 
of the breast may commence, If this be done, it is seldom that a 
child will require suckling beyond the first year; although, where no 
ill consequences result to the mother, there is no objection to the child | 
continuing at the breast till it is eighteen moriths or two years old. 
Where children are backward in the development of their teeth, and 
mt other signs of want of strength and delicacy of constitution, it 
Bs trequeattly advisable that they should remain a lengthened period at 
the breast. It is always necessary to take into consideration the health 
of the mother during suckling, as children may stiffer much more 
severely from an imperfectly secreted or diseased state of the milk than 
they would from immediate weaning, and under these circumstances 
of course the least evil is to be preferred. 
| In order that the weaning should be gtadual, the child should be 
induced at the fifth or sixth month to take some light food once or 
twice a day, and its supply from the breast should be proportionatel 
diminish If such a plan is pursued, the quantity of food adminis- 
tered by hand being increased whilst the supply from the nurse is 
decreased, it will be generally found that hitthe difficulty will be 
experienced in entirely weaning the child at ten or twelve monthe old. 
4 child has been weaned its food ought oper ta to consist of 
liquid or semifluid substances. Asses’ and cows’ mi ahas, or boiled 
with bread, thickened with barley or baked flour, may be given for the 
first few months. To these may be added, for the bake of variety, rice, 
tapioca, sago, and atrow-root, which may be made up with milk or 
water, or both; and when water alone is used, sugar should be added. 
Where children cannot take milk, light broths should be administered. 
As solid food for the first year after ing, there is nothing better than 
bread and butter: but in all cases in the diet of children a due regard 
should be had to the relation between azotised and non-azotised 
aliments. If the former are given in too great quantity, congestion 
and inflammation are frequently the result; whilst if the latter prevail 
in the diet, the child gets fat and loses strength, and becomes subject 
to diseases of debility, Neither the one kind nor the other should be 
withheld, and it is only by their judicious combination that the fatal 
effects of im diet can be avoided. 
(Gardien, Dictionnaire des Sciences Médicales; Combe, On the 
Management of Infancy ; Maunsell and Evanson, On the Diseases of 
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PN pla 4 4 term gee eying ~ state of the — and of 
¢ atmosphere respect eat or coldness, dryness or humidi 
wind, rain, &c. § : = 

In some countries the variations of the atmospherical phenomena 
occur in an order which is nearly constant; and in those regions, pre- 
’ dictions concerning the weather for several days, and even for months 
to come, may be made with almost a certainty that they will be 
verified by the event. On the opposite sides of the chain of the 
Ghauts, which extends along the western peninsula of India nearly 
from north to south, the phenomena during each half of the year are 
constantly and exactly reversed: thus, along the Malabar coast there is 
a clear on f from September to the following April, and on the coast of 
Coromandel the fair season continues from April to September; while 
during each following six months, in the two regions, it rains almost 
incessantly, Alternations of fair weather and rain also take place 
regularly in the interior of Africa; and, according to Humboldt, it 
rains constantly during five or six months in every year from the coast 
of Guiana to the Andes, But in insular situations generally, and in 
Europe and North America particularly, the winds, varying in direction 
and intensity according to no constant known law applicable to the 
purpose, mingle together at intervals of time apparently irregular, the 
masses of air which abound with vapour raised from the ocean, and 
thus cause clouds to cover the horizon, and showers of tain, hail, or 
snow to descend. The wind which is most prevalent at any one place 


generally when it to blow affords an indication of the kind of 
weather which ma expected ; but, frequently, no circumstance 
oecurs by which a ge from a clear to a cloudy sky, or the contrary, 
tan be icted even a few hours before its occurrence. 


The periodical changes of the moon's phases often coinciding with 


| the weather is stated in connection with the hour of 


| possess most the confidence of persons to whom an pation of rain — 
or fair weather is of importance, is one which Dr. Samuel Clarke pro a 
series of observations. It is su ; 


on the former (Rats, col. 929]; an opinion ap; 
the known fact that the tides of the ovean and atm 


in changing the state of the atmosphere are of short duration, and take — 
place gradually according to constant laws: they are co a 
uite incompetent to the production of those sudden and | 
pen to which the atmosphere is subject. There are not, however, — 
wanting men who have formed tables in which the state 


at which the new and full moons take 


fessed to have formed from alo’ 
here to mention that in this table rain is predicted when the new or 
full moon takes place between noon and 2 P.m., or between 4 and6a.m.; 
and fair weather is announced when either takes place between 4 
6p.m., or between 10P.4. and 24.m. An opinion has that: 
Seasons of a like character return in like order after each revolution of - 
the moon's nodes; that is, at the end of every 18 or 19 years, at which 
times the earth and moon are nearly in like situations with respect to 
the nodes; but though seasons ge ro by more or less than the — 
usual quantities of rain have been o ; 
tervals, there appears to be no ground for connectin | that 
astronomical period. The existence of a “ Cycle of teen Years in 
the Seasons of Britain,” has been maintained by Mr. Luke rap - 
his work having that title; but the validity of the evidence uced 
has been subsequently denied by the Rev. L. Jenyns, in a volume on 
Meteorology. i 


making rays than when moist; and as dry trans. — 
parent, those rays are reflected in the horizon. It is that 
coppery or yellow sunset foretells rain; but that, as an indication ss j 
approaching wet weather, nothing is more certain than a halo 

e moon, since it is produced by precipitated water: the 
circle is, the nearer are the clouds; consequently the more 
descend in rain. 

In explaining why a rainbow in the morning betokens rain, a 
in the evening fair weather, it is stated that the bow can be seen © 
when the clouds depositing the rain are opposite to the sun; thus in ‘ 
morning the bow is in the west, and in the evening in the east: and as 
the rains in this country are usually brought by westerly winds, a bow 
in the west indicates that the rain is coming towards the spectator; 
gayle loclk mcr Ee, oscar that the rain is passing away from 


The indications of fine weather from swallows Fite £. 
lained by stating that the insects on which these bi 
It in a warm stratum of air; but warm air, being 
which is moist, occupies a higher part of the atmosphere, and, 


into it,a deposition of water takes place. The opinion that sea-birds — 


erroneous; and the cause assigned is that, as pc gis 


Barometer; and for those which 
storms, see that subject in the article 
The observations of Principal Forbes 
Opatescent) have shown that the red co 
to a different cause from that to which it is ascribed by Davy, in the 
citations above. But the red evening and gray morning have been 
regarded as the surest and most consistent signs of fine weather. They 
would naturally be observed from the earliest periods, and gion 4 
they appear to be the most ancient of prognostics, having been 
in the verses of the Greek poet Aratus, who was contemporary with 
Euclid; in the New Testament (Matt. xvi. 2, 3); and in one of our 
most familiar proverbs, The purple tinge alluded to, accord 7 
Principal Forbes, probably arises from a mixture of the reflected blue 
of the pure sky, which is always present when purple is seen, with the 
yellow-orange of the opalescent vapour. oo a 
“The modified hues of the sky, and of the sun and moon near the 


dyreete cyclones, or volving — 


stated in the article Varour, 
oe of the clouds is referrible 


7. 


ges in the phenomena of the atmosphere, it was very natural that 
the latter should, by many persons, be thought to have some dependence 


horizon, have, for so many ages and in so many countries, been regarded 


es ee 
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of atmospheric changes, that we cannot doubt hisrudeloom. Inaspecimen of mummy-cloth, examined by Mr. Thomp- 
of conditions in which vapour exists in the air, | son of Clitheroe, the texture was close and firm, yet elastic; the yarn 
condensed, that these phenomena are due. _Hum- | of both warp and weft was remarkably even and well spun; the weft 


length visible fogs are formed in the bottom of the valleys, and - | loom appears to be horizontal, while in another it is vertical, with the 
cially over water. (For the reason why over water, see Davy [Misr}). i i i 

This is the surest sign of a following fine day in mountainous regions. | of shuttles, it would appear that they were generally about half a yard 
«... The inflamed appearance of the morning sky, considered indi- | in ngth, 


humidity being present louds are actually being formed by con- | towns of Greece; but every considerable private establishment 
densation in the upper regi , contrary to the direct tendency of the | tat ae a loom at which the females of the family were employed; 


Tising to dissipate them, which must therefore be considered as | the weaving being carried on chiefly by female slaves, while the super. 
indicating a speedy precipitation of rain.” (‘ Phil. Mag.,’ series 2, | intemlonen rested ith th = 
34-37. 


Principal Forbes expresses a strong doubt as to the formation of | Plato mentions one of the most important differences between the 
“vesicular” vapour in the process of the condensation of atmo- warp and the weft, namely, that the threads of the former are strong 
vapour; on which it may be remarked that the existence of | and firm in consequence of being more twisted in spinning; whilst 

is, in fact, of vesicles of water produced by the con- | those of the latter are comparatively soft and yielding; a comparison 

vapour) under any circumstances is altogether hypo- | which is strictly applicable at the present day. The Greeks evidently 
thetical, as noticed in considering the nature of the spray of Warer- | understood much of what is now termed “mounting a loom,” that is, 
FALLS. According to observation, when vapours become liquids, minute arranging strings in such a manner as to separate the warp-thread into 
globules geometrically solid are formed: the globules of dew are such. | two or more groups, between which the weft may be introduced : the 
Principal Forbes, also, as we have seen, is of opinion that the | leash (uiros) being one such string, and a woven pattern being termed 
it vapour occurs “ perhaps conversely during evaporation,” as | d{ucros (from which the word dimity appears to be derived), rplucros, 

well as condensation. This we are able to confirm from our own | or ToAurTOs, according as it contained two, three, or more groups 
ions, made long before he had enabled us to understand them. | of strings, or, as we should now sa: y, leaves of heddles. After the. 

It may be proved by a ready experiment. If a plate or a saucer be weft was thrown, it was driven up close, either by a kind of bat, 
lunged into nearly boiling water and withdrawn, it will be covered | called a spatha, or by a kind of comb 3 both of which appear to be 
with a film of water, which the heat acquired by the porcelain will | combined in the batten, or lay, of the modern loom. The checks pro- 


nature the same phenomenon must of course take place: it may | was a female emplo ment, and, as with them, it was carried on in most 
readily be observed on Derwentwater, looking northward, on a summer | towns and in many large private establishments, Weaving, as practised 


the evaporating water below constantly supplying opalescent vapour, the | weaver takes his station under the trees, where he stretches his warp- 
appearance is persistent so long as the sun is acting and the atmospheric | thread between two bamboo rollers, which are fastened to the turf by 
are unaltered, notwithstanding the perpetual resolution | wooden pins. He digs a hole in the earth large enough to contain his 
of the into invisible vapour above. This connects the sub- | legs when in a sit: ing posture; and then, suspending to a branch of a 
i the colours of the and the prognostics of the weather | tree the cords which are intended to cause the raising and depressing 
ivable from them. A part of this subject, also, is considered in the | of the warp-threads, he fixes underneath two loops for his toes, by 
article just referred to. In the article on OPratescent Vapour itself | which he produces a substitute for treadles. His shuttle acts also as 
we have expressed our dissent from Principal Forbes as to the process | a batten, or lay, and completes his simple arrangements, 
by which the colours of the morning sky are produced, deeming it to We shall now proceed to describe the weaving processes, classifying 
be merely the reverse of that occurring in the evening. We think it | them under the names of Plain iny, Pattern ing, Double- 
might be shown “ that the slowly Jeet. transition of vast masses weaving, Cross-weaving, Chain ing, Pile i 
of air through the temperature of the dew-point ” must occur at sunrise | —giving cross references to former articles, in which some of these 
as well as at sunset; of this, the “beautiful rosy tint, shooting far up subjects have been treated, 
into the heavens,” described as preceding the dawn, when observed Plain-weaving. —By this term we mean the Weaving of all varieties 
from Mont Blane, is one of many examples that might be mentioned of textile manufacture, in which the weft-threads interlace uniformly 
in evidence, according entirely with the facts already noticed, which among the warp-threads without producing twills, checks, stripes, 
the di ished physicist whose views we have been considering first sprigs, or any variety of figures. Calico, Irish linen, and plain silk are * 
in their due importance. (Crimarn ; MerTEoroLoay, | good representatives of this kind of weaving. If we examine any of 


RC a tage 


lied to the process of combining longitudinal threads into a super- | under the long threads, no one thread passing over or under two other 

fabric, it will have relation to the whole series of textile manu: | threads at once, In the language of weavers, the long threads are 

5 not only those which are prepared in the loom, but likewise called warp, twist, caine, or organzine ; while the cross threads are 

net-work, lace-work, and hosiery. We shall endeavour therefore in the | called weft, woof, shoot, or tram. Twist is the general term applied to 

article to complete the details of manufacturing many textile | the kind be used for cotton warp : organzine to that for silk warp ; 

which have been — described in former articles, and some of the other terms have in like manner only partial applica- 

History of Weaving.—From many passages in the Bible, and from | tion: if therefore we speak simply of warp and we, » We shall avoid 

the general of dress, it is ea abn that woven fabrics were ambiguity, and be sufficiently correct for the object in view. The 

known in very early times, In all probability weaving was practised | Warp is always affixed to the loom or weaving-machine; while the weft 
before ing; that is, the combination of reeds, strips of leather, or | is contained in the shuttle, a small boat-like instrument, 


remote era, were celebrated for their manufacture of linen and other | must be so unwound and laid out as to form 1000 lengths, constituting 
cloths ; and the produce of their looms was exported to, and eagerly | when laid parallel the warp of the intended cloth. The ancient method 
» foreign nations. The fine linen and embroidered work, | was to draw out the warp from the bobbins at full length in an open 
the yarn woollen stuffs, of the upper and lower country, are fre- | field; and this is still practised in India and China; but the climate of 
quently mentioned, and were hi 'y esteemed.” The same authority | Europe is too uncertain for such a method, and hence the warping- 
states that the looms, found de on the tombs at Thebes, are of Srame was devised. This is a large Wooden frame fixed up verti 
an exceedingly rude construction; but he does not think that this | against a wall, the upright sides being pierced with holes to receive 
militates against the en of fine fabrics, since it is | wooden pins, which project sufficiently to receive the clue or group of 
known at the present day that the Hindu produces exquisite muslinson | yarns, The warper, having placed the bobbins of yarn in an adjacent 
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frame, ties the ends of all the threads together, and attaches them to 
one of the pins; then gathe: all the threads in his hand into one 
clue, and permitting them to slip through the fingers, he walks to the 
other end of the frame, where he the yarns over the fixed pin. He | 
walks from end to end of the frame, attaching the clue of yarns to the pins | 
each time, until be has unwound from the bobbins enough yarn to form | 
the warp. But this method, although still followed in some places, has 
yielded to the use of the warping-mill,a much more convenient piece 

of apparatus, The bobbins are placed in a frame & (fg.1). The 


Fig. 1, 


| 


| 
} 


| 
| 
} 


| 


| 


*warper, sitting at a, rotates the vertical reel or cylinder B, by means | 
lof the wheel c and the rope p, The yarns from all the bobbins, | 
‘collected together in a group at F, there pass through a sliding piece, | 
which through the intervention of the cord ¢ and the revolving shaft 
H, rises and falls. By this arrangement it is easy to see that when the | 
handle is turned by the warper, the clue becomes wound spirally on 
the reel. The diameter of the reel is so regulated, that when the | 
spiral equals the intended length of the warp, the clue of yarns is | 
twisted round pins at 11, and then by a reverse motion of the handle 
is wound spirally down again; and so on up and down alternately 
until the grouped clues of yarns constitute a sufficient number for the | 
width of the warp. Certain minor adjustments are at the same time 
made, to facilitate the subsequent operations of the weaver. The 
more modern warping-machines we shall have to mention when we 
come to power-weaving. 

When the warp is completed on the warping-mill, the warper takes 
it off and winds it on a stick into a ball, preparatory to the process of 
beaming, or winding it on the beam of the loom. The threads, in this 
latter process, are wound as evenly as possible on the beam; a sepa- 
rator, ravel, or comb being used to lay them parallel, and to spread 
them out to about the intended width of the cloth. Arrangements 
are then made for drawing, or attaching the warp-threads individually 


Fig, 2. 


to certain mechanism of the loom, This we may illustrate by jig. 2, 
representing the common loom in ite simplest state. The yarn-beam 
\ 


is at a, capable of revolving on its axis, and of allowing its threads to 
be drawn out in a horizontal layer B. At o are two leaves of heddles 
or healds, each leaf consisting of a number of strings ranged vertically 
attached at bottom to two treadles HH, and at top to a cross-bar F, 
At about the middle of every heddle or string is a loop or eye, thro 
which the warp-yarns are drawn, one through each eye; and 
passing of the yarns through these loops constitutes the process of 
drawing. Half of the warp-yarns, that is, every alternate yarn, pass 
through the loops in one leaf of heddles, and the other half through 
the other leaf; and as the two leaves are so connected oe 
that one rises when the other sinks, the warp becomes divided in 
two portions, one above the other, near the anterior end of the loom, 
The weaver sits at G, drives the shuttle by means of the handle 1, and 


| drives up every successive weft-thread by the batten, lay, or lathe 


suspended from ¥. However complicated the loom, the principle 
action is nearly as here described. 

There are three movements attending every thread of weft which 
the weaver throws across the warp. In the first place he presses down 
one of the two treadles, by which one of the two halves of the is 
depressed, thereby forming a kind of opening called the shed. Into 
this shed, at the second movement, he throws the shuttle con 
the weft-thread, with sufficient force to drive it across the whole web. 
Then, at the third movement, he grasps the batten, which is a kind of 
frame carrying at its lower edge a comb-like piece having as many 
teeth as there are threads in the warp ; and with this he drives up the 
thread of weft close to those previously thrown. One thread of weft 


| is thus completed, and the weaver proceeds to throw another in a 


similar way, but jn a reverse order, that is, by depressing the left 
treadle instead of the right, and by throwing the shuttle from left to 
right, instead of from right to left, In the commonest mode of weav- 
ing the shuttle is thrown by both hands alternately; but about a 
century ago John Kay invented the jly-shuttle, in which a string and 


| handle are so placed that the weaver can work the shuttle both ways 


with one hand. The fly-shuttle is illustrated in Cuzcx; while jig. 3 


Fig. 3. 


will show more clearly the mode in which the weft is wound round 
the spindle or pirn of the shuttle, and the arrangement for driving the 
shuttle into the-open shed of the web. The spindle of the shuttle con- 
tains enough weft for several shoots or throws ; the weft pring: Lo 
the shuttle travels sens. and ae the selvage of the cloth wi 
the shuttle returns in the opposite direction. 

In cotton and some other fabrics, the warp-yarns must be dressed a8 
the weaver proceeds, that is, ey! over with price | of —e 
mucilage, such as paste or size, for the purpose of giving them tenaci 
of diminishing friction by smoothing down the little hairy filaments of 
the yarn, and of imparting a smoothness or gloss. Tn hand-wea' 
the weaver suspends his operations from time to time, in order to apply 
dressing to his warp, He first applies a kind of comb to the warp, to 
clear away knots and burrs ; then lays on the paste with a brush ; and 
lastly dries the paste by a current of air excited by a large fan. The 
more modern and complete dressing-machine we shall have to notice in 
connection with power-weaving. 4 

In weaving plain silks, pin and other webs of moderate width, 
there are two leaves of heddles and two treadles, for dividing the warp 
into two parcels, In weaving broader webs, such as floor-cloth canvas, 
the heddles and treadles are equally simple, but more power and dex- 
terity are necessary in throwing the shuttle, since the width of the web 
is sometimes as much as eight yards. In weaving very narrow webs 
such as ribbons, galloons, &e,, there would be a waste of power and 0 
time if only one shuttle were thrown across a distance of two or three 
inches at each movement; and there has consequently been devised a 
kind of loom called the engine-loom, in which several shuttles work 
several webs at one time in each machine; this has been explained in 
Rippon. Various details concerning plain woven goods wi be found 
under Corton ; Linen; Musuin ; Sink; WooLLEn, 

Pattern-weaving.—The number of woven webs which can come under 
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the designation of plain-weaving is much smaller than that of those 
now to be considered. Wiealver the warp and weft are of the same 
colour, and intersect each other in regular order, so as to produce a 
‘uniform surface totally divested of pattern, we may deem that plain- 
weaving ; but every day's experience shows that pattern, of some kind 
or other, is,a more prevailing characteristic of woven fabrics. 

In the first place we may take the case in which all the threads of the 
warp are of one colour, and all those of the weft another colour : this pro- 
duces the peculiar effect called shot patterns, but involves no new arrange- 
ments as to weaving. Next come the two varieties known respectively 
as stripes and checks. A stripe is a pattern in which el lines run 
either al or across the warp; while a check is an alternation of 
rectangles like a chess-board, or, more properly, like the varieties of 
Scotch plaid. The production of a stripe depends either upon the 

or the weaver ; the production of a check depends upon both. 
lf the stripes are of different colours, and extend lengthwise of the 
cloth, then the warper so disposes the threads of his warp that the two 
colours shall succeed each other at regular intervals; but if the stripes 
are of the same colour, but of different quality as to fineness, then the 
warper uses two qualities of warp in alternate succession. If the 

extend across the cloth, the warper arranges his threads as for 
plain-weaving ; but the weaver uses two or more shuttles, carrying 
two or more coloured wefts, and throws the shuttles at regular intervals 
in succession. If a check is to be produced, the first produces 
his alternation of colours in the warp, and the weaver then throws in 
wefts of different colours by using two or more shuttles, so that the 
interlacing of the long stripes with the cross-stripes produces the check, 
the pattern of which depends on the comparative width of the various 
stripes, The manner of using the combined shuttles is described under 
Cueox. 


The next to be noticed is the production of the twill, a very exten- 
sively adepted variety of woven work, since it comprises satin, bomba- 
zeen, kerseymere, and numerous other kinds. In the twill, the weft- 
threads do not pass over and under the warp-threads in regular suc- 
cession, but pass over one and under two, over one and under three, or 
over one and under four, six, &c., according to the kind of twill. The 
effect of this is to produce a kind of diagonal ribbed appearance,on one 
i cloth, and a smooth and glossy appearance on the other, 
a the one thread is above or below by the weft. 
Pig. 4 assist our comprehension of this point. If we suppose the 


Fig. 4. 
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round dots to be sections of “saccemive warp-threads, and the white 


e 


: 
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Now in order to Teenie walt to under four or more threads 
at once, some mechanism must be devised for elevating all those four at 
one movement, or keeping them stationary while every fourth thread 
is pt arg lf the weft always passed under the same four threads, 
no cloth would be produced, for no reticulation would be made; but 
the groups of four under by one weft-shoot are not the same as 
those crossed at the next following shoot. Hence more than two leaves 
of heddles are required, and more than two treadles to work them. 
There must, in such a case as we have above supposed, be five leaves 
of heddles, to each of which every fifth warp-thread is attached ; and 

of these leaves a treadle is appropriated; so that when one 
is pressed down, one-fifth of the warp-threads becomes drawn 
t of the horizontal plane ; when another treadle is depressed, another 
is affected; and so on. The weaver, by the management of his 
has the power of raising or depressing four-fifths of his warp- 
in groups of four each, leaving every fifth thread stationary ; 
in this state of things he throws his shuttle. By various combina- 
among his five treadles, he can produce many varieties of move- 
which give rise to different kinds of twill. 
, instead of, or in addition to, a twill, the weaver has to pro- 
duce sprigs, flowers, spots, kind of figure, a great increase of 
occurs. The weft may pass over four and under one at 
one part of the width of the cloth ; over two and under two at another ; 
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or elevated varies continually, and the number of leaves of heddles 
would become so numerous that the loom could not hold them, nor 
could the feet of the weaver miove the requisite treadles. This diffi- 
culty gave rise to the invention of the draw-loom, in which strings are 
80 arranged that a boy can draw down the requisite warp-threads 
preparatory to the movement of the shuttle. The warp-threads 

through eyes or loops in vertical strings, each thread having one string ; 

ABTS AND SCI. DIV, VOL, VILL, 


and these strings are so grouped that the attendant boy, by pulling a 
handle, draws up all those warp-threads which are necessarily elevated 
for one particular shoot of weft; and when a different order of suc- 
cession is required, he pulls another handle. Hence it follows that the 
arrangement of the strings and handles must be preconcerted with 
especial reference to one particular pattern ; and this is called cording the 
loom. The cording would sometimes take one man three or four months, 
and would then only serve for one particular pattern. Early in the pre- 
sent century two inventions were made with the view of rendering the 
draw-loom more automatic. One of these, called the draw-boy, not 
only superseded the necessity of employing a boy to pull the handles, 
but removed, by the unerring certainty of its operation, all possible 
chance of mistake in pulling the wrong handle. This was a very inge- 
nious arrangement of mechanism by which a treadle, worked by the 
foot of the weaver, gave a vibratory motion to a curved lever which 
drew down some of the warp-threads and elevated others; and the 
skill consisted in so causing the lever to travel along a rack or toothed 
bar as to act upon different warp-threads in succession. The draw-boy 
has been very much employed; while another invention, equally inge- 
nious perhaps, has, from various causes, failed to come into use. This 
latter was the automatic carpet-loom of Mr. Duncan. Here the warp- 
threads, instead of being elevated and depressed by the handles as in a 
draw-loom, or by the reciprocating lever as in the draw-boy, were 
moved by pins inserted in a rotating barrel, the pins being placed in 
an order of succession according to the pattern to be produced, just as 
those on the barrel of a street-organ or a musical-box are disposed 
according to the tune to be played. But the draw-loom, the draw-boy, 
and the barrel-loom have ‘been alike eclipsed by the exquisite apparatus 
of M. Jacquard, which is very properly named after the inventor. 
[Jacquarp APPARATUS. ] 

Double Weaving.—In all the fabrics hitherto noticed, there is but 
one layer of threads, formed by the intersection of the weft among the 
warp, both weft and warp being individually single. But there has 
long been practised the weaving of a kind of double cloth, composed 
of two webs, each consisting of separate warp and weft, but both sets 
interwoven at intervals, The junction of the two webs is formed b 
passing each of them occasionally through the other, so that e: 
particular part of both is sometimes above and sometimes below. 
Kidderminster or Scotch carpeting is one of the few kinds of double- 
fabric now woven in this country; and it will therefore be sufficient 
for us to refer for details to the article Carper ManuractTure. 

Cross Weaving. This term may conveniently be applied to those 
varieties of woven fabric in which the warp-threads, instead of lying 
constantly parallel, as in all the cases hitherto noticed, cross over or 
twist around one another, thus forming a plexus or interlacing inde- 
pendent of that produced by the weft. Gauze and bobbin net are 
perhaps the most remarkable examples of this kind of fabric. [Gauzu; 
Lace MANuFACTURE. } 

Chain Weaving.—This is a term usefully applied to a mode of 
using threads in which a series of loops is formed by a continuous 
thread, each loop or link being so connected with others as to forma 
kind of chain; and this chain work may either be worked upon a 
ground woven at the loom, or may constitute the woven material itself. 
Sampler work, Berlin work, sewed muslin work, tambouring, embroidery, 
tapestry, pillow lace, and hosiery, are all examples, more or less varied, 
of this chain-weaving. [Empromrery; Hostmry Manvraorurr; 
Lace Manvracture; Targstry.] 

Pile Weaving.—lf we examine a piece of silk velvet, or any kind of 
fustian, such as velveteen, moleskin, or doeskin, or a Turkey or Wilton 
carpet, we shall find that in any or all of these fabrics the warp and weft 
threads are almost concealed by a kind of down, nap, or pile, which 
imparts a peculiarly soft and smooth texture to them, It may seem 
strange to class together such very different materials as silk velvet, 
fustian, and Turkey carpeting ; but the classification is strictly correct, 
because all of them owe their characteristic beauty to the downy sur- 
face which they present. Fustians are in fact a kind of cotton velvet, 
as Turkey carpeting is a woollen velyet. The weaving of these pile- 
fabrics, so far as regards the decussation of the warp’and weft threads 
by means of the shuttle, resembles that of plain fabrics, or of pattern- 
fabrics, according to the nature of the design. But there is, besides 
the warp and weft properly so called, another kind of warp, whose 
threads are left standing in loops above the general surface till cut, and 
the cutting of which constitutes the pile. In some kinds of fustians 
the pile is cut so as to give a smooth velvet surface; while in other 
kinds it is cut into parallel cords, forming corduroy and such like 
fabrics. The cutting used formerly to be done by peculiarly shaped 
knives held in the hand; but some very ingenious machines have been 
contrived for effecting it more quickly and correctly. For the applica- 
tion of this peculiar manufacture to different fabrics, see CARPET; 
Fustian; VELVEr. 

Power-Weaving.—In all the kinds of weaving hitherto noticed, 
whether of plain goods, figured goods, double cloth, bobbin-net, stock- 
ings, or velvet fabrics, we have uniformly spoken of the weaving- 
machine as being worked by hand, or ihe by hand and foot, for 
the treadle is an almost invariable component of such a machine, We 
have however now briefly to notice the important steps by which the 
steam-engine has been brought to bear on this department of industry, 

In the ‘ Philosophical Transactions’ for 1678, a loom, —— by 
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M. de Gennes, is described as “ a new engine to make linen cloth with- 
out the aid of an artificer,” by applying water-power as the moving 
force. The advan are thus enumerated : “1, That one mill alone 
will set ten or twelve of these looms at work; 2, the cloth may be 
made of what breadth you please, or at least much broader than any 
which has been hitherto made; 3, there will be fewer knots in the 
cloth, since the threads will not break so fast as in other looms, because 
the shuttle that breaks the r part can never touch them. In 
short, the work will be carried on quicker and at less expense, since, 
instead of several workmen, which are required in making up of very 
large cloths, one boy will serve to tie the threads of several looms as 
fast as they break, and to order the quills in the shuttle.” This de- 
— remarkably well expresses the excellences of the power-loom 
of the present day; but we have no evidence that De Gennes’ machine 
ever came into use. At various times during the last century M. 
Dolignon, M. Vaucanson, Mr. Austin, and Mr. ler contrived looms 
which were to be worked by a winch, by water-power, or by some con- 
trivance more expeditious than the common hand-weaving. The first 
power-loom for weaving cotton fabrics was put up i Mr. Austin in 
the yor! of Mr. Monteith, near Glasgow, in 1798; but before that | 
time another machine had been invented, whose history is curious and 
interesting, 

The Rev. Dr. Cartwright, brother of the late Major Cartwright, 
happened, in 1784, to be in conversation with some gentlemen, con- 
cerning Arkwright’s spinning machinery. It was observed that, so 
soon as Arkwright’s patent expired, so many mills would be erected, 
and so much cotton spun, that hands would not be found to weave it. 
Cartwright remarked that Arkwright must, in that case, invent weaving 

; and the idea, thus suggested by himself, seems to have 
taken hold of his mind ; for he soon afterwards endeavoured to form a 
machine which should imitate the three movements in weaving. He 
succeeded so far as to produce a machine, which he patented in 1785; 
and another, for which a patent was obtained in 1787. He tried to 
establish a power-loom weaving factory at Doncaster, but failed : 
Messrs. Grimshaw also endeavoured to set Cartwright’s machines at 
work at Manchester, but similarly failed from various causes; and, 
after many years of labour, many patents, and an expenditure of 
40,0001., Dr. ht was compelled, in 1808, to ask for a grant 
from Parliament as a return for his losses and exertions. Parliament 
awarded him 10,0002. One cause which thus delayed the adoption of 
power-looms was the necessity for stopping the machine frequently, in 
order to dress the warp as it niedladt From the beam, which operation 
required a man to be employed for each loom, so that there was no 


saving of Hy hee In the year 1802, Mr. Radcliffe, a cotton manu- 
facturer of 


tockport, aided by a workman, Thomas Johnson, made 
Fig. 5, 


beam A, and bending round the roller B, passes th the two leaves 
of heddles o c, by which the shed is formed for receiving the shuttle at 
D; and after the action of the batten (not here shown) the finished 
or a 

, ing, dressing, &., which the woven receive, 
whether woven by the power-loom or the hand-loom, depend, of course, 
on the nature of the fabric. One of the most important of these pro- 
ceases, «Bevery the plain goods become diversified with ornament, 
is described under Catico Puuvrine, 

Weaving, like all other parts of textile manufacture, has been 
marked gt lenge “rapa of many new forms of apparatus within 
the last years. We will briefly mention the names of a few, as 
samples of the whole. Messrs, Tatton and Hodgkinson have a new 
small-ware loom, for weaving all kinds of narrow work, such as ribbons, 

bed-lace, carpet-binding, tapes, &c, Mr. Somerville 


ae chinte-lace, 
introduced a new form of steam-power loom for twill, diaper, and 


pPerall 


many 
length uced the admirable dressi 
by which the warp is dressed before it —— 
sequent period Mr, Horrocks and Mr. d, both of Stockport, 
made other improvements, which brought the steam-engine fai: > 
use for weaving operations, and thus looms became 
Still more recently, Mr. Roberts, of the firm of Sharp and Roberts, at 
Manchester, brought the power-loom to a state of high perfection; 
and eve more and more to the number of such looms 
employed in manufacturing districts. 

application of the power-loom renders necessary the 
ment of other machines likewise, to effect those preparatory 


which, in hand-loom weaving, are by Say hale ae It 
we take a piece of calico as the tative of plain fal Lrwrece/ 
be ae of proceeding in power-loom factories may be shortly L 
as follows :— ‘-— 


layer, a comb of fine wires being — 
distantly. 


employed to separate the yarns equi The yarns are then 
collected and coiled on a cylindrical beam, which is removed from tl 
warping-frame, and transferred to the i ine. This latter is 


; and, lastly, 
The preparation of the warp 


worsted goods, intended for varying the effects in the same 
web by varying the shed-action. Mr, Macfarlane, of Comrie, introduced 
an arrangement in 1858 for enabling a loom to supply its own shuttle 
with fresh warp when exhausted or broken, and also to stop itself when 
any definite number of warp-threads have become broken. Mr. Ingram, — 
of Bradford, patented in 1860 mechanism for obtaining continuous _ 
action in looms; that is, a method of supplying the loom with weft 
without stopping it to change the bobbin or cop ; or of giving an addi- 
tional supply of weft while the loom isin action, and whether the weft — 
be all up or only broken. Mr, Schwabe has invented an ue 
way of weaving Jlounced dresses, To effect this there is an a 
warp-beam laid beside the usual one: the warp from this beam it 
brought into use in producing the body of the dress; but when a 
fringe, cording, &c., is wanted for a flounce, a portion of the other wa 

is brought forward by itself; or else this second warp nay caiy he coed . 
in the flounce, and eut off at regular intervals, ; 


as 


er om 
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ication of the arts of design to weaving, Professor | all or any one of the colours; but the current would pass only” 


Concerning the application 
Willis, in a report on the Paris Exhibition of 1855, gives an interesting 
account of the duties of a French functionary called the ‘ Professeur de 
la Théorie des Fabrications’ :—* This is a class of instruction which 
appears to be peculiar to Lyons, and to the want of which our defi- 
ciency in that respect may greatly be attributed. Their business is 
not to teach artistic drawing as a branch of fine art, but to teach the 
connection of design with the machinery which must be employed to 
explain the entire construction and ment of the 
ode of mounting and adjusting them, the different tissues 


given design, either as gro 


No artist, therefore, can be qualified 


ak Vostmaives in the next under the instruction of one of these 
so-called Professors of the 


of that city to produce 
magnificent and beautiful specimens which were dis in the 
galleries of the French Exhibition.” Ea Mtns 
Bonelli’s Electric Loom.—There is one modern invention in weaving 
of so remarkable a character as to deserve special notice. The theory is 
sound, although there may not at present be obtained a mastery over the 
mechanical details for carrying it out. M. Bonelli’s Electric has 
ae by Dr. F 


the 

: there being as many such strips of tinfoil as there are colours. 
Thus each special colour of the design, in all its is 

luctor with its own separate strip of tinfoil. B 
i successively into contact with 


tach in connection with its own peculiar colour only. At any given 
moment, thin of metal resting on the design would touch it ina 
passes over the of the design, would run through 


through those plates which rest on the one colour represented by the 
strip connected at that moment with the pole of the battery. The 
shifting of the. band does not in this case take place with every 
Ber of the shuttle, but after an interval depending on the number 
of colours, 

Such is Bonelli’s electric loom. The inventor states, that two cells 
of a small Bunsen’s battery will suffice, consuming one orth of 
chemicals per day. The cost of the whole apparatus is about 202, An 
elaborate damask design will sometimes require, on the Jacquard 
system 4000 cards and 400 wires, which would cost 24/,, and five 
weeks of a man’s labour to set up. On the Bonelli system, we are told, 
the expense would be 6/., and the time one week. A Jacquard design 
has been known to take 20,000 cards, costing 150J., and an amount of 
labour equal to one whole year of one man’s time; the figures on the 
Bonelli p tape would be 26/. and one month. Several advantages are 
claimed for the system :—1. The great facility with which, in a very 
short time, and with precision, reductions of the desi be 
obtained on the fabric wy means of the varying velocity with which the 
design may be passed under the teeth. 2. That without ing the 
mounting of the loom or the design, fabrics thinner or thicker may be 
produced by changing the number of the weft, and a cor- 
responding change in the movement of the design. 3. The loom and 
its mounting Sigcicgins Seveersiny the design may be changed in a 
few minutes by the substitution of another metallised paper having a 
different pattern. 4. The power of getting rid of any part of the 
design, if required, and of modifying it. The validity of these claims 
remains for the future to show. 

WEB, [Weavine.] ° 

WEDGE, in Mechanics, is a prism of wood or metal whose base is a 
triangle: it is employed to remove two objects from one another 
laterally, or to rend asunder the of a body; an edge which is 
parallel to the geometrical axis of the prism being introduced between 
the objects, or parts of the body, and the whole wedge being then 
driven forward by a percussive force, as the stroke of ahammer. The 


. | nature of percussive force, and of the resistance which a yielding 


material opposes to the motion of the wedge being, however, imper- 
fectly known, it is usual to consider the motive-power and the 
as simple pressures, or weights, in estimating the conditions 


barrel | of equilibrium when a wedge is employed as a machini 


e. 
Let azo represent the section of a wedge perpendicularly to the 
mathematical axis; and for simplicity, suppose ils pection to be an 


isosceles triangle. The plane passing though as, perpendicular to 
ABC and to the i ao col Bo head vb ole gr bice, 28 the 

lanes passing through ao and Bo perpendic' © paper are 
Falled the sides; and their line of section, passing through 9, is called 
the edge. 

The motive-power is applied to the head of the wedge; and may be 
supposed to act in the direction mo perpendicularly to that plane, and 
passing through ¢ in the edge. Let the material which is to be rent 
asunder be in contact with the sides of the wedge in lines 
through a and 6 perpendicularly to the paper; and let the two parts 
yield as if they were capable of turning about some point c in the 
direction of Mo, uced if necessary : then it is evident that the effect 
of the wedge will be the same as if a section of the latter, perpendicularly 
to the axis, were abe. Imagine ad, bd to be drawn perpendicularly to 
ac and b¢ ; then those lines will meet at a certain point, as d, in the 
line mo: imagine also the parallelogram adbp of forces to be con- 
structed ; then dp or 2dn will represent the motive force, and da or 
db the pressure whith that force exerts at a or b perpendicularly to 
acand be, Let P + the motive force, and rk the pressure at 
aor b; then, in a state of equilibrium, the latter will re the 
reaction of the material in the direction ad or bd ; and we have 


P:R;:2dn;: da 


WEEDS. 


But the triangle exd is similar to cxa; therefore 
an : dai; an: ae, 


and consequently P:R : : 2an(=ab) : ac, 

The position of the point ¢ where the separation of the material is 
supposed to pee nlace varies for es ee yee 
estimated, or fo from experiment : it were supposed to coincide 
with c, we should have 

P:R:; 2aN: ac; 


or by similar triangles abo, anc, 


P:BR;::AB:AC, 


Xf She Sones 0: Shs ‘waline nh Che pcivte « ae pees Se us onllsenied 

in the direction a or Nd; as when it is required, neglecting friction, 

to find the force with which a given pressure P in the direction Mc, 

on the head of the wedge, wo e a body at a or b slide in a 

direction perpendicular to mc: then, n’ representing that force, and ¢ 

Ro gael hh ta tral ae epaeselaoaticns Reid should 
ve 


P:R’: : 2dN : Na, or as 2an to NO, or as AB to EC. 
The point c still coinciding with o, let @ represent the angle ack, or 
half the angle of the wedge: then 
an 


ao = 8in®, or 


» also 
it follows, radius being unity, that 


P:R::2s8in@:1, or P=2R sin 0; 
also Pp ; BR’: :2 sin 0: cos 0, or P=2R’ tan 0; 


AB Z 
a0 = 2 sin 0; 


AB:EC::2sin 0: cos 0; 


where g and n’ represent the pressures perpendicular to ac and to EC 


iy. 

it were required to find an equation for the motion of a wedge 
when acted upon by a force of ussion, & process corresponding to 
that which follows must be employed. 

Let, as before, anc be a section of the wedge, which may be sup- 
posed of iron: let it be introduced between the parts of a body which 
can yield only in a lateral direction ; and let it be driven by a mass of 
iron —— it from a point at some given height above. Both 
the wedge the hammer, 
elastic; and it will be convenient to represent the latter rk a 
parallelopiped of iron whose base is equal to the rectangular head of 
the wedge : let the height of such solid be apes by P, and let 
the space through which it is supposed to be represented by h 
then, by dynamics, 2gh will be equal to the square of the velocity of 
impact. In like manner, let the friction of the w estimated in a 
direction lel to om, be re nted the weight of a elo- 
ped ot =a eee ee e head of the wedge; and 

the height of such parallelopiped be represented by Q. 

When the collision takes. place, both the falling body and the wedge 
will be compressed in the direction of their length. Let the linear 
contraction of p be represented by p, and that of the wedge, supposed 
at present immoveable, by g (both p and q coinciding in direction with 
mc). Then if ¢ represent the modulus of elasticity (or the height of a 
vertical column of iron, having a base equal to the head of the wedge, 
whose weight would, by the compression it causes, reduce the height 
P or Q of supposed masses of iron to zero) and the forces of com- 
pression be assumed proportional to the contractions which they 


produce, we shall have £ and a for the forces by which the falling 
body and the w are respectively compressed in consequence of 
the collision; or the forces by which they tend to recover their 
original state: let these be represented by mp and nq respectively ; 
or, in terms of the force of gravity, byngp and ngqg. Then ngq will 
represent the motive force by which the saavenselae the falling body 
is resisted after the impact, or — “2 will represent the retardative 
force against that body. 

But from the equality of action and re-action we have mp=nq; 

n 

whence p= a, and p+q, or the sum of the compressions, is equal 
Plies | 


Bt+R FJ ave 
= es, Now, by dynamics, accelerative or retardative force is 


represented by v © |» here being the velocity of the falling body at 


any time ¢ between the instant of impact and that at which its motion 
is extinguished by the resistance; therefore 


nn I, Pen aS 
ds ~ ~ (a+m)eP’ 


to ~—q: let this be represented by 8; then g= 


Lg = om if we represent the space through which the wedge moves in 


or falling body, must be understood to be | ,, 


4} are or die off after the t has borne seed. 
a ipgheaprel readily cae mete A rath harrowings, by 


and integrating, v representing the velocity at the instant of impact. 
at which time #=0, ; I 


mng 
P=v— Tren) 2 


But when the to move, the friction is equal to the — 
force by which the is compressed ; therefore, making Q 
equal to ™* (nz) we have a= +2; which being substituted 
in the above equation, we have 

(n+m) 9? 7 
v=y— m AP . 4 
Now the wedge being uniformly resisted by friction, while 


in consequence of foson f, aapceema q 
times of gravity, will be =>, w representing the weight of the — 


wedge in terms homologous to P, Therefore since, by dynamics, — 


the impact, the retardative 
g@ 


the direction wc by z, we Jhave, on substituting for v* and f their 

values, and for v? putting its equivalent 2h, where h is the height due 

to the velocity v, nie ae 
(m+n) Q 4* 


Qmng P 
The values of m and n, that is, of $ and 5, may be found, since ¢, 


the modulus for iron, is known to be about 10,000,000 feet; ant 
consequently the relation between 2 and q can be determined in 


e=(r+w).(4 _- 
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WEEDS. Every plant which grows ina field other than that of 
should be carefully = 
is to 


in summer, if lestro’ 
roots are sown in drills, and carefully hoed, they produce the 
cleansing effect, and supersede the fallow ; but in ay tor 
have been neglected and overrun with weeds, a clean 

times indispensable before any improved method can 
When a farmer enters on lands which are in a foul state, 
eapest way, in the end, to sacrifice a crop, and thoroughly 
fields from weeds, especially those which have vivacious roots, 
not be extirpated by simple . The mode of doing 
depend on the nature and duration of the weeds, whether their 


it 


i 


x 
&, 


E 
Hiltce 


the seeds are brought within the influence of the atmosphere, and 
they have fairly vegetated may be buried or 
posing their roots to the influence of a hot sun 
destroyed. The seeds of annual weeds are chiefly 
in the manure which is made in the yards, where the cattle fed 
or straw swallow the seeds, which pass thro 
They are also largely sown by the farmer hi in 
he buys of the seedsman. 

One of the great advantages of straw, of artificial 
com made with human excrements mixed with earths and mineral 
substances, is that they introduce no weeds into 
ere the dung of cattle is little used, in com- 
no to be found in the 


of this 
highly-enriching manure, and its pecans iepeeantied rs much — 
expense would be saved which is now bly incurred in destroying 


af 


to eradicate, as the roots strike deep in and 
fresh shoots every year. The most mode of destroying them 
is to draw them whenever the stem is grown sufficiently to give a good 
hold of the crown of the root. 

Besides the common couch hich 


they are 
only mode of 
most effectual means of d 
couch is by the fork. If, after the ground has been once 
be forked up carefully in a. and the tufts of 
their roots be exposed to hot sun, they may be raked off and 
burnt. dey ta 
There are many other weeds, both in arable and pasture land, which 
indicate slovenly culture, and which disappear on careful cultivation 


F 


‘ation 5 
such are briars, furze, broom, and rushes ; the last being a well-known — 


| 


————— 
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sign of superabundant moisture, and only to be destroyed by under- 
draining. The whole process of cultivation is a continual struggle 
between the farmer and the weeds natural to the soil he cultivates. 
The sooner he subdues them entirely, the less will be his subsequent 
trouble; and the perfection of agriculture is to produce crops of such 
v as are useful and profitable, and are suited to the soil which 
is cultivated, while all others are excluded which might interfere with 
the crops to be raised. The almost universal adoption of the system 
of drilling and hoeing the crops, tends greatly to the destruction of 
useless plants on arable land; much yet may be done by way of 
improving the produce of meadows and pastures by the destruction of 
all noxious and useless plants, and the introduction of those which are 
nutritious and improve the herbage, whether depastured or made into 
hay; and nothing is so likely to do so as a good system of alternate 
husbandry, where the best are cultivated as carefully as the 
plants which are immediately applied to the food of man. 

Annual and biennial weeds are easily got rid of in comparison with 
those which have perennial roots, and some of which increase the 
faster the more the roots are divided. It may be proper to observe 
that too little attention is paid to the weeds in our upland meadows 
and pastures, many of which are detrimental when they are eaten for 
want of better food. Of this kind are bgtter-cups, which, where the 
cows are forced by hunger to eat them, may be very injurious to their 
health and to the production of good milk. As these plants have 
strong ial roots, they take possession of rich moist soils to the 
exclusion of good grasses. When not very abundant the plants may 
be weeded out by means of a sharp spud or hoe, and the expense will 
be well repaid in the quality of the hay or pasture. 

WEEK. This well-known period of seven days, now universally 
adopted over the Christian and Mohammedan world, appears to be of 
Hebrew or Chaldean origin. It has been commonly regarded as a 
memorial of the creation of the world, according to the Mosaic account, 
in that space of time; but it is besides the most obvious and conve- 
nient division of the lunar or natural month; and it is also more 
nearly than any other short term would be, an aliquot part of the 
solar of 365 days; so that its commodiousness in these two ways 
wiald wenn to have been sufficient to recommend its adoption. 

Dion Cassius attributes the invention of the week to the Egyptians, 
from whom he seems to say it was borrowed in later times by the 
Greeks and other nations (‘ Hist. Rom.,’ xxxvii. 18, 19, and the note in 
Reimar’s edition). It is certain that the week was unknown to the 
Greeks of the classical ages, and also to the Romans, till it was gradu- 
ally adopted, along with Christianity, under the later emperors, 

e curious we have referred to in Dion Cassius is the source 
of all that is known as to the origin of the names that have been given 
to the days of the week. The Ptolemaic arrangement of the heavenly 
bodies, according to their distances from the earth, is in this order :— 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury, the Moon (Saturn 
being the most distant) ; and it was a principle of the ancient astrology 
that these planets presided in this succession over the hours of the day. 
Upon this notion, if the first hour be assigned to Saturn, it will be found 
that the 25th (or first hour of the second day) will fall to the Sun ; the 
49th (or first of the third day) to the Moon; the 73rd (or first of the 
fourth day) to Mars; the 97th (or first of the fifth day) to Mercury; 
the 121st (or first of the sixth day) to Jupiter; and the 145th (or first 
of the seventh day) to Venus. ies Saturni (the day of Saturn), Dies 
Solis (the day of the Sun), &c., are accordingly the Latin designations 
that have been given to the days of the week; and from these have 
been formed the modern names used in different countries either by 
literal translation (in the Italian, Spanish, French, and other 3 
of the Latin stock), or (in the Teutonic tongues) by the substitution, 
in some cases, for the classical god of the corresponding deity of 
northern ism. Thus, the deity of the Old Saxons most resem- 
bling. Mars, being held to be Tiw, or Tiu, the day of Mars was called 
by them, after their conversion to Christianity, Tiwes daeg, whence 
our Tuesday (and probably also the modern German Dienstag); for a 
similar reason the day of Mercury received the name of Wodnes daeg 

‘that is, Woden’s day), whence our Wednesday (and the old German 
ir for which Mittwoche, “ Mid-week,” is now used) ; the day of 
Jupiter, Thunres daeg, or Thor’s day (whence our Thursday, and the 
modern German Donnerstag); and the day of Venus, Frige daeg, or 
Friga’s day (whence our Friday). 

ion Cassius, however, further states that the planetary theory from 
which the denominations of the days of the week have thus been 
derived is itself founded upon the doctrine of musical intervals. A 
highly curious exposition of this idea has been given by the Abbé 
Rouasier, in a Memoir on the Music of the Ancients, printed in the 
* Mémoires de Trévoux,’ for November and December, 1770, and 
August, 1771. 

It is a remarkable fact that the week of seven days is not only a 
recognised space of time in the ancient Brahminical astronomy, but 
that the days (beginning with Soucravaram, “the day of Venus,” or 
our Friday) are named in succession after the same planets or heavenly 
bodies as among the Greeks and Latins. Upon this subject see Bailly’s 
‘ Astronomie Indienne et Orientale,” and various papers by Mr. Cole- 
brooke and others in the ‘ Asiatic Researches.’ The subject of the 
week is also discussed by Bohlen, ‘ Das Alte Indien,’ ii. 214. 

WEHRGELD or WEHRE (in Latin “ Werigeldum,” and in some 


cases “ Compositio”), was a kind of fine for manslaughter, wounds, 
&c., in use among the ancient Teutonic nations, by paying which the 
offender, if a freeman, got rid of every further obligation or punish- 
ment, 
the emperor Henry II. (1022) the lord of the serf had a claim against 
the slayer. The punishment of death was almost unknown among the 
Teutonic nations, and was never inflicted for crimes against individuals, 
but only for crimes and misdemeanours by which the community as 
such was injured. Tacitus (Germania, 12) says that traitors and 
deserters were hanged on trees, and that cowards and such as were of 
infamous lives (corpore infames) were smothered in marshes; hurdles 
were thrown over them, by which their bodies were kept down. 
Several bodies of Germans who were buried in that way, with the 
hurdles still over them, have been found in the great marshes of 
Northern Germany. It is very likely that death inflicted for such 
crimes was less a punishment than a means of getting rid of persons 
the sight of whom was a disgrace to the community, and for whom 
there were no prisons. Crimes committed by one individual against 
another were considered not directly to concern the community. The 
wounded man, or the relations of him who had been slain, pursued 
the culprit till they found him ready to satisfy their vengeance by 
giving them a certain number of cattle and arms. (Tacitus, id., 21.) 
If the parties belonged to different communities, the consequence was 
a feud between them and their adherents, no community having the 
slightest authority over another; but if the parties belonged to the same 
community, the matter was soon settled. The plaintiff called the 
offender before the community, and if the défendant was found guilty, 
he was sentenced to pay a certain fine, the wehrgeld or wehre. If the 
defendant would not or could not pay, his relations were bound to pay 
for him; the father paid for his children, the master for his serfs, and 
he who received a stranger in his house was liable for the misconduct 
of his guest. The plaintiff was not obliged to summon the offender 
before the meeting: he could pursue his cause with his sword, and 
thus compel the defender to pay the wehrgeld, which was always pro- 
portionate to the offence. If the cause was brought before the 
community, the plaintiff only received part of the wehrgeld; the com- 
munity, or the king, when there was any, received the other part. 
(Tacitus, ib.,12.) The part paid to the community must be considered 
as a fine for the breach of peace, and the consequence of the reciprocal 
obligation of the members of the community to maintain order. If 
the wehrgeld were not paid, the right of taking personal revenge was 
resumed. Laws therefore were enabling the community to 
enforce a wehrgeld even when the defaulter was unable or refused 
to pay. 

We learn from the written laws of the Teutonic nations that the 
wehrgeld was for various crimes and misdemeanours, such as murder, 
manslaughter, infliction of wounds, and grievous bodily harm, robbery, 
theft, incendiarism, plagiary, rape, sodomy, verbal and real injuries, 
and several others, such as the violation of a grave (‘ Lex Salica,’ tit. 
xvii.), by which is understood not only the injury done to the tomb, 
such as taking the tombstone from one grave and putting it, on 
another, but also stealing a dead body, or its clothes and ornaments, 
The general Latin name for the fine paid for such crimes is “ com- 
positio ;” wehrgeld designating merely the fine for a crime committed 
against the person of a freeman. The amount of the fine was in pro- 
portion to the nature of the crime, to the loss of property or damage 
resulting from it, and it varied according to the rank of the injured 
person as well as of the offender. In case of theft or damage, the fine 
did not exclude either the restitution of the stolen object or of the 
damaged thing, if possible. In England the laws relating to wehrgeld 
received many modifications from Alfred downward, 

The wehrgeld was not the same among the different Teutonic tribes, 
as may be seen by a comparison of their laws. The laws of the Anglo- 
Saxons deserve particular attention. Mr. Kemble calculates that in 
Kent the wehrgeld of the noble was 360 shillings, and of the freeman 
(or ceorl) 180 shillings. In Northumberland it seems to have been 
somewhat higher. In Wessex that of the freeman was 200 shillings 
and the noble 1200, The clergy were rated high—an archbishop with 
a prince, a bishop with an ealderman. 

(Eichhorn, Deutsche Staats wnd Reichts Geschichte; Kemble, Saxons 
in England.) 

WEIGHING-MACHINE is any contrivance by which the weight 
of an object may be ascertained. Under Batance the principles of 
the machines by which materials of comparatively small magnitude are 
weighed are explained. The scales with equal arms and equipoised 
weights require no further elucidation; but a short notice may be 
given of some others. The steelyard is a kind of balance or weighing- 
machine, consisting of a lever of unequal arms, The most common 
kind of steelyard, which is often called the Roman balance, is a lever 
of the first order, and is used by suspending the article to be weighed 
from the end of the shorter arm, and sliding a determinate weight 
along the longer arm, to a greater or less distance from the fulcrum, 
until the instrument remains in equilibrium in an horizontal position ; 
the weight of the substance attached to the short arm of the lever 
being indicated by observing the position of the moveable balance- 
weight with respect to a graduated scale marked upon the long arm of 
the steelyard. In the common steelyard a hook or hooks are vera 
suspended from the short arm, to hold the article the weight of whi 


The serf or unfree had no right to wehrgeld; but by a law of 
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i commonly 
the form of which enables it to rest in notches cut on the upper 
of the steelyard, corresponding with the graduations engraved 
aide. A ring hook is also attached to the fulcrum, 
instrument may byte eagees hung upon a fixed support, 
hand ; 


2 
o 
= 


RE 
Fe 


F 


pelle 


ve 


excess above the regulated quantity. 

The usual age gee) Rapa may be described, in a general way, 
a platform sunk on a level with the road, and made to rest at four 
points on a double lever of the second kind. The extremities of the 
arms of these levers rest upon a third lever, which may be of the first 
or second kind; and this last lever may either serve as a steelyard, or 


os 
= 


— 
SESE 


<<: 


tance 


© 


OLIT¥S Wi wow 


EEO 


a 
Zeca eeses 


Q 


vertical ay the form which is 

po ey mboye negeces | a, b, a’, Ms in 
conii int, w! a, ai 

a heel 8 cavity canke tt a die or cylinder 
which is either attached to the iron-work 
e sunk 
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a machine in which the of a 
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or any other force 
mometers. [DyNAMOMETER,] 
One of the simplest kinds of 


a 


rod, having a hook or loop at its lower extremity, 


the upper or end of the 3t q 
when a heavy body is stashed to ea haek es 
of the sliding-rod. The machine is su; ae 
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a hook or attached to the upper end of the tube; and the extent 
of the cnaat of the spring, and uently the weight of the body 
suspended from it, are indicated by the degree to which the rod is 
drawn out of the tube, For this purpose a graduated scale is engraved 
upon the rod; the divisions indicating the extent of compression pro- 
duced in the spring by the application of known weights. Several 
balances on the same principle are made for various purposes. 
that'known as Salter’s balance has a brass plate attached to the tube 
or cylinder, within which the spring is enclosed, and a vertical slit 
the plate and tube. A scale is engraved on the face of the 
brass plate, and the weight is indicated by a pointer which moves up 
and down with the spring, with which it is connected through the 
vertical slit in the tube. Martin’s “index weighing-machine” acts 
upon the same principle, but has a circular dial-plate and a revolving 
inter or index, resembling the hand of a clock. On the axis of the 
x, but at the back of the dial-plate, is a toothed pinion, which is 
turned by a straight rack attached to the vertical rod, which rises and 
falls with the spring. The index remains in a vertical position when 
the balance is unloaded, and deviates more or less from it when a 
weight is attached to the hook. One advantage of this construction 
is that the point of the index traverses a much greater space than the 
spring itself, so that a small movement of the spring becomes readily 
discernibl 


le. 

Spring-balances with helical springs are applied to several useful 
purposes besides that of ascertaining the weight of bodies. A spring 
of this character is sometimes used to hold down the lever of the 
safety-valve in a steam-engine boiler, the movement of the index 
also showing the pressure of the steam, Such an apparatus is 
useful in a locomotive engine, the shaking motion of which might 
derange a valve loaded with moveable weights. A helical spring- 
balance forms also a good cable-stopper. When applied to the measure- 
ment of muscular force, the tractive power of a locomotive carriage, 
&c., one end of the cy! 


power employed to draw it. In using a spring-dynamometer for this 
x ly when the carriage is moved by animal power, some 
Snamuiveninace is occasioned by the vibration of the index with every 
trifling variation in the force applied, to remedy which Mr. H, R. 
Palmer contrived an apparatus in which the quick vibration of the 
spring is checked by means of a piston moving in a cylinder filled with 
A very narrow space is allowed for the oil to pass between the 
edge of the piston and the cylinder, so that a considérable resistance is 
opposed to. the motion of piston and the springs, and the index 
consequently represents the mean amount of force applied without 
being affected by sudden variations. 
The ious method —— by Mr. Martin for transmitting the 
a spring to an index moving aay end dial-plate, is 
applicable to spring-balances of other than the helical construction. It 
‘was used Hanin, a French gentleman, who was rewarded by the 
Society of , in 1790, for an apparatus for showing at one view the 
ight of an object a several different scales or systems of 
His machine w is described and figured in the ninth 
the Society's ‘ Transactions,’ consists of a dial-plate, on 
which are marked several concentric circles, divided according to the 
systems of weights used in different countries, and an index moved by 
a rack and pinion, as before described, The spring, instead of being 
a helical form, is semicircular; its upper extremity being firmly 
to the back of the dial-plate by means of screws, while its 
end is attached to the hook which carries the weight, and the 
oO ag the index is moved. Marriott's patent weighing- 
is to that of M. Hanin, but the spring is a perfect 
with its longer axis laid horizontally. The stem to which the 
for holding the apparatus is attached is fastened by a nut and 
to the middle of the upper side of the spring; and the rack, 
the hook which holds the article to be weighed, to the correspond- 
int on the lower side of the spring. The spring, rack, and 
are enclosed in a circular box at the back of the dial-plate, the 
of which serves asa stop to prevent the spring from being 
A similar apparatus, contrived by M. Regnier, has been 
ometer, as well as a weighing-machine, 
or dish may be added when necessary to any of the 
ing-machines which have been described. On account of 
of weights, and the great simplicity of their application, 
are useful in cases where extreme accu is not 
required, especially when a portable weighing-machine is desirable. 
ascertaini 
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Machines for ing the weight of the human body are often 
made on this principle, a kind of chair being suspended from the 
WEIGHT. There is nothing to say on the feeling of weight after 


‘what has been rea in Pressure; nor is it possible to give any idea 
80 

heavy body from the ground. 

when placed at the ends of equal arms of a self-poising lever. 


The weight of a body, that is, of a given bulk of known substance, 
is referred t of water by what is called the Sprcuic Graviry og 


the substance. It is said, for example, that the specific gravity of 
ivory is 1826, when that of water is 1000, This means that any bulk 
of ivory is more weighty than the same bulk of water in the proportion 
of 1826 to 1000. When the specific gravity of water is called 1, that 
of ivory is 1826, Since a thousand ounces ayoirdupois of water are 
nearly a cubie foot, a more popular notion of the meaning of specific 
gravity may be given, in this way :—To say that the specifie gravity of a 
substance is 1°826, that of water being 1, is to say that a cubic foot of 
it weighs 1-826 x 1000, or 1826 ounces nearly. More correctly, from 
1000 times the specific gravity (water being 1), subtract three times 
that specifie gravity, and add its 73rd part: the last step be left 
out for common purposes, Thus, the specific gravity being 4°817, 
4817 x 1000 — 4°817 x 3 is 4802°549, the number of ounces in a 
cubic foot, 

But it is to be remembered, when weight is to be very accuratel: 
taken, that everybody is buoyed up to a certain extent by the air; an 
the weight of a body in air is less than it would be in a vacuum b: 
the weight of its own bulk of air. Now the air varies in weight [Ar 
in a manner which may be ascertained nearly by the indications of the 
barometer. Properly speaking, it varies in a manner depending upon 
the superincumbent pressure, the temperature, and the quantity of 
moisture contained in it. A hundred cubic inches of dry air, when the 
barometer is at 30 inches and Fahrenheit’s thermometer at 60°, weigh 
31°012 grains. In measuring standards of weight, therefore, close 
attention must be paid to the state of the air at the time of weighing 
and to the substance weighed. If an iron weight balance a wooden 
one in a given state of the atmosphere, for that very reason there can- 
not be strict equilibrium in any other state of the atmosphere; wood 
being at least seven times as bulky as iron, the effect produced on the 
weight of the wood by the alteration of the state of the air is at least 
seven times as much as that produced on the iron. 

WEIGHT OF THE AIR. [Arr.] 

WEIGHT OF THE EARTH. ([Karru, Mean Densrry oF THE.] 

WEIGHT OF OBSERVATIONS. This article is only for the 
reference of the mathematical student; in Mran will be found as 
much of it as an arithmetician can use by rule, 

This term was first applied in the manner stated in the article Mzan, 
An observer decided the relative merit of his observations by his 
unassisted recollection of the impression made by them upon his mind 
at the time, and affixed weights to them ; that is, supposing a,, a,, &c., 
to be the n results of observation, he attached numbers ¢,, c,, &c., pro- 
portional to their presumed goodness, and used Sca--3e Hoctat of 
3a--n, for the average, Instead of ¢,, ¢,, &c., any numbers propor- 
tional to them may obviously be : and in applying the higher 
branches of the theory of probabilities, it was found that a certain 
mode of obtaining ¢,, ¢,, &c., while it gave ‘the aboye mode of using 
these numbers in the formation of an average, made them applicable 
to other important uses, We here give a sketch of the results of this 
method in its simplest parts. 

1, When a number of discordant observations, made under cireum- 
stances in which positive and negative errors are equally likely, do not 
differ much from each other, and when it is exceedingly unlikely that 
the truth can differ much from the observations, it may be presumed 
that the chances of the error ,of any one of those observations 
yee betreen wand « +d, and between a and 5, are severally of 


corms 

e c b 

— 2 — 

A/S mae and fs frend, 

where ¢ is a constant dependent on the goodness of the observations, 
and m=3'14159,.., e=2°71828...., as usual. Evenif this law of error 
do not exist, it is found that the treatment of a considerable number of 
observations, whatever * may be the law, is reducible to the same rules 
as those derived from this law, which is now universally assumed 
by those observers who apply the theory of probabilities to their 
results. 

2. The constant ¢ is called the weight of the observations, and 
depends upon the various cireumstances which determine their good- 
ness or badness. The greater it is the better the class of observa- 
tions to which it applies. It is approximately found, for a given class 
of observations, as follows :—Subtract each of the observations from 
their mean, and let ¢,, ¢,, &., be the results; then c=n+22e%, The 
sum of the squares of the departures from the average may be found 
by diminishing the sum of the squares of the observations by n times 
the square of the mean; and before doing this any convenient quantit; 
may be struck off from all the observations, provided it be also struc! 
off from the mean. 

8. The probable error is that within which, taken itively and 
negatively, there is an even chance an observation shall lie. Thus if 
there be an even chance (a being the true result) for the result of an 
observation lying between a—a and a + a, then a is the probable error 
of an observation. To find the probable error, divide 476936 by the 
square root of the weight. 


* That is, provided the law be such as common sense can admit, as repre- 
senting what actually takes place inhuman observations. It would not apply, 
for example, to a case in which the larger the error the more likely was it to 
happen. 
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4. The weight of the average of observations is the sum of the 
ts of the component o ons, If » observations, A,, Ay, &e., 
be made, all of the same weight ¢, the average is Xa<n, the weight 
of the av is ne, and its yer l is 476936 +- Vine. But if 
the weights be different, say ¢,, , then Zca+3ec a 5 
Xe is its weight, and 4769862 /(%e) its probable error, In the 
former case the probable error of the average may be directly found 
trons the uum of the syusrented the reputed setors,® ky da Sane 


67449 4/ (2) +n, 


5. Cateris paribus, the probable error of an average will not be in- 
versely as the number of observations, but as the square root of that 
number. If p be the probable error of an Observation, and P that of 
the average of such observations, then p=+/n.Pp. An observer who 
takes such a mode as gives the probable error of an observation twice 
as great as it need be, must not hope to indemnify himself for his 
carelessness b twice as many observations as would otherwise 
be necessary, but must make four times as many. 

6. If p be the probable error of an observation, an average, or other 
result, the following table will be sufficient to connect the probable 
error with other errors, for any rough purpose of estimation :— 


Odds, Against, For. Odds, Against. For, 
1k “79 1°25 74 *22 2°32 
2 “64 143 8 *21 2°36 
2} “54 1°58 8} +20 2°40 
3 “47 171 9 “19 2°44 
3} “42 1°81 9} "18 2-47 
4 *38 1°90 10 7 2°50 
44 “34 1°98 20 “09 2°04 
5 “31 2°05 30 *06 3-17 
53 *29 2°11 40 “05 3°34 
6 27 2°17 50 04 3°50 
6} *25 2°22 100 “02 890 
7 °23 2-27 1000 *002 4°90 


This table is to be in as follows :—I£ p be the probable 
error above mentioned, it is 1} to 1, or 3 to 2, against the error turning 
out less than °79 x p, and it is 14 to 1 for the error turning out less 
than 1°25xp. Itis 8 tol — the error: being less than -21 x p, 
and 8 to 1 for its being leas 2°36 xp. It is 1000 to 1 against the 
error being less than ‘002 x p, and 1000 to 1 for the error being less 
than 4°90 x p. 

WEIGHTS AND MEASURES. The subject of weights and 
measures is one the actual state of which is p: rous in the inverse 
ratio of the number of books or the length of articles which are written 
upon it. There is nothing in it which might not, if the most natural 
and simple system were adopted, be described in a sie few pages. 
‘We are i of course only with reference to a possible time ; for, 


let that time arrive when it may, the history of the past must be a | freq 


confused and repulsive subject. 
' In the article Weicur, &c., StanDARD OF, we shall give some idea of 
the recent history of the attempts which have been made in England 
to secure a permanent measure of length. These have only succeeded, 
at least until very recently, somewhat farther than to the extent of 
making it possible to restore to the merchant a sufficiently 
near to that which now exists, if the latter should lost ; but they 
have all confessedly failed in perpetuating sufficient exactness for 
scientific purposes. The same may be said of the French endeavour to 
‘create a recoverable standard by the measurement of the earth. 
[TricoyometricaL Survey.] So that in fact we are now come back 
again to the old notion, that the true way to maintain a measure is to 
construct accurate copies out of durable material, and to preserve those 
copies with care, 

he measures of time (of which we more particularly in Yzar, 
Tie, Pertops oy Revoivution) are the only usual ones in which a 
natural standard exists; to which we may add, that in the kindred 
o ion of counting there is something of the same kind. The 
phenomena of the daily revolution of the earth, and the ten fingers on 
the two hands, have secured to the whole human race, above the degree 
of the lowest savages, one mode of assigning periods of duration and 
large collections of number. But even in these two subjects details 
have differed considerably in different times and countries; and much 
more has this happened with respect to measures in which the choice 
of astandard is purely arbitrary, as in the case of length, surface, 
capacity, and weight. The angle is another itude which has a 
natural measure [ANGLE]; and, as this has ater Beal out of the hands 
of geometers, a greater uniformity has prevailed in the measurement 
of magnitude than of any other whatsoever. The measures of 
length obviously regulate those of surface and capacity. There is no 
other way of defining an area or a solidity, except b describing, for 
the area, lengths, for the solidity, surfaces, by which the area or 
solid ~ ¢ be bounded in a given manner, Measures of weight may be 
obtained by defining, as standards, given bulks of given substances ; 
and as water is the most common and most easily purified of all 
substances, it has been chosen by common consent as the referee for 


* The departures from the average above mentioned: the average being 
taken for the truth, these departures are takon for the errors. 


such standards, A measure of length then is all that 
first instance ; and most nations, ancient and modern, have been 
habit of referring all the resulti 
Nevertheless, there is no small difficulty in obtai 
a measure of weight deduced from } with one 
such a manner as to perpetuate the latter, if the utmost 
required. (Kater, ‘ Construction ope er agaies Ae patil 
1826.) So that the commissioners who 

advise that the standard of weight shall no longer 

that of length, but shall be simply a piece of metal or other durable 
substance, 


“<4 


in use, principal ones, 
ancient and modern. is no subject whose history is more dis- 
pone Arama three sag ~ a nt, pate is raga ys 
of weights and measures. e ancient peri i 
“oft ing, whlch’ the, clesioal 


decline of the Roman empire, d w standards 
were preserved and rete fe the middle period, during which, while 
the names and relations of the measures were — 
)the learned, the standards were lost, and the various differences of 
national measures began to exist among the people ; the modern period, 
which hardly begins before the 17th os: i 

cies of national measures were noted, and the attempts at a system 


is unquestionably to be found in 
the parts of the human body; both their usual 
speaking, and their names, establish this beyond a doubt, The 
the digit, the palm, the span, the cubit, &c., are in all languages 
from the same source; nor, in popular view of measurement, 
they materially differ in length : the gai e tan ee ee 
rod, and has no intrinsic meaning. It is also unquestionable that 
former times, when authentic measures were not so easily to 
obtained, the hands, arms, and feet were much more frequently 
than they are at present, when every workman, however humble, 
 iageagerone ofa measure. George Agricola, presently named, says that 
ne ene ee enya eae 16th century) the French workmen 
commonly mi a by joining the extremities of the thumbs, 
clenching the fingers, and keeping the thumbs as widely extended as 
they could: “ pedem metiuntur opifices manibus in 
contractis et porrectis pollicibus altrin’ ue obversis :” nor is this a 


bad measure of a French fqot. At what period the slightly variable 
measures derived from the living man were first a fixed 
and legal average or other conventional value, whether the 


Suidas, Pliny or Vitruvius, there is direct information on the subject 
in the works or fragments of Cato, Celsus, Columella, 


middle period may be divided into that which and followed 
ee All that took place in the former part of it 
is a blank; we w but , the 


books began to be plentiful, all coinciding in req) 
lanation, ater than the learned had om 
believed they had, a system of measures in terms 


man measures, attained. 
As this point in the history of measures is not alluded to 
metrologist, and as some of its consequences are remarkable, it f 


arg 
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the Roman system was taken for granted. Roger Bacon, when speak- 
ing of a foot or a mile, compares statements of Ptolemy, Pliny, and 
writers of his own time, without a word of suspicion that there could 
be any difference between the several measures ; though his own state- 
ments from modern travellers [MitE] prove that they had a mile 
very different in length from that of the Romans. In the Geography* 
Oe Learns Corvinus (Basel, 1496), all that he says on measures is 
in six words, explaining the single addition which had been made to 
: “ Italorum quatuor unicum miliare nostrum men- 
- surant.” Lebrixa or Antonius Nebrissensis (‘Cosmographie Intro- 
ductio,’ Paris, 1533), lays it down that his own foot and his own pace 
are those of the Romans, he being a man of moderate stature; and 
having once arrived at a conclusion respecting the Roman pace, he 
takes it for granted he has the proper foot of his own time: he adds 
that he has made some verifications on itinerary distances. This idea 
of the actual use of the human members was a very common one: 
George icola, whose work, ‘De Ponderibus et Mensuris,’ was much 
in use, and several times reprinted (Paris, 1533; Venice, 1535; Basel, 
1550, and perhaps oftener), would almost seem to hint, in addition to 
what we have already cited, that the actual measures of his day, as 
used among merchants, were taken from the body: the measures of 
length, he says, are “membra humani corporis, pertice, arundines, 
funiculi.” This can hardly mean that measures, such as the foot, the 
eubit, &c., were only originally derived from the human body ; for 
such an explanation would require us to say that the arwndo and the 
funiculus were names of measures, which was certainly + not the case, 
The word pertica is ambiguous; it is both a pole and the measure 
derived from that pole: had it not been from the double meaning 
_ of that word, we should have been quite positive of what we now think 
~ by far mo&t probable, namely, that Agricola means to say that people 
in his time measured by the parts of the body, poles, reeds or canes, 
and strings. This work of Agricola, though intended to be on the 
weights and measures of his own time, is in reality wholly occupied by 
discussions on the Greek and Roman measures. He is the first, he 
says, who in modern times recovered the distinction between the Greek 
and Roman measures, which had been entirely lost, or at least never 
mentioned, by his immediate predecessors. It was not uncommon to 
illustrate the table of measures by drawings of the human body, with 
descriptions of the foot, palm, &c., as in the ‘ Cosmographia* of Peter 
Apian, reprinted several times in the first half of the 16th century. 
No other reference to a standard of length is given; and the table and 
drawings are made in such a manner, that nothing but our habit of 
using other modes of measurement would make any one doubt for a 
moment that actual reference to the human body is intended. The 
complete table of the 16th century is as follows :—the breadth (not the 
length, as is particularly stated) of four barleycorns makes a digit, or 
finger-breadth ; four digits make a palm (measured across the middle 
joints of the fingers); four palms are one foot; a foot and a half is a 
eubit; ten palms, or two feet and a half, are a step (gressus); two 
ee en ae * Pace ( ); ten feet are a perch ; a hundred 
twenty-five paces are an Ttalic stadium; eight stadia, or a thou- 
sand paces, are an Italic mile; four Italic miles are a German mile; 
and five Italic miles are a Swiss mile. It will appear most probable 
from the preceding statement, that the foot was considerably less even 
than the ancient Roman fovt of 11°6 English inches. The average human 
foot certainly has not that length ; the average foot of an adult English- 
man is 10°26 inches. The table just mentioned, derived, as we shall 
see, from the Romans in most of its parts, is founded upon a notion 
which is very near the truth in a well-proportioned man, namely, that 
the breadth of the palm is the 24th part of the height; the length of 
the foot, the sixth; and the length of the cubit, or from the elbow to 
the ends of the extended fingers, the fourth. 

It was the practice of the 16th century, in which books were written 
for all Europe, and not for that part of it alone in which the writer 
lived, to set down on the page printed lines representing the length of 
a foot, or palm, according to what the page would admit. The term 
frequently used was “ figuratio :” thus a long line extending down the 
page, marked “ figuratio pedis,” means that the length of this line at 
the time it was printed is that of which the author speaks. No 
instance was ever} produced in which such a line was merely a repre- 
sentation, put down for the purpose of showing subdivisions, or in 
which it was treated by any succeeding writer as other than an 
absolute facsimile, 

The figured foot, or paper-foot as we may call it, requires to be 

, a8 an allowance for the shrinking of the paper. The 
surest case in which we can accurately ascertain in what proportion 
this has taken place, is in the plate of Dr. Bernard’s work on 
English weights and measures, in which a line which is described as 
7 English inches has shrunk to 6 inches and %ths, or in the proportion 


* Remarkable as being probably the last work in which America is not 
mentioned, 

+ We do not forget the canna, but this was only an isolated Italian F 
not likely to be named as a technieal term by Agricola, writing in France, and 

all measures under four heads, 

} We have found one, in the work of Neander (1555), in which the ratios of 
the es are rep d by arbitrary lines. But as if to show what was 
intended, the words next following the figured measures are ‘ Hactenus 
persecuti i um,” &c, 
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of 42 to 41. Other instances give smaller* amounts of shrinking: in 
two different copies of one work we find the difference between two 
impressions of the same foot agreeing within ;,th of. an inch in about 
ten inches. It is very unlikely that, if the shrinking had been percep- 
tible, two copies should have shrunk so equally. We adopt this ratio 
of 42 to 41, and the more readily, because the larger allowance we 
make the more is our final conclusion weakened : this final conclusion 
being, that the geometers of the 16th century used a much shorter foot 
than the Roman. 

That the mathematicians just named did use a set of measures 
among themselves, in order to avoid the diversities of popular measures, 
is established by the express assertion of Clavius, who died in 1612, 
aged 75, and is therefore a contemporary authority. He says, in his 
commentary on Sacrobosco, ‘‘ Enumerande sunt mensure quibus 
mathematici, maximé geometre, utuntur. Mathematici enim, ne con- 
fusio oriretur ob diversitatem mensurarum in variis regionibus (queelibet 
namque regio proprias habet propemodum mensuras) utiliter excogi- 
tarunt quasdam mensuras, que cert ac rate apud omnes nationes 
haberentur.” He then gives the same table as that above. On looking 
at some of the earlier writers of the 16th century, we find a foot which 
is figured as ten English inches in length, after the shrinking of the 
paper is allowed for. First, Fernel,+ who measured a degree of the 
earth, speaks of the foot which he used in two distinct works, the 
‘Monalosphrium’ (Paris, 1526) and the ‘ Cosmotheoria’ (Paris, 1528), 
in which last the degree is described. In the first work he gives his 
foot, or “ figuratio pedis geometrici,” which he says is to be chosen 
with great care, on account of the great diversity of measures. This 
paper-foot is now within a sixtieth of an inch of nine inches and two- 
thirds (English), Which, increased in the proportion of 41 to 42, is nine 
inches and nine-ténths. In the second work, he says, that five of his 
own paces, or those of ordinary men, make six geometrical paces. 
Now the pace of an ordinary man, or two steps, is almost exactly five 
English feet, which is the double of the regulation step of the army 
in England. Paucton (p. 187), from actual experiment, gives what 
amounts to 59 inches and 7-tenths English. At sixty inches per pace, 
Fernel’s foot is then ten inches (English) exactly ; at 59°7 inches it is 
9°95 inches. The two descriptions agree so well, that Fernel's foot 
may be considered as very well determined; nevertheless, Picard, 
Cassini, Montucla, Lalande, and Delambre have all taken it for granted 
that by a foot Fernel could have meant nothing but the Parisian foot 
(12°8 English inches), and have therefore considered him as having (by 
accident, they suppose), measured his degree with very great correct- 
ness, whereas, in fact, he is fifteen miles wrong. Budeus (followed by 
Glareanus and others) had, a few years before (1515), in his treatise, 
‘De Asse,’ the earliest work on Roman measures, &c., declared that the 
Roman foot was the same as the Parisian; and Picard, &c. seem to 
have taken it for granted that Fernel followed Budeeus. They might 
have learnt from Lucas Petus that this foot of Budseus was “ repro- 
bated by all as having nothing in common with the Roman foot,” 
The treatise of Stéffler, ‘Elucidatio Fabrice Ususque Astrolabii’ 
(Oppenheim, 1524), contains his configuration of the digit, palm, and 
foot, separately, the foot being also divided into palms. These agree 
exceedingly well with one another, and the foot on the paper is pre- 
cisely nine inches and three-quarters (English). This increased in the 
ratio of 41 to 42, gives 9°98 inches. The author speaks of the digit, 
&c. as being the celebrated measures which are used by all or most, 
and gives no hint whatever of his having made a measure for himself. 
It may here be noted that the English writers of the period make little 
mention of this book-system, and, when they do mention it, sometimes 
confound it with the common and popular system. Thus Blundevil, 
in his ‘ Exercises,’ tells us that the German foot, according to Stéffler, 
is two inches and a half less than ours ; alluding, no doubt, to the foot 
we have just cited. 

Since the ‘ Penny Cyclopedia’ appeared, we have examined several 
other figured feet ; for some of which see De Morgan, ‘ Arithmetical 
Books,’ pp. 8,9. The results accord very well with those given above ; 
and the mean of the whole gives a foot of 9°85 inches. But Fernel and 
Stoffler are the best authorities, because they are the best names, have 
given the whole foot, and have taken the greatest pains with the sub- 
divisions. The mean of their results, before allowance for shrinking, 
is 97 inches: that of the barley, presently mentioned, is 9°8 inches, 
The allowance for shrinking is, as above given, perhaps too great; and 
9°8 inches is, it may be, as good an estimate as can be given of this 
once well-known measure, 

There is little reliance to be placed on the barley standard ; never- 
theless, this addition to the Roman system of measures must have been 
made by some who had tried it: we can hardly suppose that writers 


* We have taken the one which is most against us: in the ‘Pathway to 
Knowledge,’ (1596; not the work of Recorde under that name, but a trans- 
lation from the Dutch, of which we can find no mention in bibliographers) a 
line of six English inches, figured in the translator’s preface, has shrunk only 
by one part out of sixty, With reference to our frequent subsequent citations 
from this ‘ Pathway,’ we may observe that Jeake, whose ample and laborious 
accounts of weights and measures (in his ‘ AoyiorunAoyla, or Arithmetick, 
Surveighed and Reviewed,’ London, 1696, but finished in 1674) makes him a 
very respectable witness, iders it as a first-rate authority, 

+ See a discussion on this case in various numbers of the ‘ Philosophical 
Magazine’ for 1841 and 1842, ' ; 
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would in all cases carefully state that four grains of barley placed side 
by side give their first and lowest measure, unless they were at least 
repeating a well-established tradition, founded upon an actual mode of 
measurement, According to this mode, 64 grains, placed side by side, 
ought to give their foot : we believe it will be found very difficult to 
make any barley of our day give more than 10 inches. On trying the 
first grains we obtained, we found that, by picking out the largest 
grains, 33 of them just gave more, and $2 less, than five inches: but 
that, taking the grains as they came, 38 gave only five inches. Not 
wishing however to trust to one trial, we procured the largest speci- 
mens of barley which could be got from two different and distant parts 
of England, and from these specimens, already selected as choice 
samples, we picked out the largest grains, In a first sample, 33 grains 
placed side by side gave five inches; in a second, 38 grains gave five 
inches and one-tenth ; in a third, 33 grains gave also 5 inches and one- 
tenth, And yet these samples differed apparently in bulk; but on 
examination we found that the lengths of the grains differed materially, 
their breadths very little. So that the ancient lish standard 
which depended, or was said to have depended, upon the lengths of 
barley-corns placed end to end, was not founded upon so sure a method 
as that above described, which depended upon the breadths. The foot 
of 64 barley-corns derived from the average of the preceding (rejecting 
that from the smaller grains of the London sample) is 9 inches and 
eight-tenths of an inch, rather smaller than might be supposed from 
the other methods of judging, which, however, it must be remembered, 
have been pushed to their utmost. 

We feel persuaded from all that precedes, not only that at the 
beginning of the 16th century there was no distinction made between 
the measures of the learned and the Roman measures, but that the 
Roman foot, the foundation of all, was taken to be considerably shorter 
than the truth, having been probably recovered from the human body. 
Long after the introduction of sounder notions, we see traces of the 
same sort of thing. For instance, in the second edition of the mathe- 
matical Lexicon of Vitalis (1690), the first edition (1668) being silent 
on the matter, an article on measures is introduced in which the only 
authorities alluded to are the ‘Dies Geniales’ of Alexander ab Alex- 
andro, in which there is nothing but description of ancient measures, 
and the work of George Agricola already cited. The Roman foot was 
recovered with tolerable ease as soon as it was looked for. Leonard di 
Portis, an Italian lawyer, gave its length from the Colotian foot here- 
after noticed; and Lucas Pretus, another lawyer, wrote elaborately on 
the ancient weights and measuresin 1573. ‘Those who would see more 
of this subject in the 16th century must search for the writings of 
Alciatus, Alcasar, Geo. Agricola, Budeus, Budelius, Capellus, Mon- 
tanus, Mariana, Lebrixa (Nebrissensis), Neander, Pasi, Petus, Portius, 
Villalpandus, &c. ‘ 

As soon as the middle period is past, the history of weights and 
measures down to our own time ceases to be European, and, with the 
exception of those of England and France, we need not, in so short a 
sketch as the present, give any very close account of the various 
national measures, 

In England, it seems as if the standards were tolerably well settled 
and widely diffused at so early a period that the writers of this country 
took comparatively little notice of the system which the continental 
mathematicians used for their own communications. That the ear of 
barley and of wheat were actually used in determining the standards, 
seems * to admit of no doubt. The statute 51 Henry IIL. (a.p, 1266) 
enacts, “that an English penny,t called the sterling, round, without 
clipping, should weigh 32 grains of wheat, well dried and gathered out 
of the middle of the ear; and twenty pence to make an ounce, twelve 
ounces a pound, eight pounds a gallon of wine, and eight gallons of 
wine a bushel of London, which is the eighth part of a quarter.” 
Again, 17 Edward IL. (4.p. 1324) provides that three barley-corns, 
round and dry, make an inch, 12 inches a foot, &c. And the interpreta- 
tion of the older scientific writers on measures is le to the 
common meaning of the words. Look to the first grounde,” says 
Oughtred, “and principle of our English measuring, from Barley- 
cornes.” But it is so difficult to know how much of the sharp end of 
a barley-corn must be cut or worn away before it becomes what was 
called “round,” that this mode of measuring by the lengths of barley- 
corns is very indefinite. Standards were made at early periods and 
enforced by various statutes; one of the earliest is one of Edward I. 
of uncertain date, which directs that a standard of bushels, gallons, 
and ells, shall be kept in every town, agreeing with the king’s measure. 
With regard to the measure of length, this country has been fortunate, 
and its standards have, for commercial purposes, fully deserved the 
name. But the measure! of capacity [GaLLON] remained various in 
spite of allacts of Parliament. In the year 1650 there were three 
distinct modes of determining a wine gallon: 1, From general opinion, 
which gave 231 cubic inches, and with which, in fact, the gallons in 
common use agreed, as was proved by the measurements of Oughtred, 
Gunter, Briggs, and others. 2, The customary standard at the 
Guildhall, which, though not a legal standard, was considered as such, 
even by the law-officers of the crown, and which, though in reality 
only 224 cubic inches, was always taken to be 231 inches. 3, The real 

* We do not believe the story of Henry I, ordering that the yard should be 
of the length of his arm, 

+ A-silver penny, 


legal standard, preserved at the Treasury, containing 282 cubic inches. — 
Oughtred says that the difference between the ale and wine ns is, 
“that because of the frothing of the ale or beer, the quantity e 
lesse, and therefore such liquors as did not so yield froth, as wine, oyle, 
and the like, should in reason have a measure.” The of 
one of the Committees states that the wine gallon had been i 

inking in pene wee it was arrested at 231 cubic i a 
fiscal * definition. That 


was tried in the Exchequer against one Barker, for having imported 

more of Alicant wine than he paid duty for, On the of the 

crown it was contended that the sealed gallon at Guil (said to 

contain 231 cubie inches) was the standard. But the nts 

appealed to the law which sequized that a standard gallon should be 
v 


of the oldest persons in the trade, that the butts and h 

came from Spain had always contained the proper num! al 
standard gallons. A juror was withdrawn, and the law-officers of the 
crown 


merchants in one icular trade continued to im pay 
by the real gallon, and were finally called to account by the attorney- 
general, who, in common with the rest of the world, had forgotten 


what the real gallon was, and sued for penalties upon appeal to what 
was no more a legal standard than the measure in a private shop. 

There is something curious about the history of the gras 
[GaLLon] mentioned by Ward, who was an eye-witness, and wrote just 
after the statute of Anne, when his account could dono harm. TI 
gallon was found to be 224 (Wollaston afterwards found it to be 224-4) 
cubic inches, that is, the sealed gallon at Guildhall ; but, “for several 
reasons, it was at that time thought convenient to continue the former 
supposed content of 231 cubic inches.” This means, as explained by 
the Committee of 1758, that the Lords of the direct an 
authority to be drawn for gauging ing to the Guildhall gallon ; 
the merchants immediately petition to be allowed to sell as they were 
gauged ; the commissioners of customs do not follow the order (which 
however it does not appear was ever signed) ; and when the Lords 
the take the attorney-general’s opinion upon it, 
recommended to make no change: “ For if the usage of 
departed from, he knows not where we shall be, because 
be had to the Exchequer for a standard to which almost all 
statutes refer ; for there is none there but what the king will be vastly 
a loser by.” > 

The old division of the gallon into that of wine m 
beer measure, and dry + measure, was not only unknown to the law, 
but even to the writers on arithmetic, till the beginning of the 17th 
cent Nor when Briggs, Oughtred, &c. measured the gallons, did 
ivide them into more two kinds—for ale and wine, 
Oughtred, who measured pecks, bushels, &c., 


—* Now as to Mr. Oughtred’s ale ~_ of 272} inches, the said Mr, 
Reynolds” (John Reynolds, a clerk in the Mint, often referred to by 
Wyberd as a mathematician and experimenter) ‘‘indeed alloweth of 
such a Gallon measure, but not for any liquid thing, but for drie 
things, as Corne, Coals, Salt, and other dry things measurable by this 
kind of Measure, and so calleth it the drie Gallon measure : and there- 
upon he wil have to be 3 severall Gallons (or other like Measures), one 
for Wines (which also serveth for oiles, strong-waters, and the like), 
another for Ale and Beer, and a third for Corne, Coales, and the like.” 
Wypberd, rejecting the distinction of the dry and ale gallons, made his — 
wine and ale gallons to be 224 and 266 cubic inches, by a series of 
carefully conducted experiments : it is singular that a good experi- 
menter, with access to existing standards, and as good an experimenter 

* We were wrong, we believe, in stating in Gatton that the wine gallon 
was determined by statutes of 1689 and 1697; these’related to the other gallons, 
But there is singular confusion in the Reports of the Committee, which nothing 
but a new search into the actual statutes will remove. 

+ We do not mean that there was no distinction between liquid and dry 
measure, but that there was no distinction between the gallons of those measures, 
Thus Mellis, in the arithmetic appended to his treatise on book-keeping (1588), 
very distinctly separates the liquid and dry measures, but uses only one gallon, 
namely that of which the pint is one pound. It may be worth while to add 
that the mile of 1760 yards is mentioned by this writer four years before it 
became the statute mile, 

The preface to the ‘ Pathway of Knowledge,’ already cited, makes no distinc- 
tion between the ale and wine gallon ; it says that the wine gallon is the same 
as that of ale, and contains eight pounds of wine; it also makes the corn gallon 
contain eight pounds of wheat, 
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~ to suggest something like the actual truth, should not. have been able 
to find out the mere existence of the largest or ale gallon, and it shows 
the extreme confusion in which the subject was then enveloped. 

There has been in various quarters a disposition to suppose that the 
varieties of arose from the varieties of pounds, since the original 
definition of the gallon depended upon the pound. This we think 

exceedingly li : we do not imagine that it was done of set pur- 

pose, but only by confounding one species of pound with the other, in 
_ the way of common mistake. There is among most antiquarians a 
perverse unwillingness to admit human frailty among the explanations 
of the phenomena of former times, which has caused many an hour to 
be thrown away in trying to reconcile the Greek musical scales [TeTRa- 
cHoRD], and many more in finding out for the rude forefathers of all 
kinds of nations an accurate and self-consistent system of weights and 
measures. Though even in our day,a learned body,* legislating for 
educated men, after declaring in one ph that none but troy 
weight is to be used, has introduced ee upois weight oe Ay 
next paragraph,—we never permit ourselves to suppose t such a 
thing could have taken place in the reign of Henry VIII. or Elizabeth. 
Now it certainly does happen that there is a close relation not only 
between the old gallons and the weights, but even between the different 
versions of the old gallons and the weights. There was a gallon of 282 
cubic inches, in the Exchequer as a standard ; there was one of 2724 
inches, in common use; there was one of 231 inches, in common use ; 
and there was one of 224 inches, in the Guildhall. Now 282 and 232 
are, as near as integers will show it, in the proportion of the pound 
averdupois to the pound troy, and 272} and 224 are as nearly in the 
same proportion. It is unlikely that this should have been accidental. 

Common usage, in the 16th century, made more distinctions of 
measures than have lasted. The editor of the ‘ Pathway of Knowledge’ 
gives four sorts of ds as in use: the Tower pound (; ly men- 
tioned in Troy), the troy and-“‘ haberdepoys,” the subtill, and the 
foyle. The word sutill was not the one mentioned in Targ, at least 
one would suppose so; let the reader try to understand it himself :— 
“ The subtill, so tearmed for that in in small quantitie it may 
bee made ratable to represent anye other greater waight whatsoever, as 
foure penny waight troy, or less to answere in due proportion unto the 
whole pound Troye, with all his parts, every parte sensible and seve- 

to be handled. This waight is private, to assaye Maisters and 

as can make triall of minerals, and not knowne to many other, 
neither is there any use thereof, in ordinarie ee This seems 
to mean that any small piece, such as an assayer would cut off for trial, 
was made to represent a pound, and the fineness expressed in ounces 
of that small pound would of course represent that of the actual pound. 
The pound foyle was less than the pound troy by its fifth part, and was 
used for gold foil and for wire, and for pearls. In the two former cases 
it ott tne Boar that the workman paid himself for labour and loss 
by selling -fifths of a pound of wire or foil at the price of a pound of 
bullion. many varieties of measure arise in this way, namely, 
by not the price ofa given amount, but the amount of a given 
name at a given price. A wholesale bookseller now says that he sells 
25 as 24, meaning that he who buys two dozen shall have one more; 
but in the 16th century, had this usage existed, it would have been put 
down that two dozen of books are twenty-five. 

It is needless to give an account of the old standards of weight 
mentioned by the committee of 1758, as many.of them are lost; a 
much greater agreement was found to exist between those made at 
various times than was observed in regard to the standards of capacity, 
The origin and history of the different weights is alluded to in AvER- 
pupois and Troy; of the standards le in WEIGHTS AND 
Measures, Stanparp, in which last article will be found an account 
probably distant when tho English publi shall enjoy the advantage of 

iy di w ish public enjoy the advan’ of 
a uniform decimal system of weights and measures—the only one which 
is sure of stability. An opi is gaining ground that the best method 
of ultimately attaining this end is ing with the coinage, and 
this was recommmended by the commissioners who rted on the sub- 
ject. [WeicuTs anp Measures, Sranparp.] Nothing, as it fortu- 
nately happens, can be easier than this : the introduction of 
coins of two shillings each, in place of the half-crown, might be followed 
by that of coins of twopence-halfpenny each, without requiring any alter- 
ation in the habits or calculations of any one. It is the ad of this 
proposition that the two new coins might be learnt as parts of the old 
system, before the subsequent alteration of the copper is made, As soon 
SERIE cae, oe ik cestinans thah hboeoi anne een 
) coinage, or enactment that hal, shall 
for the silver shilling, is the whole step requisite to com ete the seins 
and the pound will then consist of ten two-shilling coins (under their pro- 
per name), the two-shilling coin of ten twopence-hal/penny coins(also under 
their proper name), and the twopence-halfpenny of ten farthings as at 
- present, As soon as this change is made, and the convenience of its 
arithmetic found by experience, it will not be long before there is a 
demand for the extension of the principle to weights and measures, 
And it would be well if those who endeavour to bring about a reform 


* We allude to the College of Physicians, in the matter of the fluid apothe- 
caries’ measure, presently mentioned, The mistake was exceedingly natural, 
almost inevitable, but it shows what extreme care is necessary, 


in this matter would remember that change of coinage is the only 
change which a government can immediately command—that for one 
calculation which is made upon goods, hundreds are made upon money 
—and that, if the small alteration which is required to make the 
coinage * purely decimal cannot be attained, there is little chance of 
the more extensive changes which the weights and measures will 
require. 

We now describe the English weights and measures as they stood on 
the last day of the year 1825, immediately before the introduction by 
law of the imperial measures, with some remarks on their states at 
different times. As it is not to such an article as the present that the 
young arithmetician will refer, it will not be necessary to give more 
than a condensed set of tables. For the modern continental measures 
which follow, we have to acknowledge great assistance from Dr. Kelly’s 
‘ Cambist,’ the standard work on the subject. 

Troy Weight.—This weight is said to have always been the standard 
weight of the country: on this assertion we have some doubts; but 
this is not the place to enter on them at length. The pound is 12 
ounces; the ounce is 20 pennyweights; the pennyweight is 24 grains. 
The pound is 5760 grains. There is but one grain in use, whether troy 
or averdupois, and a cubic inch of pure water is 252°458 grains (baro- 
meter 30 inches, thermometer 62° Fahr.). A cubic foot of water is 
75°7374 pounds troy. Wheat and bread were once measured by this 
weight, but latterly only gold and silver. It is usual to say that pre- 
cious stones are also measured by troy weight; but, as may be 
su} , the measure of these is the grain. The diamond is measured 
by carats of 1514 to the ounce troy; so that the carat is 3} grains, very 
nearly. In pearls, the old foil measure already noticed still exists ; for 
the pearl grain is one-fifth less than the troy grain. In the 17th 
century the goldsmiths divided the ounce troy into 24 carats of four 
grains each for gold and silver: so that the pound troy contained 1152 
gold-carat grains. They also divided the ounce into 150 carats of four 
grains each, for diamonds; so the pound troy contained 7200 diamond- 
carat grains. But now the Carat has only the sense noted under that 
word, for gold and silver; and is altered as above for diamonds. 

According to the old statutes, the pound troy is 7680 grains; for 
32 grains are to make a pennyweight, 20 pennyweights an ounce, 12 
ounces a pound, It is not known when or why the pennyweight was 
first made 24 grains. In some old books a grain is 20 mites, a mite 
24 droites, a droite 20 peroites, and a peroite 24 blanks. This division 
of the grain into 230,400 parts must of course have been book-learning : 
it is said to have been confined to the moneyers. 

In Swallow’s Almanac for 1673, we find the troy weight given as for 
“ pearls, precious stones, gold, silver, bread, and all manner of corn and 
grain ; and this weight the apothecaries ought to use.” 

Apothecaries’ Weight.—In dispensing medicines, the pound troy (Does 
that weight ever occur in prescriptions ?) is divided into 12 ounces, the 
ounce into 8 drams, the dram into 3 scruples; consequently each 
scruple is 20 grains. But in buying and selling medicines wholesale, 
averdupois weight is and always has been used. The ‘ Pathway,’ so 
often cited (1596), says, “all physicall drugges” were weighed by aver- 
dupois, and Jeake (1674) says that “many ” (only many) of the “ physical 
doses” are weighed by what we now call apothecaries’ weight. The 
fact seems to be that in the first instance the more precious drugs, as 
musk, were weighed by troy weight, in the same manner as the more 
sie metals; and that the common medicines were dispensed by 

ions of what was then the common pound, as we shall see under 
the next head. 

Apothecaries’ fluid measure.—In 1836, in the new edition of the 
* Pharmacopeeia,’ the College of Physicians prescribed the use of the 
following measure :—60 minims make a fluid dram; 8 fluid drams a 
fluid ounce ; 20 fluid ounces a pint. For water this is actual weight 
as well as measure, since the imperial pint t is 20 ounces averdupois of 
water; but for other liquids the fluid ounce § must merely be con- 
sidered as a name given to the 20th part of a pint. The minim of 
water is as nearly as possible the natural drop ; but not of other sub- 
stances, the drops of which vary with their several tenacities. 

According to Dr. Young (who has reduced them from Vega), the 
apothecaries’ grains used in different countries are as follows :—1000 

nglish grains make 1125 Austrian, 956 Bernese, 981 French, 850 
Genoese, 958 German, 978 Hanoverian, 989 Dutch, 860 Neapolitan, 


* We leave these remarks as they stood in the ‘ Penny Cyclopedia,’ without 
any allusion to recent discussions. 

t+ Cocker, Wingate, &c,, say that a pennyweight is 32 real grains, and 2 
artificial grains. 

} The old pint was more nearly a pound, and some of our readers will 
remember the old saying,— 

“A pint’s a 
All the world round.” 


The second line of this was certainly not true, and the first only approximately. 
But under the imperial system the following, which is literally true, may be 
substituted,— 
“A pint of pure water 
Weighs a pound and a quarter.” 


§ It is not noted in the ‘Pharmacopoia’ that the fluid ounce, when it is an 
ounce, is an ounce averdupois: a preceding sentence in that work implies that 
medical men are never to use anything but troy weight. 


a 
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824 Piedmontese, 864 Portuguese, 909 Roman, 925 Spanish, 955 
Swedish, 809 Venetian. 

The recent alterations in the government of the medical profession 
have produced proposals to alter the method of weighing medicines. 
A committee of the General Council of Medical Education has given a 
recommendation to the following effect. The pound averdupois is to 
have its ounce divided into drachms, scruples, and grains, as in the 
present ry~ Beem: To effect this,a new grain is invented, being 
“91145 of present grain : and the pound is to be 7680 grains, as of 
aid. What purpose eia‘ehenes can answer, or, supposing a purpose, 
now it can bring benefit enough to counterbalance the alteration of the 
grain in which all doses are now remembered, and all prescriptions 
written, we cannot imagine. 

ory Ep weight,—The pound is 16 ounces, and the ounce 16 
drams : the modern pound is 7000 grains (the same as the troy grains); 
whence the dram is 27 grains and 11-32nds of a grain. The ieadead. 
weight is 112 pounds, and.the ton 20 hundredweight. The cubic foot 
of water is 62°3210606 pounds averdupois. The stone * is the 8th part 
of the hundredweight, or 14 pounds, The ton of shipping is nota 
weight, but a measure, 42 cubic feet, holding 24 hundredweight of sea- 
water. In tle oldest mentions which are made of haberdupois or avers 
dupois, the word is not applied to weight, but to goods weighed. A 
charter of Edward I. speaks, “de averis ponderis, et de aliis rebus 
subtilibus ;" and no mention is made of averdupois weight before the 
time of Henry VIII. Wingate (quoting Gerard Malynes, whose ‘ Lex 
Mercatoria’ was published in 1636) says that it serves to weigh “ all 
kind of grocery ware, as also butter, cheese, flesh, tallow, wax, and 
every other thing which beareth the name of garbel, and whereof 
issueth a refuse or waste.” To which the almanac of 1673, alread 
prey adds, “and therefore 112 lbs. averd. is called a basdied: 
weight.” 

The old merchants’ pound, which was 15 ounces [Troy], may have 
been the origin of the modern averdupois pound. Fleta says every- 
thing was weighed by it except gold, silver, and drugs; but it is to be 
remembered that this does not mean that gold and silver were weighed 

troy weight; for it is well known that, until a change was made by 

VILL in 1527, gold and silver were weighed by the Tower 


of 11} ounces. The modern averdupois pound is 14 ounces, 
12 pennyweights, all but 8 grains troy. The standards of Elizabeth 
agree tolerably well with this; but it is to be noticed that, unless we 


suppose two averdupois pounds, one ancient and one modern, there is 
much reason to doubt whether the averdupois pound was uniform. 
Dr. Kelly says, “ The old commercial weight of England, which is still 
retained in Scotland, is about one-twelfth heavier than ayerdupois, the 
und being 7600 grains troy ....this has been long the weight in 
d by which the assize + of bread is fixed.” Our suspicion is 
this, that the old commercial pound, probably differing in different 
places, though supposed to be uniform, gradually gained the name of 
averdupois ; and that the standards deposited in the Exchequer in the 
time of Elizabeth, which certainly do not agree with the arithmetical 
writers of the same date, were probably derived either from this old 
merchants’ pound of 15 ounces troy, or from a selection out of the 
varying specimens of a pound derived from it, In the ‘ Pathway’ the 
“ pound haberdupois is parted into 16 ounces, every ounce 8 dragmes, 
every dragme 3 scruples, every scruple 20 grains ;"" giving 7680 grains 
to the pound. This is the probable origin of the old pound which 
Dr. Kelly mentions, and it happens to contain precisely the same 
number of grains as the old statute t pound before 32 grains took the 
place of 24 in the pennyweight. And this shows the origin of apothe- 
caries’ weight: medicines were di by this old subdivision of the 
ergs and continued to be so after the pound of Elizabeth's standard 
supplanted the old one. It was then natural that this ounce, 
drachm, and scruple, which were no aliquot parts of the new averdupois 
pound, but which were aliquot parts of the pound troy, should be 
referred by arithmeticians to the latter. Sir Jonas Moore, who had 
been surveyor-general of the Ordnance, and could hardly have failed to 
be correctly informed, gives the same pound and subdivisions. Moore's 
‘ Arithmetic’ was first published in 1650. Jeake, as lateas 1674, gives 
the same division and the same pound of 7680 grains; and Harris, as 
late as 1716, does the same in the third edition of the ‘ Lexicon Techni- 
cum.’ Jeake gives several citations tending to show that there was no 
universal agreement about the pound averdupois. Dalton (the lawyer) 
and Malynes, he says, agree in making 56 lbs. averd. equal to 674 lbs. 
troy (or 69429 ae to the pound averd.), but both afterwards put 
68 for 674 (which gives 69949 grains), Others, he continues, 
the pound averdupois to be 14 ounces 12 pennyweights troy (giving 


* There were a great many different stone weights: every one but that of 
14 pounds is now illegal. 

+ Abolished in 1815. 

I This circumstance and others may lead to the cuspicion that the pound of 
which we now speak (being that which was called averdupois in the 16th 
century) was in reality the old standard. In 1750 Mr, Reynardson published 
a pamphlet, asserting that the common averdupois pound was the ancient 
standard, on other grounds, 

§ The writers of books might invent a pound for this measure, because 

are not dispensed by pounds, just as they might coin billions, tril- 
lions, &c. (Numenatiow), those numbers being never used. But the druggists 
continued to buy and sell wholesale by averdupois weight, 


7008 grains). The older writers hardly mention averdupois pes 
Recorde not at all; Mellis slightly, not subdividing the ounce. 
well, an editor of Recorde (1648), mentions this pound of 16 ounces 
and 7680 grains, divided as above, and says it is used by 
Oughtred, mentioning Ghetaldi’s pound of 6912 grains, compares it 
only with the English troy pound, without mention of any other, All 
this shows that, at the beginning of the 17th century, there was a 
complete want of as to what constituted averdupois weight, 
which continued in some degree till the end. Nevertheless in the 
middle of the century, Wyberd, who measured for himself, and his 
friend Reynolds (before mentioned), assert that the averdupois pound 
is to the troy as 17 to 14 (which gives 69949 grains, with 
Dalton and Malynes), though they say that the then common notion 
was that the ratio was 73 to 60 (which gives 7008 grains). Moxon 
(1679) gives as much as 7680 grains. Ward says that, by a very nice 
experiment, he found 69994 grains. Arbuthnot, apparently meaning 
to cite Greaves, but we cannot find the place, gives the ratio 175 to 
144, or 6890§ grains. Down to the statute of Geo. IV., the averdupois 
pound varied a little, according to the notion of the writer: Dilworth 
makes it 69994 grains; Dr. Robert Smith, 7000 grains; yeastle, 
699933 grains. And even since that act came into operation, which 
declares “that seven thousand such grains shall be, and they are 
hereby declared to be, a pound avoirdupois,” an editor of the last-named 
writer will not obey the statute, but adds the 123rd part of a 
3 fects ures Ed gerde # pele, pecths" or ont, ageless Aan 
eet a 54 yards a pole, * or poles a i 
furlongs (1760 yards) a mile, "Also 24 inches are a nail, 3 quartersof 
a yard a Flemish ell, 5 quarters an English ell, 6 quarters a French 
ell. A pace is 2 steps, or 5 feet; a fathom is 6 feet. The cHary is 22 
yates or 100 links: 10 chains make a furlong, and 80 chains a mile. 
he barleycorn is now disused, and the inch is sometimes divided into 


12 lines (as in France), but oftener into tenths or ei On our 
older itinerary measures, see League and Mine. yard is fre- 
quently called an ell in old books; commonly, Recorde Mellis 


says. 
says that both the yard and the ell were divided each into 16 nails. 
A goad is an old name for a yard anda half. The hand (anciently 
handful), used in measuring the height of horses, is fixed at 4 inches by 
27 Henry VIIL., cap.6. The furlong is probably a corruption of forty- 
long, from its forty poles: the old derivation, wlong, as long as a 
furrow, seems to us to carry absurdity on the face of it. The 
logists of measures are not always fortunate; Verstegan derives 
weight from Troynovant,t the mythological name for London; and 
Jeake will have averdupois to be overdupois, because the pound is 
greater than in troy weight ; while Moxon says the word means “ Have 
re ea, < A perch is 30} yards; 40 

Square Measure.—A square is square 3 40 square 
Foe are a rood (formerly also farthendele), 4 roodsarean acre. The 
acre is also ten square chains, or 4840 square yards. Four square 
perches were anciently called a day’s work. The rood} is the same 
word as rod: Mellis says four reds makean acre. The old terms which 
have come down from ‘Domesday Book’ at latest, the hide, plow- 
land, carucate, and oxgang, are wholly unsettled as to what magnitudes 
they meant. 

The cubic measures, or measures of capacity, do not immediately 
depend upon the cubic foot, except in the case of timber, Forty 
cubic feet of rough timber, or fifty feet of hewn timber, make a load. 

The preceding measures have been untouched by the act which 
introduced the imperial measures, The old measures of capacity, the 
wine measure, ale and beer measure, and the dry measure, are now 
replaced by the imperial measure, q 

Old Dry or Corn Measure —The gallon is 268°6 cubic inches. Two 
pints make a quart, 2 quarts a pottle, 2 pottles a gallon, 2 gallonsa __ 
peck, 4 pecks a bushel, 2 bushels a strike, 2 strikes a comb or coomb, — 
2 coombs a quarter (eight bushels), 5 ery a wey or load, and 2 — 
weys a last. In measuring grain, the is struck, that is, the 
part which more than fills the measure is scraped off. Most other 
goods were sold by heaped measure, or as much as could be laid on 
the top of the measure was added. This heaped measure (which 
supposed to give about a third more than the other) was 
allowed in the imperial m, but has since been abolished. 
which must now be i by 
Three bushels make a sack,§ three sacks a vat, and four vats a 
chaldron. 


h. 
3 Mr. Davies Gilbert, in his evidence before the committee on weights and 
measures, declared for this derivation. Lord Swinton derives it from trois, 
three ; observing that the money and the money weight have three denomina- — 
tions each—penny, shilling, pound; and pennyweight, ounce, pound. i 

J] Rod or rood merely means a piece of wood much longer than it is broad or 

thick, So the word rood was frequently used for the cross; and when Milton 
says that Satan “ lay floating many a rood,” he is taking the length of his hero, — 
and not the ground which he covered. 

In 1596 the sack was four bushels. P 

Moore makes six quarters, and Ward ten, in @ wey, — 
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legal standards. 
Measure—The gallon contains 231 cubic inches. Four 
pint, 2 pints a quart, 4 quarts a gallon, 18 gallonsa 
barrel, 42 gallons a tierce, 63 gallons a hogs- 
2 tierces a puncheon, 2 hogsheads a pipe or butt,t 2 pipes a 
But the pipes of foreign wine depend more on the measures 
different countries than on the above. The rundlet and 


pottle (of two quarts) formerly existed. The anker of brandy, a 
foreign measure of comparatively recent introduction into England, 


ten 
Old Ale Beer Measure.—One gallon contains 282 reget on 
Two pints make a quart, 4 quarts a gallon, 9 gallons a firkin, 2 firkins 
a kildorkin, 2 kilderkins a barrel, 1f barrel ob 2 hogsheads 
Up to the year 1803, when the two measures 
by statute, this was the beer measure, and the 
ale measure only differed from it in that 8 gallons made a firkin. 
Nothing above a barrel is mentioned in the oldest tables, and the 
— (two quarts) is introduced. Two tuns were sometimes called 


stones a tod, 64 tods a wey, 2 weys a 
‘ Pathway ’ points out the of the word cloves : 
* claves or nails,” It is to 


the score, are the only denominations not immediatel: 
the common system of numeration, cowie ga as received ; 
in all cases, by a dozen, a score, a hundred, a tho , &e., were 


erm ma usually made upon taking quantities 


i 
i 
q 
- 


glass. 
vinegar, 
applied only to half-tuns of 


fF 
sB 
a 
ef 
Hi 


5 


reader would look in vain for any notice of this in books of arithmetic. 
the statute was not attended to, The distinction of the ale and beer 
said by Ward to have existed only in London, an average firkin of 
enacted for all other parts of England by the statute of 
But it does not follow, in matters of weight and measure, 
was actually produced merely b there was an Act of 


i 
i 
4 


any change 
Parliament for it. 

|| It was abolished in Scotland two centuries ago, and re-enacted by neglect 
in the act of 1825. But the re-enactment did not obtain for it the slightest 


4 


roduction, according to M‘Culloch. 

{| According to the old adage, the hundred was— 

{* Five score of men, money, and pins, 
Six score of all other things,” 


120 than 100, the thousand generally ten hundred. Ten thousand was 
frequently called a last; and it is to be observed that the word last 
was frequently (almost usually) applied to the highest measure of one 
given kind. The shovk was always 60; the dicar, or dicker, always 10, 
as the name imports. In measuring paper (1594), the quire was 25 
sheets, the ream 20 quires, and the bale 10 reams: By 1650 the prac- 
tice of reckoning 24 sheets to the quire (now universal) had been intro- 
duced as to some sorts of paper. The memory may be assisted by the 
hrase that a quire is the shilling of a ream, and a sheet is its halfpenny. 
fish, as those were called which were allowed to be sold by tale, 
were (22 Edw. IV., cap. 2) such as measured from the bone of the fin 
to the third joint of the tail 16 inches at least. 

It is impossible for us to deseribe the various weights, measures, &c., 
which have found their way into use in the various counties. Dr. 
Young collected a list, which is printed in the second Report of the 
Commissioners on Weights and Measures (1820), to which we must 
refer for the various local barrels, bushels, hundreds, &c., and also for 
the awm, bag, bale, basket, bat, bay, beatment, billet, bind, bing, boll, 
bolt, bolting, bottle, bout, box, bucket, bunch, bundle, burden, cabot, 
cade, canter, caroteel, carriage, cart, cartload, case, cast, cheef, chest, 
clue, cord, corf, cran, cranock, cut, , eyvelin, daugh, dish, dole, 
drop, dupper, erw, faggot, fall, fan, fodder, fotmal, frazil, garb, 


, web, weight, and windle. 

The old Scottish measures vary even more in the different counties 
than the English. The standard foot was 12°0194 English inches, 
8 feet 1 inch make an ell, 6 ells a fall, 40 falls a furlong, and 8 furlongs 
a mile (19764 yards). Again, 40 square falls make a rood, and 4 roods 
an acre, Hence the measures of | and surface are so connected 
that the Scottish land-chain is the 80th part of a mile, and its square 
the 10th part of an acre. 

In Scotland, the English troy and averdupois weight obtained an 
early introduction, and were used with the Scottish troy weight, called 
also Dutch weight, and with the tron weight. The Dutch weight is as 
follows :—A drop is 29°722 English troy grains, 16 drops are an ounce, 
16 ounces a pound (7608°95 grains), and 16 pounds a stone. This pound 
coincides with the old English pound already mentioned, very nearly. 
In the tron weight the divisions are as before; but the drop is 37°588 

ish troy grains, and the pound 9622°67 of the same. ¢ 

Scottish liquid gallon was 833°6272 English cubic inches. Four 
gills made a mutchkin, 2 mutchkins a chopin, 2 chopins a pint, and 
8 pints a gallon. The Scottish pint was therefore 3 English pints very 
nearly, They had only one liquid measure, but they had two dry 
measures; the first for wheat, peas, beans, &c.; the second for barley 
and oats. In the first the peck contained 553°581 English cubic 
inches. Four lippies made a peck, 4 pecks a firlot, 4 firlots a boll, and 
16 bolls a chalder. The second measure was divided in the same way, 
but the peck was 807'576 English cubic inches.* 

On the Irish measures, previous to the introduction of the imperi 
system, there is nothing to remark, except that the coal bushel con- 
tained 10 English corn gallons, the lime bushel 8, the malt+ gallon 
2724 cubic inches, and the liquid gallon 217°6 cubic inches. The pole 
was 7 yards, which made the mile equal to an English mile and three- 
elevenths, and the acre greater than the English acre in the proportion 
of 121 to 196. 

We have not space to enter into the ancient history of French 
measures, for which the reader} may consult Paucton’s ‘ Métrologie,’ 


And the real hundred, ten tens, was the /itt/e hundred ; as in the old rhyme— 


** One’s none, 
Two’s some, 
Three’s a many, 
Four’s a vy, 
Five’s a little hundred” [score understood]. 


* Our authority for the Scottish measures is ‘Tables for converting the 
weights and measures hitherto in use in Great Britain into those of the Imperial 
Standards, &c,, also abstracts of the jury verdicts throughout Scotland,’ &c., by 
George Buchanan, Civil Engineer, Edinburgh, 1829. This work is as complete 
as a work can be: the reader may compare it with ‘A proposal for the 
Uniformity of Weights and Measures in Scotland,’ &c., second edition, Edin- 
burgh, 1789. 

+ This was the old Winchester gallon, already mentioned. 

{ On this work, that of Romé de L’Isle (1789) and the anonymous ‘ Mé¢tro- 
logies Constitutionelles et Primitives’ (1801), it may be observed that they are 
all vitiated by the ption that a yery accurate knowledge of the earth’s 
diameter angiently existed, from which all weights and measures, even those 
anterior to Greek and Roman times, were derived. Greaves had led the way 
by finding out English weights and measures from the Egyptian pyramid, All 

ticular pursuits have their peculiarities: that of the metrologists has been 
Ie imagine some grand qnd mysterious connection between existing measures 


WEIGHTS AND MEASURES. 


WEIGHTS AND MEASURES. — 


Paris, 1780. On the measurement of the earth on which the metre 


depends, see TriconomeTaica, Survey. The system of measures 
derived from this was introd in 1795 (by the 
law of 18 G 


inal, An LIL, or, to speak intelligibly, March, 1795): 
not that the survey was then com; but because, in the hurry to 
get rid of the old system, it was deci to introduce a “ métre pro- 
visoire " obtained from the existing The definitive metrical 
system was introduced in 1799, but it was found impossible to drive 
out the old subdivisions ; accordingly, in 1812, the “systéme usuel.” 
as it was called, was allowed* to be engrafted upon the metrical system; 
in which the measures, &c., were taken from the metrical system, but 
with the ancient subdivisions adapted to them, Even this was very 
far from entirely driving out the old system. In 1837 a law was 
ordaining that from and after the 1st of January, 1840, no other 
weights nor measures should be used except those of the pure metrical 
system, and this law seems to have been effective. In the ancient 
nch system the pied de Roi was 12°7892 English inches, the aune 
(at Paris) 46°85 of the same. The toise was 6 feet. For the gual 
measures see Mite. The arpent d'ordonnance was 1 acre, 1 F 
2 perches (English); the arpent commun 1 acre, 7 perches, the arpent 
de Paris 3 roods, 15 , English. The acre de Normandie was 
2 acres, 2 perches, English. For measuring liquids, the pinte was less 
than the English quart by its 61st part. Two boissons made a demi- 
setier, 2 demisetiers a chopine, 2 chopines a pinte, 2 pintes a quarte, 
4 quartes a setier, 36 setiers a muid (70°8 English gallons). For grain, 
16 litrons made a boisseau, 3 boisseaux a minot, 2 minots a mine, 
2 mines a setier, 12 setiers a muid. The minot was 1°108 English 
bushels. The principal weight, called poids de mare, was the livre of 
9216 French grains, or 7555 English grains; 72 grains made one gros, 
8 gros an ounce, 8 ounces a marc, 2 mares a livre. The apothecaries 
divided the ounce into 2 duelles, the duelle into 4 sciliques, and also 
into 6 sextules and into 8 drachms, the drachm into 8 scruples, and 
therefore the scruple into 12 grains, 5 
The new system is called metrical, as derived from the measurement 
of the earth. Its first measure, the metre, is presumed to be the 
ten-millionth part of a line drawn from the pole to the equator, and is 
39°37079 English inches. All the multiples and subdivisions of every 
measure are decimal, and are formed by the same prefixes. For 10, 
100, 1000, and 10,000, the syllables Deca, Hecto, Kilo, and Myria are 
prefixed ; and for tenths, hundredths, thousandths, the syllables Deci, 
Centi, Milli, Latint prefixes indicate division, Greek prefixes multi- 
plication. Thus the hectometre is 100 metres, and the centimetre 
the hundredth part of a metre. The metre being thus settled, the other 
fundamental measures are formed as follows :—For surface-or area, the 
Are, which is a decametre square, or 100 square metres, or 02471143 
of an —— acre, or 3°9538 English perches. 
For solidity, the stere, or cubic meter, 35°32 cubic feet English, or 
220°09687 imperial gallons English. 
For liquid measures, the litre, or cubic decimetre, ‘22009687 of an 
imperial gallon, or a very little more than a pint and three-quarters 
Engli 


or weight, the gramme, a cubic centimetre of distilled water at the 
freezing-point, Sage of an E 2 ase averdupois, or 15°442 
grains} English. e kilogramme is fore 22 pounds averdupois, 
or, roughly, 50 kilogrammes make a hundredweight. The franc, the 


unit of x. is divided into 10 decimes, and each decime into 10 
centimes. sous is therefore 5 centimes. The advan of the 
whole , when established, is so great, that all who are fully aware 


of it, long for the introduction of a similar one into our own country. 
A Frenchman, when told that a kilogramme costs 253 francs 74 cen- 
times, sees at once that a gramme costs 25 centimes and Ajtths of a 
centime, An Englishman, wauting to know the price of an ounce when 
a hundredweight costs 253/. 14s. 10d., must go through the whole of 


the following process :— 
i773. 2531, 14s, 10d. 
_8 _20 
896 1792)5074(2 
2 3584 
179 1490 
12 
1792)17890(10 


to get 2s, 10d. the answer. 
systéme usnel, now abolished, was as follows, the divisions bei 
those of the old system. The toise was 2 metres, and the foot its si 


The aune was 3 feet oe Sena English. The boisseau was one- : 


part. 
eighth of the hectolitre : the litron was 1074 Paris pintes, The livre 
was 500 grammes. The arpent was that of the old system. 

It is not in our limits to give a complete list of the weights and 


and a body of science which they say has been forgotten, but which they have 
never shown to have had existence, 

* In 1816 it was enforced, decimal division being probibited in retail business, 

+ The Latin prefixes suit the French language well enough : the Greck ones 
are incongruous and unsightly. Nor has the system been kept to entirely; the 
centigrade thermometer ought to have been hectograde, 

} Dr. Kelly (‘ Cambist,’ 1, 141) makes it 15°434 grains, for which he gives 
reasons. 


measures of foreign* countries. We have selected accordinglyanum- 
aaa from the smaller works on sum 


Vienna mare of 4333 grai 
the metzen is 1°691 els, i ‘ 
is 12°45 inches : the ell, 30°66 inches. The joch is 1 acre, 1 rood, 28 — 


perches, 7. 
Bavaria.—The Augsburg 3643 ; ‘ 
weight is 25]b. averdupois; and 241b. carriers’ weight i ‘& 
dupois, nearly. The metzen is 1°515 bushels ; the fuder (is snd) i t 

31°24 bushels, The foot (half the short ell) is 11667 4 
long ell is 24 inches. ie 

Bremen.—For gold and silver, as at Hamburg. The commercial 

und is 1098 pounds averdnpois. The last is 78°217 bushels. The 

is 31:562 gallons, The foot, or half-ell, is 11°38 inches. 7 

wirecagy ahead in owes the weights es measures of the ie _ 
country, except where ve passed u other governments,in 

which sano fare ls tindilis's talshors Ghia tao se te 

Constantinople. —The chequee is 4957 grains. The oke is 2°832 _ 
pounds averdupois. The killow (dry) is 7°296 gallons. The almud is — 
1:150 gallons, The pike is 27 inches. The measures of Turkey are 
very imperfectly known. ! 

nmark.—The pound for gold and silver is 7266 The — 
commercial pound is 1°1028 pounds averdupois. The barrel is 3°8264 
bushels. The viertel is 1-701 ns. The foot, or hali-ell, is the 
cree: foot of 12°356 ish inches, The toende of corn is 
54 acres. r : 

Florence and Leghorn.—The cantaro is 150 pounds of *74864 pounds 
averdupois each, The stajo is *6702 rare The barile is 1 
praca The braccio is 22°98 English inches, The saccata is 1 

6 es, 
‘ort.—For gold and silver, the Cologne mare. The common 
pound is 1°03 pounds averdupois. The centner is 112'25 pounds 
dupois. The malter is 2°9705 bushels, The ohm is 32°454 gallons. 
The foot is 11°27 inches; the ell, 21°24 inches. 

Geneva,—The mark is 8785 grains. The poids is 1:214 pounds 
averdupois; the poids foible one-sixth less. The coupe is 21:361 
bushels. The setier is 99°53 gallons. The foot is 192 inches, The 
acre is 1 acre, 1 rood, 4 perches, 

Genoa.—The pound sottile for gold and silver is 48915 grains, The 
— grosso is ‘76875 pounds averdupois. The mina is 3°321 bushels. 

mezzarola is 32°57 gallons. The palmo is 9°725 inches, 

Hamburg.—The Cologne mare is 3608 The pound cr, 2 
two mares. The commercial pound is 1°068 pounds averdupois, 
last of wheat (30 scheffels) is 10-9 aes the ahm is 31°85 gallons. 
The foot is 11°289 inches. The scheffel (quantity usually sown with 
a scheffel) of land is 1 acre 6 perches. p 

Holland.—The mare is 3798 grains. The pound is two mares; but _ 
the commercial pre agg! Hoare ton The last ( : 
divided) is 10°231 quarters. aam (256 pints) is 34°16 pls , 
The Rhineland foot is 12°36 inches. There are several ells of about 
27 inches. The Rhineland perch is 12 Rhineland feet, and the Rhine- © 
land morgen or acre is 2 acres 16 perches. 

- err Islands —The weights and measures are mostly Venetian and 
urkish. 

Liibeck.—For gold and silver, as at Hamburg. The commercial 
pound is 1:0685 averdupois, The scheffel is ‘92 bushels. The 
ahm is 31°85 gallons. The foot, or half-ell, is 11°346 inches, 

Malta.—The pound for gold and silver is 4886 grains. The commer- 
cial pound is 1745 pounds averdupois. The salma is 7°968 bushels. ~ 
The Toot is 11167 inches. The canna (8 palmi) is 81-9 inches. 

Milan,—The mark is 3627 grains. _ The pence ‘7206 pounds 
averdupois ; the pound grosso is 1°682 pounds averdupois. err 
(32 quartari) is 4°0234 bushels. The. brenta (12 quartari) is 1 
gallons. The braccio is 23:42 inches. The metrical system is also 
introduced, with Italian names. 
1d and silver is prin The cantaro 


mare is 
l 


0°033 
acre 
aver- 


i 


perches, 
metrical system has been in 
use, with Flemish names, 


Portugal,—The mare is $541°5 grains. The commercial pound is 


* There is a large list of the fundamental measures of length, whichare = 
those most wanted, in ‘Table of Continental Lineal and Square Measures,’ by q 
W. Woolhouse (London, Weale, 1836), 

+ We find the weights, &c., in the works from which the list of places was 
taken, rather different from those in Dr. Kelly’s work. But the latter work is 
the best authority, and nothing but evidence can alter any weight or measure 
given in it. When a standard work exists in any language, it is absurd in any 
second-rate writer to differ from it without stating why. 
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1:0119 pounds averdupois. The moyo is 22°39 bushels. The almude 
is 3-6407 gallons. The foot is 12°944 inches. 4 

Prussia.—(New system, established 1816.) The Cologne* marc is 
3609 grains. Two mares are a commercial pound, or 10311 pounds 
averdupois. The scheffel is 15116 bushels. The eimer is 15°11 gallons. 
The foot is 12°356 inches ; the ell, two-thirds of a metre. The morgen, 
or acre, is 2 roods 21 perches. E 

Rome.—The pound is 5234 grains, or *7477 pound averdupois. The 
rubbio (4 quarte) is 8:1012 bushels. The barile (32 boccali) is 12°841 

The foot is 11°72 inches. The builders’ canna, of 10 palms, 
is 87°96 inches. 

Russia.—There is but one pound, ‘9026 of a pound averdupois. The 
pood is 36 1b. averdupois. The chertwert is 5°7698 bushels. The 
vedro is 2°7048 gallons. The inch is the English one; the arshine is 
28 inches; the foot is 133 inches; but the ish foot is in common 
use. The dessetina is 2 acres, 2 roods,32 perches. - 2 ‘ 

Saxony.—For gold and silver, the Cologne mare. The commercial 
pound is 10294 lb. averdupois. The Dresden wispel (24 scheffels) is 
69°85 bushels; the Leipzic wispel, 91°747 bushels, The Dresden 
eimer is 14'89 gallons ; the Leipzic eimer 16°75 gallons. The Dresden 
foot is 11'14 inches; the Leipzic foot is 1113 inches. The acre is 
1 acre, 1 rood, 18 perches. : 

Sicily.—The pound is 7 pounds averdupois. The cantaro grosso is 
1925 pounds averdupois; the cantaro sottile is 175 lb. averdupois. 
The salma is 9°46 bushels; the salma generale 7°59 bushels. 
The salma of wine is 19-28 litres. The palmo is 9°5 inches. 

—The chequee is 4958 grains. The rottolo is 12748 pounds 
averdupois. The killow is 11-3 gallons. The pike is 27 inches. 

Spain.—The Castilian mare for gold and silver is 4800 grains. The 
commercial pound is 1°0144 pounds averdupois. The fanega is 
1:55 bushels. The arroba of wine is 3°538 gallons. The foot is 
11128 inches: the vara is 33°384 inches, The fanegada (for corn- 
land) is 1 acre, 21 es. 

Sweden.—The Mint mare is 3252 grains. The commercial pound! is 
‘9376 lb. averdupois. The tunna is 4028 bushels; the liquid 
tunna is 48 kanns of ‘5756 gallons each. The foot, or half-ell, is 
11°684 inches, The tunneland is 1 acre, 35 perches. 

United States—The weights and measures are those of England 
before the late alterations. 

Venice—The mare for gold and silver is 3681°5 grains. The pound 
peso grosso is 170518 lb. averdupois, The pound peso sottile is ‘664 pound 
averdupois. The stajois 2-2 bushels. The anfora is 114'1 gallons. 
The braccio for woollen is 26°61 inches; for silk, 248 inches. The foot 
is 13°68 inches. 

We now proceed to the weights and measures of the ancients, taking 
first the ‘aalicon of the various denominations to one another, and 
afterwards the fundamental comparisons of their values with the 
modern weights and measures. 

The Romans had a mode of dividing the as or libra which they 
transferred upon occasion to any unit. The whole, whether an as 
or anything else, consisted of twelve unci, so that the uncia be- 
came little more than a name for the twelfth part. The division 
stood thus— 


2 ne Sextans (a sixth) 
3 F Quadrans (a fourth), or Teruncius. 
4 - ‘Triens (a third), 
5 - Quincunx. 
6 yy» Semis, or Semissis (a half ) 
7 ” 
8 a Bes, or Bessis. 
9 y»  Dodrans. 
10 - Dextans, or Decuncis. 
ll Deunx. 


2 oboli, one seru 
licus; 8 secrup 
libra. In later times the be gh em es into 8 drachme he 
$ scrupula each. This mode of dividing an integer into 288 scrupu 
runs through other branches of their system, and is also used in sub- 
division of a unit. The obolus in the preceding system rather belongs 
to a later period in which the Greek divisions were introduced, the 
ounce being made 8 drachme of 3 scrupula or 6 oboli each. The uncia 
(as obyyla) in the later Greek writers, 

In the measures of length the pes, or foot, was divided not only into 
12 unciw, but also into 16 digiti. In such Roman foot-rules as have 
been found, all have the digital division, some both, but none the 
uncial without the digital And 4 digiti are one palmus; 4 palmi, one 
pes; 1} pedes, one palmipes; 14 pedes, one cubitus; 2} pedes, one 
gradus; 2 gradus, or 5 pedes, one passus; 2 passus, one decempeda; 
12 decempeda, one actus ;+ 1000 passus, one milliare. 


* This weight, established by Charles V. as the standard of the preci 
metals throughout Germany, has varied in different places from 3606 to 3612 


t The actus is described as the length of a furrow. If our furlong had been 
(as some would suppose)’ a furrow long, it would have been nearer to the 
Roman actus, not one-eighth of a mile, 


The jugerum was an area of which the scrupulum (or 288th part) 
was the square decempeda, or 100 square feet. It was frequently 
divided uncially, and also as follows :—36 scrupula made 1 clima, 4 
climata, 1 actus quadratus; 2 actus quadrati, 1 jugerum; 2 jugera, 1 
heredium; 100 heredia, 1 centuria; 4 centuria, 1 saltus. The actus 
minimus was 480 square feet. The versus was 10,000 square feet. 
The aripennis (whence arpent) was a Gallic measure which Columella 
defines as semi-jugerum, but whether of Romans or Gauls is not clear. 

The amphora, or quadrantal,* for liquid measure, was a cubic foot: 
4 ligule made 1 cyathus ; 6 ligule, 1 acetabulum; 2 acetabula, 1 quar- 
tarius; 2 quartarii, 1 hemina; 2 hemine, 1 sextarius; 6 sextarii, 1 
congius; 4 congii, 1 urna; 2 urn, 1 amphora; 20 amphora, 1 culeus. 
In Galen the cochleare is the tenth of a ligula. 

The modius, or modium, of dry measure, was 16 sextarii, or the 
third part of the amphora, or cubic foot. The sextarius was divided 
in the same manner as in liquid measure. The concha is mentioned as 
a smaller measure than the li 

The Greek weights have been discussed in the article TaLENT. Six 
6Borox make one dpaxun; 100 dpaxuat, one wva (mina); 60 pya, one 
taAavrov. The xaAkos and the Aerroy are mentioned as subdivisions 
of the 4BoaAos, but are not generally recognised. 

As to length, the zovs, or foot, was thus divided :—4 daxrvAa 
make one madaorn; 12 daxrvAor, one ombaun; 4 madara, one Tous; 
1} modes, one mnxus; 4 wnxeis, one dpyvia; 100 modes, one wAcOpor ; 
6 wAcOpa, or 600 wodes, one oradiov. [Stapium.] The doxun is the 
madaorn in some writers, the om@aun in others. The radacry is also 
called SaxrvAcdoxun and dwpov. The Arxas is 10 daxrvAor, the dpbodwpor 
is 11 daxrvAo, the rvyun 18, and the ruvyay 20 dantvao. The dixas is 
half a ous, the Byua is 24 modes. The tvdov is 44 modes, and the 
kadapos 10 modes. The oradioy was once called aiAos, and the diavAos 
is 2 oradia. The oradiov irmmoy is 4 cradia, and the dodrxos is 12 
oradia generally, but is variously used. We must also mention the 
kovdvdos of 2 daxrvdAo, and the auua of 60 modes. The Greeks have 
taken the exowos (variously described) from the Egyptians, the piAcov 
from the Romans, and the rapagayyys, which is 30 stadia, according to 
Herodotus and Xenophon, from the Persians. The zous iAetaipios, or 
Phileterian foot, though used by Greek writers, is not originally 
Greek, and is said to be longer by a fifth than the Roman foot. All 
writers agree that the common Greek zous is longer than the Roman 
foot by the 24th part of the latter. 

The wAcOpoy in square measure was a square of the side of a 
mAcOpov in length, or 10,000 square odes. The d&povpa was the fourth 

of the wAc@pov ; but the Egyptian &povpa mentioned by Herodotus 
is the square of 100 Egyptian cubits. 

In liquid measure, 2 xoxArapia make one xnun; 24 KoxAcapia, one 
uvotpov ; 2 wvotpa, one Koyxn; 2 Koyxat, one Kvafos; 3 Koyxat, one 
dtuBapoy; 2 dtvBapa, one teraproy ; 2 Terapra, one korvAn; 2 KoTvAat, 
one tcorns; 6 Leora, one xovs; 12 Xoes,one wetpytns. The metpyras is 
said to have been an amphora and a half, and the xvados to have con- 
tained 10 drachms of wine. The Aayvvos, or Awynvos, was the same as 
the xous. There were also the xnun yewpyien and the puvorpor yewpyixor, 
rural measures. The uetpyrns was also called duopevs and rados. 

In dry measures, the wediuvos was one-third larger than the uerpyntns 
(or was two Boman amphorz), and was thus divided :—Ten koyArapia 
made one kvabos; 15 xoxasapia, one dtvBapov; 4 dtvBada, one KoTvAn; 
2 xorvAai, one tearns; 2 keora, one xomkt; 4 Xowmes, one Huiextov; 2 
jyuexra, one éxtos ; 6 éxTot, one wedyuvos. There are various descriptions 
of the xo, from which it may be that there are several measures of 
the name. The Greeks mention the Persian éxavn of 45 uedimvor, the 
dpraBn, of one pedimvos, and the kam0n of 2 xownes. The Bootian 
xopwos is 3 xoes: the Homeric addt is 4 xowmes; the paps is 6 
kotvAa; the dAaBaorpor't is the KorvAn. 

The following measures are identical in pairs, if the weduvos be two 
amphora :—The xous and the congius ; the earns and the sextarius; 
the xorvAy and the hemina; the reraproy and the quarturius; the 
dtvBapoy and the acetabulum; the xva@os and the cyathus. 

All the Greek measures above given are Attic: there are some 
variations of description which, if not erroneous, probably belong to 
other parts of Greece. It is customary to give the Greek and Roman 
measures in two collections, without any attempt to distinguish the 
times at which they were in use; so that Homer and Athenzus, or 
Herodotus and Galen, may (yar! as authorities in the same set. 
There are many other names of measures noted by different writers, 
some of which are but synonymes of some of those above mentioned, 
and of others it may be doubted whether they were really names of 
recognised measures. If the writers of our day were compared in 
isolated passages as closely as those of the ancients, we might probably 
have a great many measures made for us of which we know nothing : 
the shells which the grocers use would have good chance of a per- 
manent establishment, and their paper bags could not possibly escape. 

The Hebrew measures, though tolerably well settled in their pro- 
portions, are very imperfectly known as to their absolute magnitudes, 


* The term quadratus seems to have applied to cubes as “well as squares 
among the Romans, 

+ This word is translated in two of the gospels (Mark xiv, 3; Luke vii. 37) 
an alabaster box ; Epiphanius is the authority for the measure, which there is 
no doubt took its rise from the circumstance of perfumes being commonly 
inclosed in alabaster boxes of one size, 


* 
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We shall only give here the usual summary, and shall then give some 
account of the mode of determining the actual itude of the 
Greek and Roman measures, With regard to these Hebrew measures, 
much uncertainty ails ; the authorities are by no means so numerous 
as those for the 3 ancient measures, nor has the subject received 
so much discussion. 

The cubic was about 22 inches; 4 digits make 1 palm; 3 palms, 1 
span ; 2 spans, 1 cubit ; 4 cubits, 1 fathom ; 6 cubits, 1 reed(Kaneh) ; 8 
cubits, 1 pole (Arabian); 80 cubits, 1 measuring-line ;* 400 cubits 
1 stadium ; 5 stadia,a Sabbath-day’s journey; 10 stadia, a mile; 24 
miles, a day’s journey. 

In liquid measures, the bath, or ephah, of about 6} imperial gallons, 
is thus divided :—Four logs make 1 cab, 3 cabs, 1 bin; 2 hins, 1 seah ; 
3 seahs, 1 ephah, The caph is three-fourths of tle. 
measures, besides the cab, seah, and ephah, 5 ephahs e 
2 letech, 1 Chomer, or Homer, The gomer is the tenth of the seah. 

For weight, 60 shekels make one maneh; 50 maneh, 1 talent of 
93°75 pounds averdupoi 

We now come to the comparison of the Greek and Roman measures 
with our own. The Roman foot, the most important of all, has been 
determined in the following + ways :—1l. By feet laid down on sepul-' 
chral monuments. 2. By foot-rules obtained in the ruins of Rome 
and elsewhere. 3. By the distance of mile-stones. 4. By the distance 
of places. 5. By specimens of the congius. 6. By some obelisks. 
7. By the dimensions of buildings. The results are given in lines of 
144 to the Parisian foot, and as dissertations on this subject 
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make great use of the line, it will be convenient to give a table of its | thi 


rmultiples in terms of the English inch. 


One line (,; inch French) is + 08881378 English inch. 
linesare. . » ‘17762756 

26644134 

"85525512 

44406890 

“53288268 

62169646 
- °71051024 
. F 4 : . *79932402 
129-484 lines are 11} English inches. 

The sepulchral feet are:—1. That marked on the tomb of one 
Statilius,s found in the Vatican garden in the 16th century; 2. That 
found on the tomb of Cneius Cossutius (Vitruvius mentions an archi- 
tect of that name), dug up in the garden of 0 Colozzi § before 
1516; 3. That on the nas ty the butius; 4. That on a monument 
without inscription, given Marquis Capponi to the jitoline 
Museum at Rome. Taking the means of such ioseearthy eee 
as have been made of these different feet, it appears that the Statilian 
foot is 131°17 Paris lines; the Cossutian, or Colotian, 130°59 lines; 
the butian 131:'14 lines; and the Capponian 130°80 lines. 

The first foot-rule was measured by Lucas Petus, ‘De Mensuris et 
Ponderibus Romanis et Grecis,’ Venice, 1573, who found three of 
them agreeing with each other so far as his means of comparing them 
went, a copy of which he caused to be —e on stone and placed 
in the Capitoline Museum. This was called the Capitoline foot, and 
was frequently regarded as conclusive. Petus himself makes the foot 
amount to 128°7 lines; but there is reason to suppose either that his 
measures are too short or that the standard to which he referred them 
has been mistaken; for others make his own Capitoline foot to be 
130°5 lines. Two other foot-rules give 128°75 and 130°03 lines. There 
was a porphyry column at Rome (now lost) marked 70d. @, which was 
certainly meant for nine Roman feet. An editor of Vitruvius, 
Philander (1552), makes the Roman foot to be, from this column, 
131°63 lines ; but Pwtus makes it only 130°03, Other foot-rules have 
been made to give 130-5, 130°93, 12°89, 13056, 129°24, 181-16, 130°66. 
Some of these are different measures of the same rule, 

Very few consecutive milestones have been found from which to 
deduce the foot. From one mile in the Appian way, and from two 
different onea between Nismes and Beaucaire, the foot has been 
deduced to be 130°60, 130°29,and 130°51 lines. From various recorded 
distances between towns, subject to the difficulty of knowing y 
from what parts of them the miles were measured, the foot has been 
found to be 132°34, 128-42, 130°99, 129°31, 182°55 lines, D’Anville, 
is a ie = such measures, fixes it at 130°8 lines, 

specimen of the congius is yet remaining, which, by an inscription, 
is declared to have been placed in the Capitol ty sopaataat ae a 
standard. The congius is the eighth part of the amphora, or cubic 
foot. By ascertaining the weight of water which this contains, the 
foot was estimated by various observers at 131°15, 133°21, and 132*44 
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* Pathil, or Chebel; oxowwos in the Septuagint. ¢ 

+ In the historical account of the Roman foot we have followed J, F, Wurm, 
‘De Ponderum, &c, Rationibus apud Romanos et Grmcos,’ Stutgard, 1821, as 
to method, verifying several of his statements, 

} We enumerate these, not for their importance, but because they are so 
frequently referred to, 

The foot is figured in the work of Leonardus Portius, the first in which 

any attempt was made to restore the real Roman measures. It has no place 


nor date; but being printed by Joh, Frobenius, must be of Basel before 1527, 


of the foot drawn w the ccngica Seadliilbews 
lines. Bisons another edngias paves 
“18 lines for foo, *'5-% 
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e mean. urm, from the Verona amphitheatre, adds 131712. 
Raper thought he observed that the buildings su t to the time 
of Titus give a shorter foot than their § he 


From all these data Raper’s average, adopted by Wurm, is 131-15 
French lines for the ancient foot, or 11°648 English inches or 971 
English feet, But Sir G. Shuckburgh made a careful review of the | 
three best modes of obtaining the required result, 
ings, and tombs, and obtained *9672, 9681, -9696 of a 
(Young's ‘ Lectures,’ ii. 153.) The mean of these is 
11°6196 inches. Again, if we take a mean of the results gi 
others, namely, Bernard 970, Picard and Greaves °967, 
Raper °970, we have also ‘9683. We take then the 
11°62 English inches, which is represented far within 
limits of error by the following :—61 English feet 
feet. We are aware that eminent authorities of late 
11°65 inches for the Roman foot, but we like to keep as 
foot-rules as we can, consistently with giving due t to I 
modes. Indeed, the question between 11°62 and 11°65 cannot 
settled by authority, but must be decided by closer appreciation than 

been made of the probabilities of the different methods. 
The 
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The Roman measures of length may thus be considered, we 
believe, to be as well known to us as they were to themselves. 
same cannot be said of the measures of weight. All writers agree 
the amphora, or cubic foot, weighs 80 pounds of wine; but it is also 
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by, as wine, believing, as they did, that both are of the same weight, If 
we suppose then that they preferred to spill water rather than wine, 
and assume 11°62 inches for the foot, we have 1568°984 cubic inches * 
English, in the amphora, or 5°6586 imperial gallons, or 56°586 
averdupois of water. If the Roman pound be the 80th of 
is ‘7073 pounds averdupois, or ‘8595 pounds troy. This is 4951 grains, 
or 60394 French grains. Now, according to Wurm, Budeus made it 
7200 French , Capellus and Romé de L’Isle 6048, Auzout 6226, 
Kisenschmid 6216, Dupuis 6300, Leblanc and De la Nauze 6144, 
Paucton 6312, Arbuthnot 6395. Of these, those of Romé de L’Isle 
and La Nauze, which come the nearest to 60394, were determined 
from weighing coins: but the most modern valuations deduced from 
coins give 5040 grains. On coins however we do not much rely. The 
congius of Vespasian, already mentioned, gave to different experi- 
menters 6094, 6386, and 6276 Paris grains; but it is most probable 
that the capa of this vessel has been somewhat increased by rust. 
There are some ancient weights in stone or metal, preserved in 
different places, from which De L’Isle brings out 6071 and 6042 grains, 
But others make different results, whether from the coins or the 
weights; and the result of the whole seems to be, that the Roman 
pound cannot be more accurately stated than in the following words : 
“something more than seven-tenths of a pound averdupois.” The 
Attic Taent is said by many writers to be 80 Roman pounds. Now 
this being taken, as in the article cited, at 56°953 pounds averdupois, 
gives ‘7119 of a pound averdupois. Between *707 and ‘712, or very 
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* To turn cubic inches into imperial gallons, multiply by 11 and by 2, 
divide by 6100, and, if worth while, from the result subtract its two hundred 
thousandth part. 
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lies. i , the Roman uncia is much nearer to our ounce aver- 
dupois than to our ounce troy; and many metrologists have supposed 
that the former was origi the uncia. 

We have never had any means of knowing whether the fundamental 
points of connection between the Greek and Roman measures are exact 
or only approximate. These are, that the foot is longer than the 
Roman by one twenty-fourth, and the Phileterian foot by one-fifth ; 
that the merpyrns is an amphora and a half, and that the amphora of 
water or wine weighs an attic talent. ing these relations for 
granted, we have for the Greek foot 12:10 English inches or 1-008 feet, 
for the Phileterian foot 13°94 inches, for the metretes 8°4879 gallons, 
and for the attic talent 56°586 pounds averdupois. There is one 
stadium left at Athens [Staprum] which is 630 English feet, giving 
for the Greek foot 1-05 feet English ; but there is not much dependence 
to be on the measure. Such buildings as have been examined 
at Al , in the manner already described, give as a mean 13669 
Paris lines, or 12-14 English inches. We may therefore say that the 
Greek foot was longer than the English one by the tenth part of an 
inch. The statements then as to the relations between the Greek and 
Roman measures appear to have been tolerably exact, and our know- 
ledge of the relations between our measures and theirs, though not 
sufficient for scientific comparison, is abundantly exact for the purposes 
of the classical student, far more so than could have been expected to 
have been attainable by those who remember that for a long period all 
means of comparison were lost.* 

WEIGHTS AND MEASURES, STANDARD. In this article we 
separate from the general subject of WricHTs AND Measures those 
preliminary considerations which refer to the manner in which weights 
and measures are verified and abrgpebtcr he aaah haere ag 
upon in a work partly of reference, partly of general information. e 
do not to complete a scientific account, but shall be satisfied 
with preparing the unpractised reader to look with some degree of 
interest on the sources of more elaborate information to which we 

Measures are wanted for two distinct objects, the commercial and 
the scientific. The wants of natural philosophy have grown up within 
the last two centuries; while so ly as Charta it was one of 
the concessions to the gri es of the subject that there should be 
one weight and one measure throughout the land. But though a few 
acts of parliament were sufficient, in process of time, substantially to 
establish the political rights which that charter was intended to grant, 
hundreds of them, down to the present time, have been ineffectual in 
producing the use of one weight and one measure. Some of these we 
shall refer to [Wetcurs, &c.]; in the meanwhile we have 
here only to state that, as may be supposed, this unity was for com- 
mercial, not scientific purposes ; and that the resemblance of natural 
objects was supposed to be a sufficient reliance for obtaining it. Some 
of the old statutes make the inch to be the length of three 
barleycorns, placed end to end, round and dry, from the middle of the 
ear. Standards were made, no doubt, from this definition; or at least 
it was ae Spe that if the existing standard should be lost, the barley- 
corns W enable its restoration to be effected. Our readers may 

think so rude a contrivance; but the same prin- 
ciple, carried a little further, might be made very efficient in preserving 
for example, that the government were now to 
think it desirable to recover the three- corn inch, or at least to 
invent one which should be capable of being recovered. They would 
put together not three barleycorns, but three thousand, or thirty 
thousand; or many different collections of three thousand or more. 
The average inch deduced from these would be capable of being re- 
covered at any time from the same grain grown in the same soil. A 
commercial standard might be easily recovered from many different 
modes of proceeding : for example, the average height of the barometer 
at a given place throughout any period of five years is so nearly the 
same from one five years to another, that a commercial standard might 
be sufficiently well obtained from it. It would be of little consequence 
if the yard were wrongly recovered by one-hundredth or even one- 
tenth of an inch, in any matter of buying and selling. 

It is the scientific standard at which the government has been aiming 
during the last century. The object here is, first, to measure the old 
standards to the utmost accuracy of which our senses, assisted by 
microscopes, are capable; secondly, to discover the means of recon- 

i hese standard. In ne ede delicate operations of natural 
philosoph; astronomy, our knowledge cannot go down to posteri 
Talathey know within the thousandth of an inch what it thet we 
calla yard. The public at large has never understood the reason why 
so much trouble has been taken ; and perhaps the members of different 
administrations, while trusting such investigations to men of science, 
and relying on them for the whole conduct of the matter, may have 
wondered at the great difficulty which there seemed to be in the way 
of furnishing the shopkeepers of all generations with the yard measures 


* For further information on ancient weights, coins, and measures, the 
reader is referred to the foliowing work, ‘ Metrologische Untersuchungen Uber 
Gewichte, Miinzfiisse, und Masse des Alterthums in ihrem Zusammenhange, 
von August Boeckh,’ Berlin, 1838; and to a review of this work in the 
‘Classical Museum,’ No. 1, by Mr. Grote, 
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and pound weights of the same values. It is our principal object in 
this article to endeavour to point out the nature of these difficulties, 
and the extent to which they have been overcome: it being remem- 
bered however that the object is scientific, not commercial, and that 
the standard of length is chosen as the most important illustration. 

To elucidate the principle merely of the manner in which scales are 
compared, we must first show how it is that very small lengths can be 
meas' A screw can be very accurately constructed, say with 
threads one-twentieth of an inch apart: if this screw be the axis of a 
circular plate, which turns with it, and the edge of the plate be divided 
into 100 parts, each of these parts will be very perceptible, if the plate 
be three-quarters of an inch or more in diameter, and it will not be 
difficult to estimate the half or quarter of one of the divisions. Let 
there be an index attached to the frame, which does not move with 
the serew, by which it may be seen, when the plate (and with it the 
screw) is turned, how many divisions it is turned through. Now 
since a whole turn of the screw moves the end of it forward through 
one-twentieth of an inch, a motion of the plate which passes one of 
the divisions over the index, or the hundredth part of a turn, sends 
the end of the screw forward through only one two-thousandth of an 
inch, and a quarter of a division answers to one eight-thousandth of 
aninch. Suppose a couple of such screws, each of which is attached 
to a pointer, as in the following diagram, in which the pointers only 
are inserted, and one of the scales which are to be compared; the 
screws which move the pointers, and all the frame-work, being omitted. 
Observe also that this is not the apparatus employed, but only a con- 
venient illustration of it. 

It is supposed that a and B can be moved, by the screw motion, in 
such a manner that a motion so small as the eight-thousandth of an 
inch may be given to either. The scale at present used is HF, on which 
are two points, 0 and D, which are, or are supposed to be, exactly a 

A B 


/ a 
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yard asunder. Let the screws be moved until the ends of the pointers, 
which all but touch the scale, are exactly over c and p; then if the 
scale be removed, the length cp is retained in the distance between 
the points of the pointers, Now let another scale be introduced, and 
let its points be brought as near as may be, conveniently, to the 
pointers; it is supposed that the distances ‘cD and eH are very nearly 
equal, for workmen used to the construction of mathematical instru- 
ments never fail in making two yard measures agree within a fiftieth 
ofaninch. Perhaps the reader will say the point ¢ might be brought 
exactly under the pointer A, and then the pointer B alone would show 
whether the present scale is shorter or longer than its predecessor: but 
as the pointer is much less cumbrous than the scale, it is easier and 
safer to put the scale in a convenient position than to attempt to 
place it in one exactly given. This being done, move the pointer 
4 from © to @, and observe how many turns, or how much of a 
turn, of the screw, is required to do it: say it makes 874 divisions of 
the plate pass the index. Also move the pointer B from D to H, which 
makes, say, 97} divisions uf the plate pass the index. Now we ob- 
viously have 
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GH=CD+DH—CG; 


and since D 8 is longer than 04a, it appears that GH exceeds oD by the 
excess of DH over 0 G, answering to 97¢ — 874, or 10} divisions of the 
plate, being 10} times the two-thousandth of an inch, or ‘005125 of an 
inch. This experiment may be repeated any number of times, and as 
may be expected, the results will not agree, since it is not to be sup- 
posed that any two persons, or the same person at two different times, 
will agree in theif estimation of exact coincidence between the pointers 
and the ends of the scales, As in other cases, the averaging of the 
discordant results will bring out the truth very nearly. 

The difference between the apparatus which was actually used in the 
next experiments and that above described was as follows, The 


| pointers were MICROMETER* microscopes, in which the intersection of 


two fine spider-threads, placed at the focus, was the point which was 
made, by a slow screw motion, to coincide with the centre of the 
(magnified) dot (or line) which formed the extremity of the scale. 
The micrometer head (the circular plate of the preceding illustration) 
was divided into 100 parts, each of which was found to be equivalent 
to one 20,000th of an inch; or a whole turn of the screw altered the 
position of the intersection of the spider's webs by one 200th of an 
inch. The magnifying power used was about 27 times in linear 
dimension. It was attempted, in each experiment, to estimate tenths 
of the divisions of the micrometer-head, or to attain’ the 200,000th 


* The principle is the same as that of the beam compasses, and the apparatus 
might be called mi pic beam: p , or beam-microscopes, 

+ Every attempt at measurement strives to be ready for more than there 
is any ble hope of It is certainly not likely, at present, that 
even the mean of a large number of measures would settle the question within 
so small a quantity; but if ever the day shall arrive when the 200,000th of an 
inch is attainable, the previous attempts to obtain it will point out the cause of 
their own failure, and probably be a source of information, 
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ofanineh, The apparatus is described in Mr. Baily’s ‘ Report to | he compared with the parliamentary standards and others, Troughton 
Fhe Royal Astronomical iety on their Standard Scale’ (published | made one for himself, and first introduced the micrometer micro- 


in the ninth volume of their Memoirs), from which much of the 
present article is taken. 

The first attempts to be scientific in matters of measurement made in 
this country date from the beginning of the 17th century. Previously 
to this time men of information ably believed that the Roman and 
English foot were the same,and the pound troy was deducible from 
the Roman Libra, Bishop Tonstal, in his Arithmetic (1522), where he 
only treats what is necessary for common life, “ad vitam communem 
transigendam necessaria,” cites Columella on measures of length, ‘and 
deduces the system of coinage from Budsus on the Roman As. The 
other writers of the same century pass over the mode of obtaining 
measures, as if it were perfectly fixed, and generally refer to the three- 
barleycorn inch as a standard. In the early part of the 17th century we 
find Oughtred (‘ Circles of Proportion,’ pp. 55-57) referring to actual 

res of the contents of the gallon made by the celebrated Briggs, and 
also by one William Twine, but taking the Sat foot as “‘ very little 
less, if not exactly the same,” as the English foot. Later in the 
century, Dr. Wybard (‘ Tactometria,’ p, 268, published in 1650) gives 
an account of experiments, at which he was present, for the determi- 
nation of the same gallon; and later still, in 1688, we have thé 
experiment with the same object [GaLton], at which Flamsteed and 
Halley were present, which is referred to in the Report of the Com- 
mittee of the House of Commons in 1758, As far as measurements 
are concerned, had it not been for Greaves [GrEaves, Joun, in Broa, 
Dry.], we might have summed up the efforts of the 17th century by 
saying they were mostly directed to finding, within one, how many 
cubic inches there were in the several gallons, Greaves first directed 
attention to the difference between the Roman foot and the English, 
by tolerably accurate determinations of the former. [WEIGHTS AND 

EASURES.| He also attempted the investigation of the Roman 
weights, and must be considered as the earliest of the scientific 
metrologists, He was followed by Dr. Bernard [Bernarp, Epwarp, 
in Bros. Dry.], whose treatise on ancient weights and measures (1685 
and 1688) must have given a great impetus to the spirit of comparison. 
A work of this kind soon shows its consequences: Jeake’s ‘ Arithmetic’ 
(folio, 1696) contains a hundred pages on the subject. Towards the 
end of the century the measures of Auzout and Picard awakened 
attention to the comparison of standards in France. Both countries 
were thus prepared to desire some information from each other on the 
subject of their measures; and a communication took place in 1742 
between the Royal Society and the Academy of Sciences for an inter- 
change of standards. Then, for the first time, as far as we can learn, a 
yard was taken off on a brass rod from a standard kept in the Tower 
of London (which we believe is not now in existence), But the legal 
standard, usually so considered, was one which was kept at the 
Exchequer ; there was another at the Guildhall, and another in the 
possession of the Clockmakers’ Company. When these came to be 
compared with one another and with the Exchequer standard by 
Grabam (who also laid down an Exchequer yard on the same brass 
rod), it appeared that the shortest and the longest differed by seven- 
hundredths of an inch, a little more than the height of an o or an a in 
this work. But had the difference been greater, it would not have 
mattered much, considering the way in which standards were to be 
used. In our own day, after nearly a century of communication 
between statesmen and philosophers on the subject of a uniform 
measure, Mr. Baily visited the Exchequer standard (from which the 
copies we shall presently mention were made), and his account (Report 
above cited, p. 146) is as follows :—“ Since the preceding sheets were 
printed, I have had an opportunity of seeing this curious instrument, 
of which it is impossible at the present day to speak too much in 
derision or contempt. . A common kitchen poker, filed at the ends in 
the rudest manner by the most bungling workman, would make as 
good a standard, It has been broken asunder, and the two pieces have 
been dovetailed together, but so badly that the joint is nearly as loose 
as that of a pair of tongs. The date of this fracture I could not ascer- 
tain, it having occurred beyond the memory or knowledge of any of 
the officers at the Exchequer, And yet, till within the last ten years, 
to the disgrace of this country, copies of this measure have been circu- 
lated all over Europe and America, with a parchment document 
accompanying them (charged with a stamp that costa 3/, 10s., exclusive 
of official fees), certifying that they are true copies of the English 


In 1758, a committee of the House of Cormmons began to investigate 
this subject, and was followed by another in 1759: both committees 
made full Reports. Both,committees caused to be made, by Bird, a 
copy of the Royal Society's (or Graham's) copy of the Exchequer stan- 

and these copies, which remained in the official possession of the 
Speaker of the House of Commons, were called Bird’s parliamentary 
standards of 1758 and 1760: it should be stated, however, that the 
latter was only a copy of the former. The Reports were agreed to by 
the House: a bill was brought in, according to their recommendation, 
namely, that Bird’s standard of 1758 should be the national standard; 
but it was not carried through. A committee, appointed in 1790, did 
nothing, and the matter was thus abandoned. Private individuals and 
scientific societies to provide themselves with standards ; Sir G. 
Shuckburgh (‘ Phil. . 1798) had one made by Troughton, which 


- 


scopes into the comparisons ; this last was made from one which Bird 
had made for the then assay-master of the Mint, Another was made 
for General Roy, and was used by him in the great survey; another, 
Bird’s own private property, was in existence. Thus matters went on 
until the year 1814, when the House of Commons again appointed a 
committee to consider the subject. ‘ 

In the meanwhile however experimental philosophy had made oe 
advances, and investigators to look more at the successes of the 
past than at the new difficulties which those successes had opened 
into view. As soon as the measurements of the earth to be 
attended with some success, the French proposed a measure 
which should be the ten-millionth part of a quarter of the meridian ; - 
which last they hoped, by their great survey, to ascertain so exactly 
that no future measurement should make even a microseo) 


is to be swung. They also state that a cubic foot of pure water at 
564 Fahr, weighs exactly 1000 ounces avoirdupois, as the * 
link between measures of weight and capacity. No bill was 

in consequence of this Report, 


eS 
Regent appointed a commission composed of Sir 
J. Banks, Sir G. Clerk, Davies Teilbert, Wollaston, Young, and Kater. 
This commission made three Reports, dated June 24, 1819, July 13, 
1820, and March 31, 1821. Im the first (we confine ourselves to 
matters affecting the standards) the standard yard recommended is 
that on the scale used by General Roy in the measurement of his 
Hounslow Heath base, and it was the opinion of the reporters that the 
mean solar seconds’ pendulum in London, at the level of the sea, in a 
vacuum, and at. 62° of Fahr., was 39°1372 inches of this scale. 
also take 19 cubic iriches of distilled water at 50° to be 10 
ounces troy. In the Second Report, they announce that 
been discovered in their standard, and they propose 
parliamentary seale of 1760 shall be the standard, the seconds’ pendu- 


of attraction on the pendulum, as shown by Captain Kater’s own 
observations, and to the insufficient manner in which the level of the 
sea was known: and his opinion was that of fewothers at the time, though 
now nearly universally received, namely, that “nature seems to refuse 
invariable standards; for, as science advances, difficulties are found to 
multiply, or at least they become more perceptible, and some appear 
insuperable.” The House of Lords adjourned the question over till 
1824; when the act 5 Geo. IV. c, 74, was passed, from which extracts 
will presently be made, This act was to take effect May 1, 1825, but 
in the March of that year 6 Geo. LV. c, 12, was passed, deferring the 
operation of the 5 ig par act till January 1, 1826. There was 
an inquiry before the House of Commons in 1834, which ended in the 
statute of 4 & 5 Will. IV. c. 49, and another inquiry before the same 
House in 1835, which ended in 5 & 6 Will. IV. c. 63, repealing the 
former act and substituting new provisions. These last acts however 
contain nothing with reference to the standards, except the following 
excellent wind-up of the chequered and ill understood legislation u 
weights and measures, The Houses of Parliament were burnt in 1 

and with them Bird's standards of 1758 and 1760 (the last the standard), 
Nevertheless 5 & 6 Will. IV. c, 63, passed after the fire, takes no 
notice of the destruction of the standard, but refers to it as still in 
existence. Seven years* have since elapsed, but we are not aware of — 
the legislature having yet swung the; pendulum to recover the lost 
measure, peertiih ‘ iy 

As to the standards, the act prescribes as follows :— 

1, The straight line or distance between the centres of the two points: 
in the gold studs in the straight brass rod now in the custody of the © 
clerk of the House of Commons, whereou the words and ; 
“ Standard yard, 1760” are engraved, shall be the original and genuine 
standard of that measure of length or lineal extension called a yard... 
the brass being at the temperature of sixty-two degrees of Fahrenheit’s 


* This was written by Mr. Sheepshanks in 1841, 


837 WEIGHTS AND MEASURES, STANDARD. 


WEIGHTS AND MEASURES, STANDARD. 838 


thermometer. .... 
pendulum vibrati 


in a vacuum at 


The act goes on in words to say that the 
seconds of mean time in the latitude of London * 
level of the sea is 39°1393 inches of the said 


2. The standard brass weight of one pound troy weight, made in the 
year 1758, now in the custody of the clerk of the House of Commons, 
shall be the original and genuine standard measure of weight. .. . 
The act goes on to say that the cubic inch of distilled water, weighed 
in air by brass weights, at 62° of Fahr., the barometer being at 30 
inches, is equal to 252°458 

It happened fortunately for the scientific standard, that about the 
year 1832 the council of the Royal Astronomical Society caused a 
scale to be for themselves, and obtained permission of the 
Speaker of the House of Commons to compare it with Bird’s two 
standards, which was done in the beginning of 1834, by a much more 
extensive set of experiments than had ever been made before for a 
like purpose, condueted chiefly by Mr. Baily and the late Lieutenant 
Murphy. This is now, in fact, the standard scale of the country ; or, 

at least, the only measure from which the standard scale can be 
deduced. The manner of conducting the comparisons has already 
been slightly described ; we shall now (from the Report already 
quoted) to give some account of the difficulties which were found in 
the way of measurement, and of the results. ; 

This scale is a cylindrical tube of brass 63 inches long, 1°12 inches 
and °74 inches in exterior and interior diameter. e thermometers 
are immoveably inserted into its length, and the ends are stopped by 
brass plugs. ‘Pwo parallel lines (09 of an inch apart) are drawn in the 
oy surface; and, commencing 14 inches from one end, at the 

ce of every foot, a palladium pin is inserted in the tube, between 
those lines; on each of which pins, at proper distances, a fine line is 
eut to designate the length of a foot. The first foot is similarly 
divided into inches and tenths; and the middle foot (there being five 
in all) is bisected. The three middle feet constituted the yard which 
was used in the comparisons. It was found that any constraint, 
,however slight, affected the expansion and contraction of the bar; 
even the friction arising from its first supports, which were lined with 
baize ; it was therefore found necessary to support it, when under the 
microscopes, on friction-rollers : and care was taken that these should 
always be placed under the same points of the tube. To give an idea 
hans peter cf ties wale oe ence cpt Boyer Bh Seago e- 
experiments agreeing very well with each other, middle 
was shortened -48 Pie of the divisions of the micrometer-head 
(described at the beginning of the article), or 000024 of an inch, by 
nothing but removing the plugs from the end of the tube. * 

Nothing can be known of such a bar as a scientific standard until 
the rate at which it expands by the action of heat is determined. By 
a mean of six expecitients, token with the tube at the freezing and 
boiling temperatures, it was found that every addition of 1° of Fahr. 
to the temperature lengthened the centre yard by ‘000377 of an inch, 
or 7°6 divisions of the micrometer-head. 

The instrument being placed ready for observation, and two scales 
being put down for comparison, one observer may bring both the 
micrometers to the ends of one scale, or one observer may be placed at 
one end, and another at the other. In the latter case,a new cause of 
error enters, of which it is impossible to give any account, though a 
remedy cond be provided. It is not true that two persons, though 
using y the same instrument, and noting the same phenomenon 
under the same circumstances, will note it exactly in the same way. 
When one observer made (as he thought) the coincidence of the inter- 
section of the micrometer-wires with the dot or line at the end of a 
seale, another, looking into the microscope, would seldom or never 
agree with the former that the coincidence was exactly made, but 
would turn the micrometer-head three or four divisions, one way or the 

other, before at second) could be satisfied that the coincidence 


equation, and its amount, as 
any pair of observers, can be ascertained by experiment. If 
er made the coincidences at both ends, it would matter 
what his manner of o| was, since, however much he 

t differ from absolute correctness (be that what it may), he would 
by the same amount at both ends, and the length of the scale 
be affected. If, when two observers are employed, they 
a given number of comparisons, and then change places and make 
number, the mean of all their observations will be unaffected 
mode of observing, since, if the scale be made too long in the 
set, it will be made as much too short in the other, and vice 
Equation, Personat,] Some of the personal equation might 
the curious figures which the dots of the old scales (into 
beam-compasses had been inserted) presented when viewed 
microscope. Bird’s standard of 1758, for instance, had 
pear-shaped holes at its extremities, the centres of which no two 


persons could agree u 

. The following poh ro will give a notion of the degree of 

obtained in the workmanship of scales.- The Astronomical Society's 
* The latitude of London was rather a vague phrase for legislation which 

could not let “ length ” pass without the explanation “ lineal extension,” 
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at the level of the sea. They remarked that since the 


scale was compared with the imperial standard (Bird’s of 1760); the 
Royal Society’s scale of 1742, having two scales in it marked E and 
Exch. ; a scale called Aubert’s, the prototype of one which was used 
in the Indian survey by Lambton; one which had been used by 
Sir G. Shuckburgh; one belonging to the town of Aberdeen; one 
belonging to Mr. T. Jones; and four new ones made after the model 


of the Society’s scale, one for the Danish government, one for the - 


Russian government, one retained for himself by Mr. Simms the con- 
structor, and one for Mr. Baily. Calling the middle yard of the 
Astronomical Society’s scale 36 inches, the different scales are as 
follows, each from the mean of many observations :— 


Standard Mean inches of 
Scale, portion. Ast. Soc. scale, 
Astron. Soc. . » centre yard, 36-000000 
Danish . ry 5 35°999758 
Russian . . . . . 3 36-000050 
Simms’s e . . oe > 35°999908 ~ 
Baily’s ‘ as 35°9999149 
Aberdeen . . 2 35°998615 
Jones’s ° ” 35°999802 
Aubert’s 0 in.—36 in. 85-998447 
Shuckburgh 0 in.—36 in. 36-000185 
> . . - 1l0in—46in, 385-999921 
Royal Society . line E 36-001478 
ry . . + «+ line Exch. 35°993684 
Imperial standard of Bird’s of 1760 ; + « 35°999624 


‘Temperature is not here alluded to, it being presumed, of course, 
that the effect of temperature upon the difference of two scales is 
inappreciable : thus the Astronomical Society's standard being ‘000376 
longer than the imperial standard, and the standard temperature 
being 62°, the length of the former standard, observed at 62°, and 
pes by °000376 of an inch, will give the true standard of 

e-law. 

It is believed, after all, that the imperial standard is about 1-140th 
of an inch longer than the old standard of the country ; but this 
matters nothing to the scientific part of the question, for all the scales 
which have been used in trigonometrical surveys have now been dili- 
gently cesnpared with the Astronomical Society’s scale, and are there- 
fore known, independently of the national standard, as long as the 
latter scale exists. The only thing to«be feared is the loss of this 
last-mentioned standard; the government might keep it, but cannot 
be trusted to use it; the Society, which knows how to use it, has no 
place of perfect security in which to keep it. 

We shall not here enter into the various modes used by Sir G, 
Shuckburgb, and subsequently by Captain Kater, for the determi- 
nation of the standard of weight. An old standard pound exists in 
the Exchequer, from which in 1758 a was made for the com- 
mittee of the House of Commons. This it, as we have seen, has 
been declared the standard, and was never recovered from the ruins of 
the late House of Commons. The original standard of weight, as 
prescribed in a statute of 51 Hen. IIL, called Assiza Panis et Cervisia, 
was that an English ope § called the sterling, round without clipping, 
should weigh 32 grains of wheat, well dried and gathered out of the 
middle of the ear; and that 20 pence should make an ounce, and 
12 ounces a pound.* 

In 1838 a ry Commission was appointed to consider the best 
mode of replacing the ruined standards of weight and measure. The 
report of the commission was presented to the government on the 
21st of December, 1841. The opinion was expressed therein that the 
definition contained in the act 5 Geo. IV. cap. 74, by which the 
standard yard was declared to be a certain brass rod was the best 
which could possibly be adopted. With regard to the restoration of 
the standard the commissioners were not prepared to recommend, con- 
formably to the said act, that it should be effected by taking the length 
which shall bear a certain proportion to the length of the pendulum 
vibrating seconds of mean time, in the latitude of London, in a vacuum, 
passing of th 
act above mentioned, it had been ascertained that several elements of 
reduction of the pendulum experiments referred to therein, were 
doubtful or erroneous, Dr. Young had shown that the reduction to 
the level of the sea was doubtful. Bessel and Baily had proved that 
the reduction for the weight of the air was erroneous : Baily had pointed 
out that the specific gravity of the pendulum was erroneously estimated, 
and that the defects of the agate planes introduced some degree of 
doubt., Finally, Kater had shown that very sensible errors were intro- 
duced in the operation of comparing the length of the pendulum with 
Shuckburgh’s scale used as the representative of the Tegal standard. 
On these grounds it appeared evident to the commissioners that the 
course prescribed. by the act would not necessarily reproduce the length 
of the original yard, They remarked, however, that several measures 
were in existence which had been accurately compared with the former 


oo 

* Here ,ends' the article on Standard Weights and Measures as it originally 
appeared in the ‘ Penny Cyclopedia’ from the pen of the late Mr, Sheepshanks, 
The iuation is mainly derived from a paper by Mr. Airy, published in the 
¢ Transactions’ of the Royal Society for 1857—* Account of the 
Construction of the New National Standard of Length, and of its principal 
Copies,’ vol, clxvii,, pp. 621-702, 
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standard, more especially the Royal Astronomical Society's scale, and 
the iron bars belonging to the Board of Ordnance, and they asserted 
that by the aid of these the values of the original standard might be 
restored without sensible error. They further expressed their firm 
belief that by employing due care it will always be possible to effect 
the restoration of a standard by the aid of material copies which have 
been accurately compared with them, more securely than by experi- 
ments having reference to any natural constants, They accordingly 
offered a series of suggestions, of which the following are the most 
important:— 4 

1. That so much of the act 5 Geo. IV. c. 74 as provides for the 
restoration of the standards in the manner therein mentioned, be 
repealed; and that the standard of length be defined in subsequent 
enactments of the legislature, either by the whole length of a certain 
piece of metal or other durable substance, supported in a certain 
manner, at a certain temperature; or by the distance between two 
points or lines engraved on the surface of a certain piece of metal or 
other durable su ce, supported in a certain manner, at a certain 
temperature ; but that the standard be in no way defined by reference 
to any natural basis, such as the length of a degree of meridian on 
earth's surface in an assigned latitude, or the length of a pendulum 
vibrating seconds in a specified place. t 

5. That four sets of copies (to be denominated the parliamentary 
copies) of the standards of length and hss be made, in all respects 
similar to the legal standards of length and weight (which are herein- 
after denominated the parliamentary standards), and as nearly as 
possible equivalent to them; their difference from the parliamentary 
standards, if appreciable, being carefully ascertained; and that the 
several parliamentary copies be distinguished by proper marks. 

6. That one set of the parliamentary copies be enclosed in a case 
hermetically sealed and embedded within the masonry of some public 
building; and that the place in which it is enclosed be pointed out by 
a conspicuous inscription on the outside; and that this set of copies 
be not disturbed without the sanction of an act of parliament. 

17. That the superintendence of the construction of the new par- 
liamentary standards be intrusted to a committee of scientific men, to 
ae by her Majesty, subject to the general instructions which 

‘ollow. 

18. That the superintending committee be instructed to combine, in 
the way which may appear most advantageous, the evidence afforded 
by the Royal Astronomical Society’s scale No. 46, and by the 3 feet 
bars of the Ordnance Survey; and by the use of these to construct a 
new standard of length, representing as nearly as possible the same 
measure as the lost standard. : 

The government, acting upon this report, appointed a committee of 
scientific men to superintend the carrying into effect of the operations 
recommended by commissioners. The committee thus formed 
consisted in fact of the commissioners themselves, who were requested 
by the government to continue their services. The following is a 
list of the individuals of which it was composed :—The Astronomer 
Royal, the Marquis of Northampton, the Lord Wrottesley, F. Baily, 
J. E. D. Bethune, J. G. 8S. Lefevre, Sir J. W. Lubbock, the Rev. G. 
Peacock, Rey. R. Sheepshanks, Sir John Herschel, and Professor Miller. 

The Earl of Rosse was subsequently appointed a member of the 
committee. Mr, Baily undertook to execute the operations for restoring 
the standard of length. The work relating to the standards of weight 
was undertaken by Professor Miller of Cambridge. [MitLer, WILLIAM 
Hatiows, in Broa, Drv.] 

The committee. having carefully considered the advantages and 
disadvantages of line measures, as compared with end measures, 
decided upon making the standard of | a line measure. 

The next point to be considered was the material of which the new 
standard was to be composed. A series of interesting experiments 
was made by Mr. Baily, with a view to this object. The committee 
finally decided upon adopting for the material of 
an alloy of copper, tin, and zinc, in the following proportions ;— 


Zine. : . . : . rs 

Mr. Baily next made a series of valuable experiments on the circum- 
stances which exercise a disturbing influence on the length of a bar. 
Captain Kater had found that the length of the bar is sensibly affected 
by small inequalities of the surface on which it rests. It resulted from 
this circumstance, that the same bar when compared with other bars 
at different times, might not indicate the same length. This was fully 
verified by the ex ents of Mr. Baily. It followed as a necessary 
consequence of this circumstance, that no reliance could be placed on 
the existing copies of Shuckburgh’s scale as representatives of the 
scientific standard of length, since we possessed no security that we 


were pray: ape dice. bog a consistent system, 

Besides Shuckburgh’s scale, which was found to be unworthy of 
confidence, there existed five other standards, which had been care 
compared with the imperial standard. Mr. Baily having obtained 
temporary possession of four of these, the Royal Society's 3-foot, brass 
scale, the Astronomical Society's ‘tubular scale, and the two 3-foot 
iron bars of the Ordnance Survey, instituted a series of careful com- 
parison’ of their lengths under Aferent conditions. The results of 
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these experiments were by no means as regards the degree 


of reliance to be placed on these bars, as representatives of the imperial 


Mr. Baily died in the autumn of 1844, At the request of the 
committee, Mr. undertook to continue the operations. 
It appeared to the committee that no reliance could be placed either 
on Shuckburgh’s scale, or on any other existing copy of the 
standard, the experiments of a os shown that the com- 
isons of those measures could not fail to haye been sensibly affected _ 
yy errors of different kinds. “ It was plain therefore that either in the 
scientific or the legal sense, the restoration ‘of the standard was inde- 
terminate, The formation of a new standard must be an 
de novo; the length must be confined within certain limits (wide in 
the scientific, narrow in the commercial sense), but within these it 
might have any definite value, and when that definite value was fixed, 
it must in no way be again referred to the old standards or scales, 
whether original or intermediary. The principal object now was to 
ensure constancy and definiteness to the new and its 
and means of reducing without sensible error the comparisons w. 
might be made with them. As far as depended on the standard itself, 
it was hoped that the construction adopted gave suflicient security, 
On sapurted She reaps of making seen De Se oe 
than had hitherto: been used was requisite. As regards the of 
temperature, it was n to create an entirely new system of 
thermometers, founded upon the natural constants, to be determined 
by appropriate physical experiments; and to use them in new deter- 
mit wun ends eee fh is that a change of 0°0: 
t was found in course of the experiments a ro) ‘1 
Fahr. produces a sensible effect in the measure of a bar. It was there- 


time when Mr. S 
not to be found in 


imperial 
which led him to adopt this resolution, that bronze 28 was as nearly 
as possible equal in length to the imperial standard, measuring in fact 
35-999992 in., that it floated evenly in quicksilver, and that it was 
nicely divided. 

Having now obtained a sati tative of the imperial 
standard, Mr. Sheepshanks made a great number of comparisons of the 
length of the new standard with other bars, in order to select from 
them four brary & copies of the standard, to be disposed of in 
the way recommended by the committee to the government. He also 
made careful compari of these with a great number of other bars, 
Hoa were intended for distribution throughout the empire and oe 
0 
details of his arduous and persevering labours in connection with this 
great national work. It may give the reader some idea of their magni- 
tude when we state, upon the authority of Mr. Any, that in the course 


He still continued to labour at his task when, in the summer of 1855, 
symptoms of a serious nature affecting his health began to manifest 

emselves. On the 28th of July in that year he was engaged on the 
comparing apparatus, and returned in the evening to his residence at 
Reading. On the following day he was struck with apoplexy, and died 
on the 4th of August, We quote the following tribute to his character 


e standard of length, |-by Mr. 


«Thus died—elmost in the scene of his labours, and. with" Bix 


He had, however, brought to a sete ie | 
great division of the standard-work which best suited his taste, having 
well overcome the last of the difficulties which had presented them- 
selves, and leaving the work in such a state that not a single additional 
comparison of line-measures was compared. All that was prance 
was to collect and arrange the papers, to complete some few means 
abstracts which he had been to finish, and to draw up such an 
account as I have attempted here.” (‘ Phil. Trans.,’ 1857, p. 684.) 

The form adopted for the standard, and for all its copies, is that of a 


solid square bar, 38 nen ee ee square in transverse 
section. Near {9.0908 e467: ical hole is sunk (the distance 
between the centres of the two holes being 36 inches): to tea 
05 inch. At the bottom of this hole is inserted in a smaller a 
lug or pin about 0°1 inch diameter, and upon the surface of this 


ld 
ly pin there are ont thies fine lines at intervals of about 0°01 inch trans- 


* ©Phil, Trans.,’ 1857, p. 646, 

+ They were chiefly of as recommended by the committee ; but 
there were also several of cast-iron and steel, 

{ Mr. Sheepshanks’ public services, in connection with the restoration of the 
national standard of length, were wholly gratuitous, 
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verse to the axis of the bar, and two lines at nearly the same interval 
parallel to the axis of the bar. The measure of length is given by the 
interval between the middle transversal line at one end and the middle 
transversal line at the other end, the part of each line which is 
employed being the Sea midway between the longitudinal lines. 
The other transversal lines were used in the operations of comparison 
for assigning the scales of the micrometers. 

committee having carefully examined the numerous bars placed 
at their disposal by Mr. Sheepshanks, agreed in considering the bars 
denominated by him bronze 19 and bronze 28, as exact copies of the 
imperial standard, and they resolved that bronze 19 should hence- 
forward be regarded as the new national standard. 

The final of the committee addressed to the Lords Commis- 
sioners of her Majesty's Treasury was signed on the 28th of March, 
1854. The following are a few extracts from this im it document : 

19. “ The report of 1841 recommended (article 5) that, besides the 

standard, there should be prepared four copies, to be deposited in 
to be afterwards determined. 
ions of these bars corresponding to a given change 
perature had been sufficiently determined in the course of the 
ute Ethel expedient, instead of stating the 
in length of the sel 


bars at the same temperature, to 

infer the difference of temperature which would cause all to represent 
shay Ng A A applicatio i shes cages be possible to 
i at which eac! represents precisel, 
ii tacts 2 ona yond tunis Weak Soacodk tak Gia lange of once urd 
as given by the lost imperial standard, is represented with no sensible 
in the measures of the imperial standard itself, 


uncertainty, except : 
by the following bars, at the temperatures placed opposite to them. 


. Bronze 19 or No. 1, at 627-00 Fahrenheit. 
Bronze 20 or No. 2, at 61°94 Fahrenheit. 
Bronze 2 or No, 3, at 62°10 Fahrenheit. 
Bronze 7 or No. 4, at 61°98 Fahrenheit. 
Bronze 10 or No, 5, at 62°16 Fahrenheit, 
Bronze 28 or No. 6, at 62°00 Fahrenheit. 


21. “The degrees of temperature for the use of these standards are 
defined as mal to the ing apparent increase of 
volume of quicksilver in the thermometer tube ; the degree 32° repre- 
senting the freezing point of water; and the degree 212° representing 
the temperature of steam under Laplace's standard atmospheric pres- 
sure, or the atmospheric pressure corresponding to the following 
number of inches in the barometric reading reduced to 32° Fahr. :— 
29°9218 + 0°0766 x cosine (2 latitude) +0-00000179 x height in feet 
above the sea; and the degree 62° denoting the temperature which 
produces in quicksilver an apparent expansion equal to foot the 
expansion between 32° and 212°; and so in proportion for other 


“ We propose that the bar No. 1 be adopted by the legislature 

as the iamentary standard of one yard; that Nos. 2, 3, 4, 5 be 
as i tary copies; and that No. 6 be retained by some 

officer of the government for the comparison of other bars, or for other 
scientific purposes in which reference to the standard may seem to be 


5. “ After careful consideration we recommend :— 
“That the copy of length standard, No. 2, and the copy of weight 
standard p.c., No. 1, be deposited in the Royal Mint. 
“That the copy of length standard, No. 3, and the copy of weight 
standard, P.c., No, 2, be transferred to the Royal Society. 


“That the of length standard, No. 5, and the copy of weight 
standard, 0, No, 3, be deposited in the Royal Observatory of 

reenwi 

“That the of length standard, No. 4, and the copy of weight 


standard, p.c., No. 4, be immured in the cill of the recess on the 
east side of the lower waiting hall in the New Palace at Westminster. 
40. “ After due consideration of this question, referring to the 
reasons explained in Chapter II., of the report of 1841, December 21, 
we adhere to the recommendation contained in that chapter, and 
embodied in Articles 1 and 2 of the same report, that no reference 
be made to natural elements for the values represented by the 


standards. * 

41. “ We consider the ascertaining of the earth’s dimensions and of 
the length of the seconds pendulum in terms of the standard length, 
and of the weight of a certain volume of water in terms of the 
standard weight, as philosophical determinations of the highest import- 
ance, to the prosecution of which we trust that her Majesty’s Govern- 
ment will always give their most liberal assistance; but we do not 
urge them on the government at present as connected with the con- 
servation of standards.” 


the 
fire of the Houses of Parliament, and to the donb onsetaioed by 


scientific men respecting the adequacy of the methods provided by the 
said act for their restoration, it then announces the labours of the com- 
mittee of weights and measures, describing the construction of the 
new standards of weights and measures, and their parliamentary 
copies, and specifies the places in which they have been respectively 
deposited. It then proceeds thus :— 

“And whereas it is expedient to legalise the standards so con- 
structed, and to provide for the preservation thereof: Be it therefore 
enacted by the Queen’s most excellent Majesty, by and with the advice 
and consent of the lords spiritual and temporal and commons in this 
resem parliament assembled, and by the authority of the same as 

ows :— 

“T. So much of the said act of the fifth year of king George the 
Fourth, as relates to the restoration of the imperial standard yard, 
and of the standard troy pound respectively, in case of loss, destruction, 
defacement, or other injury, shall be repealed. 

“II. The straight line or distance between the centres of the two 
gold plugs or pins in the bronze bar deposited in the office of the 
Exchequer, as aforesaid, shall be the genuine standard of the measure 
of length called a yard, and the said straight line or distance between 
the centres of the said gold plugs or pins in the said bronze bar (the 
bronze being at the temperature of sixty-two degrees by Fahrenheit’s 
thermometer), shall be and be deemed to be the imperial standard yard. 

“VIL. If at any time hereafter, the said imperial standard yard and 
standard pound avoirdupois respectively, or either of them, be lost, 
or in any manner destroyed, defaced, or otherwise injured, the com- 
missioners of her Majesty’s Treasury may cause the same to be restored, 
by reference to, or adoption of, any of the copies so deposited as afore- 
said, or such of them as may remain available for that purpose.” 

For an account of the restoration of the standard of weight, we 
must refer the reader to a paper by Professor Miller, printed in the 
‘ Transactions of the Royal Society,’ for 1856 (‘ On the construction of 
the New Imperial Standard Pound, and its Copies of Platinum ;’ and 
*On the Comparison of the Imperial Standard Pound with the Kilo- 
gramme des Archives,’ ‘Phil. Trans.,’ vol. exlvi., pp. 753-946). We 
shall merely quote from the new act the following extracts relating to 
the standard of weight :— 

“T. So much of the said act of the fifth year of king George the 
Fourth, as relates to the restoration of the standard troy pound, in case 
of loss, destruction, defacement, or other injury, shall be repealed. 

“TII. The said weight of platinum marked P.S., 1844, 11]b., de- 
posited in the office of the Exchequer, as aforesaid, shall be the legal 
and genuine standard measure of weight, and shall be and be denomi- 
nated the imperial standard pound avoirdupois, and shall be deemed to be 
the only standard measure of weight from which all other weights and 
other measures having reference to weights’ shall be derived, computed, 
and ascertained, and one equal seven-thousandth part of such pound 
avoirdupois shall be a grain, and five thousand seven hundred and 
sixty such grains shall be, and be deemed to be, a pound Be: 

“VII. If at any time hereafter the said imperial standard pound 
avoirdupois be lost, or in any manner destroyed, defaced, or otherwise 
injured, the commissioners of her Majesty’s Treasury may cause the 
same to be restored by reference to, or adoption of, any of the copies so 
deposited as aforesaid, or such of them as may remain available for 


that purpose.” 

WEIR, or WEAR, is a dam erected across a river, either for the 
purpose of taking fish, of conveying astream to a mill, or of maintaining 
the water at the level required for the navigation of it, 

The erection of weirs across public rivers has always been considered 
a public nuisance. Magna Charta (c, 23) directs that all weirs for the 
taking of fish should be put down except on the sea-coast, By the 12 
Edw. IV. c. 7, and other subsequent acts, weirs were treated as public 
nuisances, and it was forbidden to erect new weirs, or to enhance, 
straighten, or enlarge those which had aforetime existed. Hence in a 
case where a brushwood weir across a river had been converted into a 
stone one, whereby the fish were prevented from passing except in 
flood-time, and the plaintiff's fishery was injured, this was considered 
to be a public nuisance, although two-thirds of the weir had been so 
converted without interruption for upwards of forty years, And it was 
laid down, that though a twenty years’ acquiescence might bind parties 
whose private rights only were affected, yet that no length of time can 
legitimate a public nuisance, : 

The provision of the Roman law as to the maintenance of public 
rivers (flumina publica) against any impediment to navigation, or 

inst any act by which the course of the water is changed, are con- 
tained in the Digest (43 tit. 12,13). 

WEIRS. The constructions, whether of stonework, timber, or earth, 
by means of which the waters of a river are retained to a given height, 
or are diverted in any required direction, are known in the arts by the 
name of weirs, or dams ; and they are principally used for the purposes 
of creating mill-heads, artificial navigations, or head-waters for irriga- 
tions. They may either be placed directly across a stream, or in the 
line of its flow; and when p in the latter direction, they may be’ 
made to regulate the height of the stream by the level of their crown, in 
which case the weirs are called waste weirs, or tumbling bays, because 
the excess of the waters, beyond the quantity necessary to keep the 
surface up to the level of the crown, falls over the weir, and escapes 
through the byewash, without producing any useful effect, ; 


The height of a weir is, of course, regulated by the depth of the 
water required to be upheld, and in many cases they are made in such 
a manner that the upper portion may be raised or lowered at will, In 
river navigations this variable height is often of great importance on 
account of the great differences which occur in the volume of the 
stream; but in millworks the waste weirs are usually made to perform 
the function of regulators, thus leaving the water line near the shuttle 
at a constant level, Weirs across rivers are always’ accompanied by 
lock-chambers, or by flushing sluices, according to the nature of the 
traffic, in order to facilitate the passage from the level of the upper 
to the lower reach of the stream; and whenever lock chambers are 
formed, it is important that their tail bays should fall again into the 
main stream at a point beyond the influence of the water falling over 
the crown ofrthe weir. In forming these structures it is n y to 
guard against the syphonic action of the water ponded up in the head 
bay, which has a great tendency to penetrate the materials composing 
the weir, and to blow them up, should their specific gravity not be 
such as to ensure the stability of the structure; and also to guard against 
the undermining action of the water falling over the crown of the weir. 
On the former account it is desirable that the height of the head waters 
should be kept as low as possible, with regard to the convenience of, 
the peculiar service considered ; on account of the latter it is desirable 
that the down side of the weir should present a gradually inclined 
slope, so as to obviate the effects of the cataract, which would exist if 
the lower face wall were vertical. In many cases the weirs, which are 

across rivers, are made to present an angle to the course of the 
stream, in order to offer a greater length, and consequently a smaller 
depth of water, on the crown; but there can be no absolute rule in 
this matter, as in so many of the other practical details of hydraulic 


engineering. A 
The thickness of water falling over a weir is calculated by the 
formula «= 0-64 a/ ( 2), in which =the thickness sought; @=the 


discharge per second; and L= the length of the weir, It is, however, 
important to observe that although the effect of these weirs is to cause 
an accumulation of waters on their upper sides, the greatest depth is 
not found immediately upon them, but at a certain distance above 
them in the line of the stream. The surface of the fluid, in fact, 
assumes a convex form before arriving at the weir, the curve of which 
commences at a point on the up-stream dependent upon the velocity of 
arrival. It is considered that the outline of the curve is a portion of 
an hyperbola, whose summit is above the weir before the waters begin 
to fall, and whose asymptote is the line of the natural mean fall of the 
waters before the establishment of the weir. According to d’Aubuisson 


and Guilhem, the equation to this curve is ( } ee 
rm Hl 
in Gh gi in which «= the horizontal distance from any point 
H 


in RA curve to the weir; y =the height to which the waters are heaped 
up at that point above the original level; n= the greatest height to 
which they are raised ; and p= the fall of the river, in this case sup- 
posed to have a straight course. As a general rule, the crown of a 
weir across a stream is kept at about 8 inches, or a foot, below the 
height calculated for the augmented depth. 
ery good models of leading weirs have been executed by Smeaton, 

on the river Carron; by Telford, on the Weaver; and by Stevenson, 
on the Ribble and on the Dee. The American engineers have intro- 
duced a very economical form of weir, consisting of what is called 
eribwork of timber filled in with loose rubble ; and the Dutch engineers 
execute with surprising skill weirs or dams of earthwork, bundles of 
reeds, and fascines. A very ingenious description of moveable weirs 
is used upon the Seine, in order to close the passage of the subsidiary 
channels in the og lone g it. was invented by M. Poirée, and has 
been described by him in a pamphlet upon the subject. The waste 
weirs, and the head weirs of the majority of English mill streams, are 
rudely constructed earthen banks, which are too often undermined, 
and left in a very unsatisfactory state of repair : our canal weirs are, 
however, skilfully formed, as a general rule. Upon the great Indian 
irrigation canals the most extraordinary works of this description are 
to be oh a one meee Pow reearbee for a description of them, to 
Gen Baird Smith's, ‘ Indi igation,’ and to his ‘ Irrigation of 
the Madras Provinces.’ pss 

Upon some of our rivers, structures composed of basket-work are 
placed for the purpose of arresting the progress of fish in their migra- 
tions up or down the stream, which are known by the name of fish 
weirs, These structures do not interfere with the conditions of flow 
of the rivers, and as their efficiency for the desired end must be regu- 
lated by the habits of the fish they are designed to catch, the mode of 
their construction must be regulated by local conditions, 

WELD. (Cotovrrne Marrers.] 

WELDING is the process of ep berg of metal by hammering 
when hot. It depends OF Fen iefly possessed by iron and the 
allied group of metals; is illustrated by the details given under 
Cottery ; Inon; Sreen; &e. 


WELLS, The term Well is, generally speaking, applied to any 


upholding stratum ; and 5, on the existence of other wells, 


WELLS. 


excavation sunk in the ground, for the purpose of obtaining, or of 
pee Mew of water ; the technical distinction between the two 
of wells being that the former are known by the simple name of 
mat weed by the names of dead — = ed wells, _ 
as the water escapes by deep seated, or by superfici ea 

Areal fos airelay been 


The distinction between Artesian and common wells 
referred to under ARTESIAN WELLS; and that between a shaftand a 
well consists in the fact that shafts are generally dry, and are intended 
to give access to galleries, tunnels, or subterranean workings, whereas 
wells are intended to act as reservoirs of water. 

Common wells are made by sinking an excavation an uppe 

rmeable, or ially permeable, stratum, which lies upon an 
impermeable one, in such a manner as to allow the water falling upon 
the surface to percolate through, and to accumulate in, the upper 
stratum. The depth to which it may be necessary to ’ 
well will then depend on 1, the permeability of the water- 
stratum ; 2, on its area; 8, on its thickness; 4, on the relief 


Fi 


es 


& 


of draught upon the source of supply. The diameter of the 
depend upon the rapidity with which the water will enter 

sides, or bottom, to replace the consumption ; it being always o' 
that there are @ priori advantages in making the well of lange 

sions, in order to obviate the effects of the stagnation of the 
which affects small quantities more rapidly than it does lager 
The construction of the sides, and of the margins of the % 
depend entirely upon the nature of the ground traversed, and upon its 
greater or less tendency to cave in. 

Generally speaking, the margin of a well intended to supply water 
for domestic use is executed of watertight masonry, and the well 
is lined with masonry of the same description to some considerable 
depth, in order to shut out from the well the infiltrations from land- 
drains, and from surface waters. In England this part of the work is 
done in brickwork and cement, or in cast iron; abroad it is commonly 


22 
eal 


i 
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ae 
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ma: 
in many cases be effected by what is called dry steining, or brickwork 
to 


But there is another reason of far more serious importance why the 
ordinary wells of towns are at the present day being ually 
abandoned, in the contamination to which they are exposed from the 


may, it is true, provide an — 
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; pon 
following the joints of clea: , or the vertical fissures which so com- 
monly occur in those rocks. Jf then, wells sunk 


clear internal diameter), there 


increased supply by dom 

headings or Padi the latter class of materials, however, it 
frequently happens that very beneficial results are obtained by thus 
: ing t ~ a. 


sively the edges of the divisional planes. 


making the height of the heading as great as possible, 
edges of a great number of the beds. 

The water obtained from superficial wells is raised to the surface by 
some one or other of the ordinary machines. Where the consumption 


may be driven by hand, by wind, 
as may be most advisable. All wells are 
ing; for not only does the 
contain tisfactory chemical 
i standing in them, but it is also found that by ievi 
Pressure upon the 
become increased. 


pon a water-bearing stratum, the level of the 
the normal water-line in the latter ; 
dispersed throughout the stratum, 


'p- 
ton, to get rid of the uid matters of cesspools by sinking them into 
the = rae the bottom 
diffused themselves 


nuisances of a very serious nature, 

rigorously forbidden and carefull 

is no legislation on any part 
derground H 


ie appliquée aux Arts.) 
AN 


pellation given by the Romans themselves to 
the nation of Gaul, who, as Cesar tells us, called themselves 
Celts (“ qui i i Celt, nostra Galli appellantur”), Wallia 
and Gallia only by a letter, and Gallic and Gaelic have as close a 


The hich the Welsh hemsel uD 6) 
name whi ive to themselves is “ ymry,” and to 
their language “ ig,” Sete resemblance of the sound of 
has led many to Suppose them identical with the 
The meaning now 
this meaning does not seem to have 
eceurred to any Welsh scholar before the Rey. John Walters, who first 


assigned to the word ' 


y | within the British islands. These are 1, the Trish, which prevails in 


different parts of Ireland : 
3, the Manks 
Man: 4, the Welsh, or language of 


m,” prevalent in some departments in 
Lower ittany in France. All of these 


different parts of our own island, are, or are not connected. 
The prevalent opinion for a long time had been that they were dialects 
Schlézer and Adelung 
hin Suspicions of the correctness of this view; and Sir Willi 


Magazine’ for 1836 and 1838, 
which he announced, that the most intimate knowledge of the Gaelic 


es ; but the 
want of connection between 


syllabie words in the introductory portion of Neilson’s Trish Grammar, 
about 270 in all, he found of , 


Words perfectly identical with corresponding Welsh terms in 


Sense and 0: 140 
Clearly : 3 : ; ‘ r : : et Tee 
Derived from the Latin, Saxon, &., repetitions and compound 

terms . *. rs oN fe . ; ° 40 
Peculiar to the Gaelic 50 


“Tn the Grammar,” he added, “ prefixed to Armstrong's Gaelic 
Dictionary there is a i 
of the whole, are unequivocally 


translationfof John Knox’s 
Carsewell, Bishop of the Isles, which was issued at Edinburgh in 1567, 
four years before anythi i i i 
The Rev. Thomas Macla: 


the circumstance that 

about 1690, three thousand copies of Bishop ell’s Irish version of 
the Bible were printed for the benefit of the Scottish Highlanders, and 
a gentleman who was living about 1807, 
remembered hearing the Irish Bible used in the services at the parish 
church of Kirkhill, near Inverness, It was not till pre soon 
after the a of Macpherson’s first ‘ Specimens o; “4 
that the Society for Propagating Christian Knowledge in Scotland, 
resolved on en ing a translation of the Scriptures into Scottish 
ic, and it was not till 1801, that a complete version existed in 


sw 


om It would appear, therefore, that while in the reign of Queen Eliza- 
h, 


t of Ireland. a Se of a. 
tegration appears to be still going on with the Iri in Ire- 
land iteclf-a separate version of the New Testament in the dialect of 
Munster was issued in 1858, and it is not improbable, therefore, that 
in the 20th century, there may be a larger number of Celtic languages 
stated to be in existence than in the 19th. The dialects of Irish vary 
so much, that it is said that Irishmen from different provinces who 
are acquainted even imperfectly with English, often fmake use of 
English in conversation with each other. An Irish clergyman, who 
had been a missionary to Shang Haé, informed us that he had been 
a witness to the use of English as the most convenient medium of 
intercourse by the natives of different provinces in Ireland, and the 
natives of different provinces in China, Campion, an English writer 
of the year 1571, says, that “ the true Irish indeede differeth so much 
from that they commonly speake, that scarce one among five-score 
can either write, read, or understand it.” The Gaelic is now itself 
divided into two dialects, which seem to have a tendency to diverge 
more and more. Forms of speech which are frequent in the version of 
the Scriptures printed in 1801, are not found in the curious collection 
of Gaelic stories taken down from the lips of Highland narrators, and 
published by Mr, Campbell of Islay in 1861, one of the most careful 
records of oral language in existence. The so-called Manks language 
is a kind of corrupted Gaelic, more different to the eye than the ear, 
from being written in a less artificial system of spelling. The system 
of “orthography” of Irish and Gaelic is so excessively complex and 
difficult, that those who speak them are often unable to read them 
even when they have learned to read English. 

The three forms of the Gaelic branch of the Celtic family of languages 
are thus intelligible witha little trouble to any person who isa thorough 
master of one; but this is not the case with the three forms of the 
other branch. The affinity between Welsh and Bas-Breton is much less 
than has been sometimes asserted. The best evidence on this point is 
that of the Rev. Thomas Price, a distinguished Welsh scholar, who madea 
tour through Brittany in the summer of 1829. “I may,” he says (‘ Cam- 
brian Quarterly Magazine,’ vol. ii. p. 197), “be asked a question which 
I should myself have proposed to another upon a similar occasion, had 
I never visited Brittany, and that is, if the Welsh and Breton languages 
bear so near a resemblance to each other as is generally understood, 
where was the necessity of having recourse to the French as a medium 
of communication! Why not converse with the Bretons in the Welsh 
at once? . To this I answer that, notwithstanding the many assertions 
which have been made respecting the natives of Wales and Brittany 
being mutudlly intelligible through the medium of their respective 
languages, I do not hesitate to say that the thing is utterly impossible; 
single words in either language will frequently be found to have corre- 
sponding terms of a similar sound in the other, and occasionally a short 
sentence deliberately pronounced may be partially intelligible, but as 
to holding a conversation, that is totally out of the question.” 

One of the earliest and most valuable books of research and infor- 
mation on the Celtic languages in general is the ‘Archwologia Britannica, 
giving some account additional to what has been hitherto published of 
the , histories, and customs of the original inhabitants of Great 
Britain, from collections and observations in travels through Wales, 
Cornwall, Bas-Bretagne, Ireland, and Scotland, by Edward Lhuyd, 
M.A., of Jesus College, Keeper of the Ashmolean Museum at Oxford.’ 
The first volume, a closely printed folio on ‘ Glossography’ appeared 
in 1707, and was never followed by a second, the continuation of the 
work being prevented by the death of the author in 1709. Lhuyd 
had travelled in all the Celtic countries to collect materials, and 
was only driven from Brittany by the outbreak of Marlborough’s war. 
He unfortunately adopted a ss system of orthography for the 
Welsh, and took a singular whim of displaying his knowledge of Irish 
and Cornish, by writing prefaces in Irish and Cornish to of his 
book; the first of which is censured by Irish scholars as full of sole- 
cisms, and the second was a ‘sealed book,’ till portions of it were 
lately translated into English by Mr. Edwin Norris. But his work com- 
prises a valuable comparative collection of vocabularies, and a large 
body of miscellaneous information on the manuscript literature of the 
Celtic languages, similar to the information on the northern languages 
which was brought together by his friend Dr. Hickes in 1705, in the 
celebrated ‘Linguarum Septentrionalium Thesaurus.’ Lhuyd left 
behind him a large collection of manuscript materials for the con- 
tinuation of his work, which have unfortunately perished—by three 
separate accidental fires in London and Wales. The next student of 
Celtic on an equally extensive scale appears to have been the famous 
and tnfesidee Maaeee Aram, who refers to the subject in an auto- 
biographical letter written in 1759, while he was in confinement in 
York Castle, not long before his trial and execution. “I investigated the 
Celtic,” says Aram, “as far as possible in all its dialects ; begun collec- 
tions, and made comparisons between that, the English, the Latin, the 
Greek, and even the Hebrew. I had made notes and compared above 
three thousand of these together, and found such a surprising affinity, 


gradually separated from 
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even beyond my expectation or conception, that I was determined to 
gromed thacugh the whole of all these languages and form a com- 
agen lexicon, which I hoped would account for numberless vocables 
in use with us, the Latins, and Greeks, before concealed and unobserved. 
This, or something like it, was the design of a cl of great 
erudition in Scotland, but it must prove abortive, for he died before he 
executed it, and most of my books and are now scattered and 
lost.” This laurel was not destined for a British head. Nearly a 
hundred years later, in 1853, appeared at Leipsic the most im 
contribution yet made to Celtic philology, ¢ e ‘ Grammatica 
of Professor Johann Caspar Zeuss of berg, 
thirteen years to the necessary preliminary studies. The book, which 
extends to two volumes, comprising more than eleven hundred : 
embraces a grammar of the Celtic languages in a mass, the 
Welsh, Cornish, Armorican, and ancient Gaulish, constructed on an 


Ib 


egant. The value of the work, which is 
in the minute and careful scrutiny to which Zeuss has subjected the 
manuscript materials for a knowledge of the early state of . 
» which are scattered in the libraries of 
continent, and which he for the first time brought er, 
materials mostly consist of ‘ Glosses,’ or translations of single 
or passages in the margins, or between the lines of old Latin 
of the classics, Specimens of interlineary Welsh of this 
to be found in a manuscript of Eutychius and Ovid in the Bodleian 
Library at Oxford, of the conclusion of the 8th or commencement 
of the 9th century, while the ‘ Black Book of Caernarvon,’ and 
the ‘Red Book of Hergest,’ the oldest manuscripts of unbroken 
Welsh, are ascribed by the best judges to the 12th and the 14th 
centuries, and are thus later in date by no less than four and 
hundred years. A-steady light was also thrown by Zeuss on the 
ancient Irish from study of the ‘ Glosses’ in manuscript, which 
lay unnoticed in the libraries of Germany and Italy; in some cases, as 
in the library of St. Gall in Switzerland, founded by the Irish — 
forgotten fora 


i 


a 
total contrast in its tone and spirit to that which had too 
prevailed in this branch of investigation. The students who follow 
the track opened in the ‘Grammatica Celtica’ have no pleasant path 
before them—it leads amid “ Glosses,” and other such literature as 
only the severest philologists can tolerate and none can relish—but 
their footing is on firm dry ground. Zeuss is not indeed averse to 
speculation any more than his German colleagues in general, one of his 
views being that Irish and Welsh were identical not long before the 
invasion of Cesar, as Irish and Gaelic were identical a hundred 
years ago. But there is a wide difference between such views as these, 
open to discussion as they are, and the wild hallucinations to which 
Celtic scholars have been too often subject. Pezron, the Breton in- 
vestigator, maintained in 1703, in perfect good faith, that Welsh and 
Breton, which he considered the same language, had been “the lan- 
guage of the Titans, that is, the language of Pactra, Jupiter, and the 
other principal gods of heathen antiquity.” The Rev. Joseph Harris, — 
a res} ble Baptist minister of Swansea, editor of the ‘Seren Gomer,” 
observed in 1814, very gravely, that ‘it is supposed by some, and no 
one can disprove it, that Welsh was the language spoken by Adam and 


nations of the earth be of one tongue.” 
of his observation, not only has the honour of being the of 
Paradise been positively claimed for other languages—for Basque by 
several authors, for Dutch by Goropius Becanus, for Gaelic by Mr. 
Maclean, author of a ‘ History of the Celtic Language,’ in 1840—but 
there is a Welsh tradition, unknown to Mr. Harris, which ex 
states that Welsh was not the language of Paradise, but the first 
language spoken out of it. The Rev. John Williams ab Ithel, editor 
of the ‘Cambrian Journal’ for the Cambrian Institute, in his 
to an ancient grammar of Edeyrn, which he edited in 1856 the 
Welsh Manuscript Society, speaks in a tone of assent of the assertion 
that there are only three ages of divine origin, that of Adam, that 
of an assertion gro 


of Moses, and the Welsh; and unded on bardic — 
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tradition respecting the word by which the world was created, and its 
embodiment in the first letter of the ancient Welsh alphabet. Passages 
like these, which are but too common in the works of some Celtic 
scholars, have had the effect of disgusting many with the study of 
Celtic antiquities. 

Some of the more important conclusions to which Zeuss’s researches 
conduct, are embodied by Mr. Edwin Norris, of the Foreign Office, 
in the valuable observations on the Cornish language, appended to his 
edition of the remains of the ‘ Ancient Cornish Drama,’ printed at the 
University Press at Oxford in 1859. “The superior antiquity of the 

_Irish over the British language is now,” says Mr. Norris, “scarcely 
doubted ; it is seen as well in their grammatical as in their glossarial 
relations. The declension of the Irish noun is even yet in existence, 
and it is shown with much probability to have been closely allied to 
that of the oldest Indo-European forms at an early period; of the 
British, the only remnant left is a Cornish genitive, and a scarcely 
discernible trace in Welsh.” He then produces several instances in 
which, as in teagh and ti, Irish and Welsh for ‘‘a house,” and nochd 
and nos, Irish and Welsh for “ night,” letters are dropped in Welsh 
that remain in Irish, and argues for the greater antiquity of the fuller 
form. “It may look like the Faery of an editor,” he continues, “to 
ascribe a greater antiquity to Cornish than to Welsh, in the face of the 
universally adverse opinion, but the writer confesses that he is inclined 
to consider the Cornish the older of the two ;” and he gives his grounds 
for so doing, principally founded on the fact that it is shown by the 
glosses produced by Zeuss, that “in the 8th century Welsh had Cornish 
forms and words which were lost or altered in the 12th.” From these 

remises Mr. Norris infers that “Cornish is the representative of a 

once current over South Britain at least.” If these views be 

correct, the Welsh will lose their claim to the honour they have so 

long retained of being considered the representatives of the “ Ancient 
ritons.” 

A good comparative dictionary of the Celti¢ languages would be 
an acquisition to philology, and is much required. The Rey. Robert 
Williams, of Llangadw , author of the ‘ Lives of Eminent Welsh- 
men,’ announced in 1860 that he had completed a labour of the kind, 
the publication of which would be commenced as soon as a sufficient 
number of subscribers could be obtained. One of the publications of 
Prince Louis Lucien Bonaparte supplies material for a comparison of 
the different dialects not otherwise attainable. It is enti ‘The 
Celtic Hexapla’ (London, 1858, 4to), and comprises the Song of Solo- 
mon in eight languages, which are all presented to view at the opening 
of any page—French and ish, Irish and Welsh, Gaelic and Manx, 
Breton of the ordinary form, and Breton of the dialect of Vannes. 
The two latter translations were first printed in this volume; the others 
are taken from the authorised versions. 

The degree of prevalence of the ancient Celtic element in Europe,— 
the area over which the various dialects were spoken, and the remains 
of them which may be still traced out,—is a subject upon which much 
has been written, but which still awaits its Zeuss. It is however an 
antiquarian subject alone; it is certain that no Celtic language is now 
spoken on the continent beyond the limits of Brittany. The Basque 
of the Pyrenees, so often asserted to belong to the Celtic family, is as 
distinct, both in words and construction, as can well beimagined. The 
notion of Dr. Owen Pughe that the Wendish of Lusatia was a 
akin to Welsh, is as wide of the mark as the strange notion which 
found its way by a series of blunders into Adelung’s ‘ Mithridates,’ 
that a Celtic dialect was spoken at Maldon in Essex. The small value 
of Dr, Owen’s statements on such a subject is shown by his declara- 
tion in the preface to the edition of Llywarch Hen, published in 
1792, that he had “a collection of evidence sufficient to convince as 
great sceptics as any that will see this” that “the Nadowesses, a 
people west of the Mississippi in America, known to the Indian 
_— by sae ages ae egg Measeae and the Welsh oe 

now actually e We .” «These e,” he 
confidently added, “are the descendants of the pe earn the 
conduct of my ab Owain Gwynedd in the year 1170.” The remains 
of the extinct Celtic languages of the continent are singularly scanty. 
A few scattered words are all that is preserved of the speech of ancient 
Gaul—the language that prevailed in France at the time that Cicero 
wrote in Italy. These words bear so close a resemblance to those of 
the same meaning in Welsh, as to justify the assumption that there was 
little distinction between the dialects of France and England at the 
earliest dawn of history. Whether we ought to believe that the 
“Celts” who are mentioned by different writers of antiquity in 
different parts of Europe were all closely connected with one another, 
or all even rightly named, is a perplexing question. The most reliable 
evidence now attainable on the subject appears to be that of the names 
of places, and these must be very cautiously sifted. Dr. R. G. Latham 
reminds philologists that there is no connection beyond a mere resem- 
blance in name between Gallicia in Spain and Galicia in Poland. 
A large collection of materials of this kind has been amassed by 
Dieffenbach in his ‘ Celtica,’ and a work on the subject by Contzen, 
* Die Wanderung der Kelten,’ which received a prize from the Academy 
of Munich in 1856, has (in 1861) just issued from the press. 

The question of the affinity of the Celtic languages to the other 
lan of the world is one has given rise to considerable debate 
since the epoch that was made in comparative philology by the intro- 
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duction of the study of Sanskrit, about the commencement of the 19th 
century. In preceding centuries Welsh had been often compared with 
Hebrew. ‘It is commonly observed,” says Llewellyn in his ‘ His- 
torical and Critical Reniarks on the British Tongue,’ “ that the British 
and the Hebrew are similar languages,” on the ground of their being 
alike in many peculiarities of construction, especially in permutation 
or the change incident to several letters in the beginning of words, 
and also in the paucity and confusion of tenses in the conjugation of 
verbs, and in the binding together in one word of some prepositions 
and pronouns. This d of resemblance is certainly not sufficient 
to place the Welsh and the other Celtic languages in the Semitic family, 
but in these respects it does resemble the Hebrew and differ from the 
Greek and Latin, which form a portion of the Indo-European family to 
which it is now adjudgedeto belong. The Indo-European family, or 
rather tribe,is now so extended that it comprises many languages 
formerly regarded as entirely disjoined, such as Greek and Persian, 
Russian and English,—while the Semitic only comprises a very small 
circle of languages bearing a close resemblance to each other—a circle, 
in fact, no larger than that of the Celtic family alone. 

The history of the controversy is an instructive one. For the first 
thirty years of the 19th century the Celtic languages were supposed, 
to quote the words of the Rev. Richard Garnett, “to form a class 
apart, and to have no connection whatever with the great Indo- 
Euro stock. This was strongly asserted by Colonel Vans Kennedy, 
and maintained, though in more guarded terms, by Bopp, Pott, and 
Schlegel. The researches of Dr. Prichard in his ‘ Eastern Origin of 
the Celtic Nations,’ and of Professor Pictet of Geneva, in his truly 
able work, ‘ Sur l’Affinité des langues Celtiques avec le Sanscrit,’ may be 
considered as having settled the question the other way. The demon- 
stration of Pictet is so complete, that the German scholars who had 
previously denied the connection, now fully admit it, and several of 
them have written elaborate treatises, showing more affinities between 
Celtic and Sanscrit than perhaps really exist.” The work of Dr. 
Prichard, himself a Welshman, is entitled ‘The Eastern Origin of the 
Celtic Nations proved by a comparison of their dialects with the Sanskrit, 
Greek, Latin, and Teutonic Languages.’ The first edition appeared in 
1831 ; a second, with extensive and important additions by Dr. R. G. 
Latham, in 1857. On the subject of the Celtic languages in the 
British Islands, there are some valuable and really instructive papers by 
the Rev. R. Garnett, in the ‘ Quarterly Review,’ and the ‘ Transactions 
of the Philological Society,’ which are collected in the posthumous 
volume of his ‘ Philologieal Essays,’ edited in 1859 by his son. 

The Welsh language is one of the oldest in Europe: the Irish and 
Welsh are in fact among spoken languages the most ancient of 
which any written monuments are preserved, unless we regard the 
modern as identical with the ancient Greek, The Welsh has poems 
now in existence, the origin of which is believed by the best critics to 
date back to the 6th century, to a period little after the time when 
the Romans left the country, in which of course, while they held 
it, the dominant lan was Latin. It is true that Zeuss has 
shown that the language of these poems, when originally composed, 
must have differed in a considerable degree from that of the form in 
which they are preserved to us, and that one of the most learned 
Welshmen of a century ago, the Rev. Evan Evans, says in his ‘ Speci- 
mens of the Bards, published in 1763, that he had shown the most 
genuine remains of Taliesin to the best Welsh antiquaries and scholars 
then living, and that “ they all confessed they did not understand one 
half of any of his pieces.” It is true also that Price, in his ‘ Hanes 
Cymru,’ a book intended for ordinary readers, found it necessary to 
give a modern Welsh version of an ancient Welsh poem, which he 
quoted from Gwalchmai, a bard of the 12th century, who is said to 
have accompanied Ceeur de Lion to the Crusades. Still from about 
the Norman conquest downwards, there exists a mass of literary matter 
in a language which is readily intelligible to those who are acquainted 
with the modern Welsh after a slight degree of study. A similar 
observation is perhaps applicable to no other living European language 
except the Icelandic, The language of the Saxon contemporaries of 
Taliesin has been a dead lang for centuries, and even in the time 
of Gwalchmai the present English was as yet unborn, 

The Welsh has long been an object of study to those who speak it. 
“There are,’ says Owen Pughe (f Archologia,’ xiv. 220), ‘about 
thirty different old treatises on Welsh grammar and prosody preserved. 
Of these, one is particularly deserving of notice as a curious relic: it 
was composed by Geraint aboas 880, revised by Einion about 1200, and 
again by Edeyrn about the year 1270, and regularly privileged by the 
different sovereigns who then exercised authority in Wales.” This work 
was first printed by the Welsh Manuscript Society in 1856, under the 
editorship of the Rey. John Williams ab Ithel. A portion of a grammar 
which appeared in 1567, from the pen of Griffith Roberts, and of which 
mention will be made hereafter as remarkable on other accounts, is 
remarkable also as containing some —— on the subject of Welsh 
orthography of an ingenious character, which were not however adopted. 
Two Latin grammars of the language followed, the ‘ Cambrobrytan- 
nice Lingue Rudimenta’ of Dr. David Rhys, in 1592, and the ‘ Antique 
Lingue Britannice nune communiter dictee Cambro-Britannice Rudi- 
menta’ of Dr. John Davies, in 1621, both of them much esteemed, 
There are now several grammars of the Welsh language in English, of 
which that by the Rev. Thomas Rowland, the second re which 
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was mp in 1857, may be recommended as the most satisfactory. 
idtionaries are lead ftitierdtis. 

grammar, published in London in 1682 4 Welsh and Latin dictionary 

* Antiquié Pingus Britatinic Dictionarium Duplex, which continued 

in repute for & detitury atid a half, till superseded by that of Dr. Owen 

Pughe, This work, ‘ Geiriadur Cyinfaay a Saesoneg, A Welsh and 
English Distionary,’ with 4 gtathtnar pfefixed, published if two aate 

tinted Seta¥o volutiies if 1793, atid again in 1829, is still the ofly 

felch dictionary on a sufficiently extensive stale, and is a work of 
great labour and imetit, but it is opeti to seriotis objections. The nut: 
ber of words it contains is nearly 100,000; but matiy of these are corii- 

nuinida, formed on regiilar principles, which only serve to swell the 
Book, and many of them are otily words which otight to exist in Welsh, 
according té the lexiéogfapher’s opinion, father thai words which 
actually exist ifi it. third edition is ow (1861) in course of piibli- 
cation, under the éditorship of R. J. Pryse, whio 3 that the 
work shall contain “ scores of thousands” 6f Words fot in the previvis 
editions. As Owen’s comprises Welsh and Eiiglish only, not English 
and Welsh, the watit of the latteF was formerly stipplied by the excel- 
lent Eiiglish-Welsh dictionary of the Rev. Jolin Walters, of which a 
new ahd iniproved edition was published about 1825. The ‘ English 
and Welsh Dictionary’ by Daitiiel Silvan Evans, in tio thick foltimes 
(Deiibigh, 1852-1858), is however still-superiot to that of Walters. 
There are 4 Compendious gramiiar and dictishaty by Mr. Spufrell of 
Carniarthet, both of which will be found useful. Some information on 
the Welsh dialects is given in the ‘Essay on the Antient and Presetit 
State of the Welsh Language, by Mr. John Hughes, ptiblished about 
1820, There are differences if pfotitiiiciation and idiot stiflicieritly 
markéd to render it difficult for poeta froti retnote districts to éon- 
verse With each other; atid North Wales is moré pure and correct in 
its laiguage that South Wales. ; : 

_ ‘Tlie systeti of spelling ih Welsh corresponds with and raprestiits 
the proniinciation, and iti that respect it has a matked superiority not 
only over its kindred Celtic languages, the Irish and Gaelic, but, as we 
daily feel to ou cost, Over the English. There are at the same tiie 
some pectiliarities in Welsh spelling, the motive of which is tot very 
plaifi, atid the effect of which is often ludicrotis. The sound which is 
getierally represented by the letter v is ii Welsh tepresented by f, 
even in proper fiaiies, so. that protiouticing Calvi atid Virgil ot 
uiilike ourselves, a Welsliman writes “Calfin” and “ Firgil.” The 
sound represented iti the Kiiglish alphabet by f is Lg agate in Welsh 
* by g's and thus Fox and Franklin must be written fox atid Ffranklin, 
as, if spelt in the ordinary matinef, a Welsh reader might pronoutice 
them Vox and Vranklix,  Sotte effets have been made by Oweti 
Pughe and others to introduce the missing v into the Welsh alphabet ; 
and it is usual for English writers to follow his systeini if spelling 
Welsh hames—to write Metthyt-Tydvil, for ifistahee, itistead of 
Merthyr-Tydfil. Bit the advattage of utiformity is so great, that 
though the presetit systeni staréely dates further back than the 16th 
century, and though there are several etoentricities like that with the #, 
fesistance to innovation lias hitherto tritimphed. 2 

It has been said, that in English the grammar is exéellent and the 
dictionary is execrable. The gratiimat of English is, iti fact, distiii- 
guished by ifs great comparative freedoti from needless complexities, 
while ita list of words coriprises thousands that a careful writer will 
carefully avoid. In Welsh, almost the converse is the case, For tise: 
less intricacy ite grainniar has 4 bad pre-ettiineri¢e, It is pervaded 
from first to last by 4 éertain law of ‘ permutations,” the fattire of 
- which will best be understood by an instaiice. Tie word for “ father” 
in Welsh is tad ; the word for “ny” is fy : but to say Fy tad for “ tny 
father” would be a tinpardofiable solecist. After fy, every word 
beginning with a ¢ must changé the ¢ to nh, atid the correct phrase is 
therefore fy nhad. The word for “thy” is dy; but after this a 
different change is requited: “thy father” is dy dad. The word ef in 
Welsh nieans “his” of “ her,” but accutding to the sense requires 4 
different mutation to follow: “ his father ” is expressed by et dad, and 
“her father” by a thad, Soie of the letters, as ¢, Have three of these 
mutations to undergo, some only tivo, sonie only one, dad somie fotie 
at all. There is a miiltitude of intricate rules to determitie in what 
circumstances the differetit mutations Aré to be used, atid at the same 
time the existericé of letters which undergo no mititationis whatever, and 
the words begining with which ate just as elegant and forcible with: 
out them, proves to denionstrativt the titter uselesstiess of thé whole. 
In the other Celtic languages there is a sittilar system, but hot carried 
quite ao far as in the Welsh, The principle has beett getierally don- 
sidered to be peculiar to that family of languages in Europe; but 
Prince Louis Lucien Bonaparte, in his extensive researches among the 
obscurer tongries, has discovered slight traces of mutation itt sorie of 
the dialects of Sardifia. In the coniplexity catised by ati intricate 
system of decléfisions atid conjugations there is generally sortie Gorm 
pensation obtaitied in 4 stiperior precisioti atid forse; but there is 
nothing of the kitid if mutation. Its origiti was long a subject of 
debate. In some compounds of words it was plait that attetition to 
éiphony had given rise to it, The opposite to “ possible,” in English, 
is “ impossible” : both worda are taken from the Latin, and the “in” 
privative, a8 it is called, is altered to “im” itt this atid other eases 

fore the letter p, to avoid unpleasatitness of sound. ‘Tlie Welsh have 
also borrowed the word posit from the Latin, and for “ impossible ” 


Dr. John Davies, the atithor of the th 


they say anmhosibl. The Welsh particle atiswWering  ouF “ tin” is ain: 
1é collision of « and was aleo to be avoided ; vib ii of 
the last letter of the an, they alteréd the first lettet of posidl. 
lately been pointed out by and his school; that in 
where p is altered to mh, it was in the old forms of the 
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principle, 
Aizappeated in the actual state of the — The rules 
tiohs are at the present day mere arbitrary riles, the 

if a8 ttiknown to those who practise thei As 
“wright” with w atid gh is ufkhowii to tlie school 
taught to spell. After all these sacrifices to hartiony, the Welsh 
ever been considered hatmoniotis by those of whom it was hob 
ivbther-tongue, though 4 writet iti the ‘ Cambriatt Register’ for 
- that “ strangers to both languages frequently mistake the 
‘or Italian.” 

The principal beauty of Welsh as latiguage Gonsists in the 
Which it possesses of forinitig derivatives and cotmpoutids, and 
pleteness with which that power has been éxeéfvised, i 

Nifigeniots tise of every root, aiid thus avoiding thi seless 
of terms from other langtiagés which has beet ettried to such an 
abstitd extent in . Matty foreign words have indeed been 
introdueed itito Welsh, but they have been 80 assifiiilated to those 
fiative otigin as often tot to be easily detected. The whole la 
seéths of a piece. But there is this advatitagé ih a langage ih 

the grammar is superior to the dictionary: that by a skilful choiee of 
words, by litniting himself, liké Metastasio, to & certain séleet voeabiiz 
lary, ati atithor may exclude ftom his writings all but the beatities of 
the latiguage; while ifi the opposite éisé, the defects—as in W 

the rules for mutation—are fiécessarily ifivolved ih every sentence 
intrude at every turny These rules alone make it much more 

for ati Englishiian to learn to speak Welsh than for a Welshinan to 
learn to speak English. pe 

The general character of the Welsh langtiage in éoiiposition is that 
of & ofan stateliness, and evéh grandiloquencé, the feversée of what 
would probably be expected by sttatigets who know fof how long it has 
beeti the laiigtiage of tle peasantry dlofie and discouttenanced by 
higher classes. In its effect, it reminds a reader more of the S 
thah thé Germati. It his been sonietimes praised for its coficiseness, 
but in its rit state it tiay be much more justly characterised as 
diffuse. The words in the first paragraph of the Pugrin’s 3 
“T looked and saw iti open the book and fead therein, and as he 
read ie wept atid treftibled,” are thus rendéred in the Welsh translation 

+ Thomas Joties, published at Shrewsbury in 1699, “ Kdrychais a 
gwelais ef yn egor y Llyfr ac yi darllain ynddo; a phan ddarllenodd 
ef wflodd a chrynnudd.” In this there afe exactly as many Words 
as in the original, nately, nineteen ; but iti the translation published 
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ta 
Eee 


aE 
Hie 


it 


eae caer ke eee 
"Mi a édiye ac ai’ ais ef yn yir ae yi leh yndd 
ac fel yr oedd efe vie datllet fé Weoad ac ‘id oh ; 


a sere the 
nutuber of words is twenty-eight. Thé sinie proportions seéfit 1 
prevail betweeti the language of the two trafislations in general, 

The Welsh are sneae? attached to theif language: The Irish, 66 
vehemetitly opposed to the Saxon if religioi and politics, are ih 
matter of language far ftom Obstitiate: Daniel O'Contiell; the 0 
orator, and Moore, the patriotic poet, were igiorant and careless 
the Celtic tongue. It is sail that the peasantiy ate so anxiots to 
sectire to their children that mastery of English of which they feel 
the watit themselves, that they have a forfeit for speaking Irish, and 
enforce it on the children in their cabitis with as fiuéh severity as 
a forfeit of a sitiilar kitid is enforced on the pupils ii ati Eng) 
boarding-school. Under the itfluence of this feeling the Celtié 1 
of Ireland appeats to be slowly but strely loging growid, while 
English language is indebted to Ireland for some Of its finest 
tovelists, atid most brilliant oratuts, with a long afray 6 —— 
labourers of a less atnbitiotis class: With Wales all this is di 
The Conimissioners of Inqiiisy into the state of Hdtication im Wales, 
give it as their opitiion in their official report, that “ the Welshinan 
apr 4 mastery over his own latiguage faf beyond that which the 

hglishmah of the sathe degrée has ovef his;” and that“ réadiiiéss 
aiid propriety of expression to an extent moré than merely éolloquial, — 
is a feature in the iritellectual character of the Welsh.” But the Welsh 
are eloquent atid podtidal ift thei own langiiage ofily, They lave 
contributed no bard, fio orater, io historiati, no dramatist; no r 
4 bw a) or the second, or even the third ratk, to the literature of 

flat 

he use of two langwages iti the same couritry cantiot bit be eoti- 
sidered as an evil, for it is an élemient not of eoncord but of diseord. 
The experience of the dontinent, iti the case of German atid Danish, 
arid of German ard Hungatian, shows that ander certain citeuihstatices 
it may even become a source of civil war. It is an admitted fact that 
atitipathy and animosity towards the Saxon still lurk athong that portion 
of the Welsh population to whoin English is 4 language either en th. 
unknown, of kiowti but itiperfectly. There is a well:atith 
story that in the tite of the Comménwealth, Sir Bdward 
of St, Donat's Castle, flying from the victorious Rotindheads after 
a lost battle, came to the river Taff, and finding the bridge broken 


83 WELSH LANGUAGE AND LITERATURE. 


* 


‘WELSH LANGUAGE AND LITERATURE: 854 


down, asked in the English language of a Welsh t who was 
standing near, where he might safely ford the stream, He was told 
in re: ep alae on, for that is the shortest and best way to 
thy home.” Sir Edward rede on ta the bank, and chanced before 
entering the water to speak a few words to his soldiers in Welsh, on 
which the peasant, peresiving he was not an Englishman, called out in 
haste to him not to enter the stream at that point, for if so he would 
lose his life. There was a whirlpool on the apot, to which the 
malignant peasant, when he thought Sir Edward a Saxon, had directed 
the stranger with a view todrown him, Such feelings are far from 
extinct, even in modern times, unless those who are well acquainted 
with Wales are much mistaken. 

The Welsh 1, e is now in a very flourishing state. The fate of 
its neighbour, the Cornish, which ually perished of mere neglect, 
led to the supposition that the Welsh would also Simsppesr from the 
same cause; and indeed Mr. Wynne, the president of the Asiatic 
Society, himself a Welshman, referred to the decline of Welsh as a 
proof of the efficacy of the non-interference system in such cases, in 
a@ discussion on the subject of endeavouring to introduce the English 
in the place of some of the native languages of India, More than a 
century ago, Goronwy Owen, the Welsh poet, related in one of his 
letters (printed in the ‘ Cambrian ister’), that in a discussion on 
the Welsh language with another Welshman, Owen, the translator of 
Juyenal into English, “ the wicked imp, with an air of complacency and 
satisfaction, said there was nothing in it worth reading, and that to 
his.certain knowledge the English daily got ground of it, and he 
doubted not but in a hundred years it would be quite lost,” The 
experience of the time that has since elapsed has shown that Mr. 
Owen was mistaken, ‘ For upwards of ten centuries,” says the Rey, 
W. J. Rees, in an address delivered in 1821 on the formation of the 


Cam) Society in Gwent, “since the reign of Offa, who made 
his celebrated ayna to prevent incursions the Welsh into his 
territories, the Welsh language has receded comparatively but little 


within the boundary, especially in some parts of North Wales; and in 
other districts, when ae. long lapse of time since the conquest by 
Edward I., and the intimate incorporation by Henry VIIL, and the 
great encouragement given for the attainment of the English language 
are considered, it has gained less ground than could be expected. An 
Englishman travelling the publie roads of the mag aed often meets 
with persons who speak English, and those whom he has occagion to 
address at the inns are able to accommodate themselves to his language : 
the gentry he may visit speak English, and those who call upon them 
ey use the same language in his hearing ; and from these slight 
which come to his Mieewinien, he erroneously concludes that the 
English is the proveiling language of the country. It is only one who 
has resided a long time in the interior, haying intercourse with the 
common people, that can form a true estimate of the extent of the 
guage ; and most persons will readily assent to the truth of 
the assertion’ that the Welsh is the sole living speech not only of 
ds, but of tens of thousands, and eyen of some hundreds of 
thousands of the inhabitants of the principality.” (‘ Cambro-Briton,’ 
vol. iii., p. 229.) It not only holds its ground in the Old World, but 
has emigrated to the New. While Dr, Macleod, in the preface to his 
*Leabhar nan Cnoc,’ exulted in the hope that if Gaelic is destined 
to perish in the Highlands, it will survive beyond the Atlantic in 
the liying speech of numbers greater than eyer spoke it in Europe, 
the Rev, T. Price, in his ‘ Hanes Cymru,’ related with similar exul- 
tation that he had received from America some numbers of a Welsh 
iodical, the ‘ Cyfaill Hen Wlad, or ‘Friend of the Old 
try,’ which was publishing at New York, This progress con- 
tinues. In an account of the press in the United States in 1861 it is 
mentioned that five Welsh newspapers are printed in that country, a 
circumstance which may probably lead some future Celtic historian to 
infer the truth of the belief, so firmly entertained by some Welsh- 
men, that the language has flourished on the American continent since 
the days of Madoc. At the same time the periodical press of Wales 
itself is increasing yearly, while in the first number which ever appeared 
of a Welsh newspaper, not fifty years ago, a notion was stated that 
the language would hardly survive that generation, LKisteddyods or 
Bardic meetings, formerly rare, are now uent and more and more 
sega The call for bishops who understand the Welsh language 
been loud enough to compel ‘the attention of the English cabinet. 
At the i moment the patriotic aspiration so often on the lips 
of Welshmen, “Ocs y byd i'r iaith Gymreig,”—“ May the Welsh 
preg last as long as the world,’—appears in small danger of non- 
ent. 

If it be really decided that the language of “some hundreds of 
thousands ” is to continue to be cultivated amidst its native mountains, 
side by side with the language of sixty millions, to which fresh millions 
are added every year, care should be taken to ayoid the disadvantages 
that might arise hed such a state of things. The preservation of the 
old language ought to be combined with the cultivation of that which 
has grown up beside it,—of the great English language that has put 
a girdle round the earth, and is now spoken by mighty communities in 
each quarter of the world, and on the shores of every ocean, The 
“Cymro uniaith” “the Welshman of one language,’—a phrase in 
common use—is not necessarily more patriotic than the Welshman of 
two languages ; but he is, by @ great deal, a member of society leas 


capable of aiding others and of aiding himself, Were the English 
Janguage introduced into every school, and were the youth of Wales 
induced to make themselves %! orough! familiar with it, much good 
would undoubtedly be the result. The acquisition of the general 
language of the empire, of the language of great cities snd igh 
civilisation, and ample stores of learning, would open a new f 

to the abilities of many a young Welshman, whose ignorance of any 
but his natiye language confines him to a small circle and a narrow 
career—the general diffusion of English would inyite more frequent 
visitors from England to the loyely and romantic scenery of the 
principality, and a new era of more cheerful prosperity might dawn 
upon Wales, f 

Litgrature.—The quotation is peculiarly happy which was prefixed 
to a magazine entitled ‘ The Cambro-Briton,’ deyoted to the cultivation 
of Welsh literature: “ Nulli quidem mihi satis eruditi videntur quibus 
nostra ignota sunt.” 

The history of the literature of Wales is as peculiar as that of its 
language, It commences with poems ascribed to the 6th century, a 
period of almost classical antiquity, to which no living language of the 
Teutonic or Sclavonic families can be traced. It flourished undoubtedly 
in the 12th century, and its ‘ golden age” is referred to a date at 
which no English literature could be in existence, because the English 
language was as yet unborn. For the last six or seyen hundred years 
its course may be distinctly traced, almost the “solitary pride” of a 
nation, that, amidst all obstacles and struggles, has been remarkably 
constant in its attachment to letters, It is true that the yalue of this 
literature is not to be compared for an instant with the value of our 
own, but it is a literature eminently curious and eminently British ; 
and the apathy can pardly be explained with credit to English scholars 
that has allowed the subject remain as it has, in almost total 
obscurity and neglect, 

Perhaps the most valid excuse that can be pleaded is that obstacles to 
investigation were offered in the very quarter from which assistance 
might be looked for. A mass of unfounded and uncritical statement 
on the subject of Welsh antiquities is in existence and in print, 
which obstructs in the most annoying way the endeavour to arrive 
at a clear view of the subject, . “A Scotsman,” says Dr. Johnson, 
“must be a sturdy moralist indeed if he loves not Scotland better than 
truth.” “ How justly,” says Edward Williams, or lolo Morganwg, the 
most eminent Welsh antiquary of the 19th century, “might he have 
said the same thing of every Welsh antiquary that hitherto 
appeared in the world.” (‘Cambrian Journal,’ for 1860, page 18.) 
“ How many truly learned and ingenious literary gentlemen,” says the 
same writer in another place, “ applied to Mr, Evans and his fib-monger, 
Lewis Morris, for information relating to Welsh literature and 
Welsh antiquities, and how many of the most glaring falsehoods have 


fey bad in return from these fellows,” whose alleged ignorance and ~ 


aith he proceeds to expose. But the yery Iolo Morganwg whose 
words we haye quoted, and who up to his death, in 1826, was, and 
is even now regarded by many as the chief authority on Welsh litera- 
ture, is pointed out by others as absolutely still less worthy of 
confidence than any Welsh antiquary who preceded him. Not onl, 
therefore is the entrance into the cayern of Welsh antiquities dark and 
difficult, but the guides are not to be trusted. The national practice 
has not been in accordance with the national motto of Wales, “Y 
Gwir yn erbyn y Byd,” “ Truth against the world,” 

Another obstacle, though an inferior one, has been the difficulty of 
arriving at the materials for forming a judgment. The Welsh, as has 
been said, claim to be in possession of a body of poetical compositions 
extending over a period of thirteen hundred years, Till the com- 
mencement of the 19th century almost all the compositions for which 
this antiquity is claimed remained buried in the libraries of colleges 
and of private individuals, some so difficult of access, that Lhuyd, 
the soles of the ‘Archwologia Britannica, who spent his life in 
researches into Celtic literature, was never able to obtain a sight of 
some of the most interesting. This reproach was removed, after jnef- 
fectual appeals to the patriotism of the gentry of Wales, by the liberality 
of Owen Jones, a furrier in Thames Street, father of Owen Jones, 
the architect, so well-known by his publications on the ‘Alhambra, 
and his restoration of it at the Crystal Palace of Sydenham, At the 
expense of more than a thousand pounds Mr, Jones, the elder, collected 
and published, in 1801 and subsequent years, in three volumes, under 
the title of ‘The Myyyrian Archaiology of Wales,’ the chief produe- 
tions of Welsh literature for nearly nine hundred years, from about 500 
to 1400. In this task he was assisted by Edward Williams, better known 


by the name of Iolo Morganwg, or Edward of Glamorgan, already men-_ 


tioned, and by Dr, Owen, afterwards Dr, Owen Pughe. The enterprise 
was by no means undertaken too soon. ‘ A number of manuscripts equal 
to what now remains,” says Owen in the fourteenth volume of the 
‘ Archeologia’ of the Antiquarian Society, “hath perished through 
neglect within the last two hundred years, that is to say, since the higher 
ranks of Welshmen haye withdrawn their patronage from the cultivation 
of the literature of their native country. We haye still upwards of two 
thousand manuscript books of yarious ages, from the beginning of the 
9th to the close of the 16th century,” By the publication of the 
‘Myvyrian Archaiology’a vast mass of materials was placed out of 
danger, but it did not comprise the whole of what Jones intended to 
publish prin the library of the British Museum, no less than eighty 
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volumes of transcripts are now deposited which were intended for a 
continuation of the work. After the cessation of Jones's exertions, the 
old apathy returned, and more than thirty years elapsed before, in 
1837, an association was set on foot on the model of the Camden and 
aimilar societies, and under the name of the Welsh eq Society, 
for the purpose of publishing manuscripts, whether in Welsh or other 
languages, connected with Wales, The important provision was made 
in the rules, that the works in Welsh were to be accompanied with 
translations. The Society has not been so active as PB sceavnpe 
Since its foundation, it has scarcely issued five volumes, some of 
them are of a mere antiquarian and genealogical cast, The most 
important is that entitled ‘The Iolo MSS.,’ a volume of selections 
from the materials collected by Iolo Morganwg for the continuation 
of the ‘ Myvyrian Archaiology.’ At present (in 1861) it is said in the 
‘Cambrian Journal ’ that measures have been taken for “re-invigorating” 
the society, and we heartily wish them success. 

In the publications of this society the second step was begun to be 
taken of the three which are requisite to bring the literature of Wales 
fairly before the world. The first is, the publication of its monuments, 
as indispensable materials for all that is to follow; the second, the 
rendering of them accessible, by translations, to those who have not 
the opportunity of acquiring, in addition to the knowle of the 
Welsh language as it now is, that of all its variations from the time of 
King Arthur. The third will be, that of applying a judicious criticism 
to these materials ; of comparing, elucidating, and investigating ; sepa- 
rating the genuine from the spurious; and deciding their value. * When 
all this has been done, and not before, it will be possible to take a 
satisfac’ survey of the history of early Welsh literature, in which 
is involved the history of two of the most interesting points of modern 
literature in general, the origin of rhyme and the origin of romantic 
fiction, Under present circumstances many questions of interest must 
be left doubtful. 

The history of Welsh literature may be divided into four periods: 
from the earliest times to the Norman conquest of England in 1066,— 
from the Norman conquest to the Reformation, which nearly coincides 
with the i ion of Wales with England in the reign of 
Henry VIIL., in 1536,—from the Reformation to the commencement 
of the reign of George IIL, in 1760,—and from 1760 to the present 
time. 

The First Period, 1066.—The Welsh, it has been already stated, claim 
to be in possession of several poetic compositions of the date of the 
6th century, and these compositions are in rhyme, which would be, as 
far as is at present known, the earliest instances of that kind of com- 
position in Europe. The whole of them were printed in the ‘ Myvyrian 
Archaiology,’ in which they occupy one hundred and eighty-eight pages 
of double columns, nothing of which beyond ja few specimens had 
appeared in print before. The authors to whom they are attributed 
are :—Aneurin, who is supposed to have lived from 510 to 560; 
Taliesin, the Chief of Bards, from 520 to 570; ef Ped od Hen, or 
Llywarch the Old, from 550 to 640 ; and Myrddin, or Merlin, from 530 
to 600; besides Gwyddno, Gwilym ab Don, Golyddan, and others of 


minor importance, 
The authenticity of these having been impugned by two cele- 
brated ant i of the Celts, by Pinkerton, in his preface to 


Barbour, and by Laing, in a note to his ‘ Dissertation on Ossian,’ it was 
maintained by Sharon Turner, the Anglo-Saxon scholar, in his ‘ Vindi- 
cation of the Genuineness of the Antient British Poems of Aneurin, 
Taliesin, Llywarch Hen, and Merddin,’ first published separately in 
1803, and since appended to the successive editions of his ‘ History of 
the Anglo-Saxons.’ 

In this treatise Mr. Turner asserted the genuineness of the aucient 
poems on both internal and external evidence, The oldest copy of 
any of them extant occurs in an ancient manuscript called ‘ The Black- 
Book of Carmarthen,’ formerly preserved in the library of the Vaughans 


at Hengwrt in Merionethshire, which was brought together by Robert 
Vaughan, who died in 1666. This book is believed, by competent 
judges, to be of the 12th century; so that if forged at all the poems 


must have been forged as far back as that period, while in fact they are 
alluded to as ancient by writers of the centuries immediately following. 
If fabricated at that time, it is probable that they would have con- 
tained allusions to the popular legends respecting King Arthur, whose 
name had then become known throughout Europe as that of the hero 
of romantic tradition; while these compositions, professing to be 
written by contemporaries of Arthur, and frequently referring to his 
life and actions, always mention him ina sober, unexaggerated, strain, 
ectly consistent with the light in which he is presented by authentic 
ry. Finally the language is of an extremely antiquated cast, often 
obscure, and sometimes unintelligible, and altogether different from 
that of compositions known to be of the 12th century. 

The weak point in Mr. Turner's argument is that it proves, or 
assumes to prove, too much. If all that he advances were valid, the 
whole of the poems ascribed to the primitive bards would be genuine, 
but in fact some are demonstrably otherwise. There is a remarkable 
passage in Evans's * tere of the British Bards,’ published in 1763, 
every word of which has been confirmed by the most recent investiga- 
tions. Heh tery of Taliesin, Evans says, “ There are many spurious 
pieces ered on this bard in a great many hands in North Wales, 
but these are all forged, either by the monks to answer the purpose of 


princes of Wales to spirit up their countrymen against the 
which any body in 


the language easily find by the 
and matter,” Mase pie ar thowe mad publi i ‘M 2 
Archaiology,’ on the judicious ple laid down by its of 
tever was asserted to be of a n 


putting 4 Lieok and on rts a 
legree of antiquity, without any preliminary inquiry into justice 
of its claims. The opportunity thos atforded of subjecting oat to 


criticism has been taken. 

The two works in which the subject has been treated 
= beats Thon 8 ona, of’ Marth yds blished 

ymry,’ by Mr, Thomas Ste ° -Tydvil, pu 
1849, and ‘ Taliesin, or the Bards and Druids oy tant e Mr. D. 
Nash, of the Royal Society of Literature, published in 1858. 
Stephens is a Welshman of learning and of a critical habit of 
and a candour not always met with among his countrymen, Mr. 
is an Englishman who has studied Welsh literature with peculiar atten- 
tion and success. The conclusions at which arrive are almost 
i printed 
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same, Of the seventy-seven poems ascribed to Taliesin, and d in 
the ‘Myvyrian Archaiology,’ Mr. Stephens considers fifty-seven to 
‘demonstrably spurious, and of the remaining twenty pit are 
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twelve that he assigns with confidence to the time of Taliesin. Mr, 
Nash gives translations of more than fifty of these poems, many of 
which never appeared before in any other | "Welch; 
and the mere perusal of them is sufficient to show that the notion of 
their belonging to the 6th century is absurd. Poems which had been 
represented by some Welsh writers as full of allusions to the rites of 
Druidism are full of allusions to Roman Catholic theology, partly 
coon in eet Latin. One instance will be sufficient to show 
e nature 0: arguments, There is a poem, ascribed to Taliesin, 
prophetic of the fall of his country, in which occur the lines which are 
on the lips of every Welshman, and have been cited than any 
other lines in the language :— - 
** Eu Ner a molant, 
Eu hiaith a gadwant, 
Eu tir a gollant 
Ond gwyllt Walia,” 
“Their God they shall adore, 
Their language they shall keep, 
Their country they shall lose 
Except wild Wales.” 


Such a prophecy made in the 6th cen’ when the Saxons were 
contending with King Arthur, and the wauho Vobweaa ths ones was 
still goingion in Cumberland and elsewhere, would indeed be remarkable, 

a 


Britons, a prevalent belief after the time of Geoffrey of uth, 
who flourished under Henry I. ‘ 
While the authenticity of some of the most in ing supposed 


relics of Taliesin must ‘ore be given up, the critics who im 
them concur in believing that other portions are really genuine. 
Rev. Evan Evans in his ‘Specimens,’ Mr. Stephens, Mr, Nash, and 
others, are all of this opinion. Unfortunately, those of the seventy- 
seven which they respect are of a very small d of interest 
Taliesin, as he has descended to us, is certainly no Ossian—taking as 
the proper representative of the Gaelic bard the Ossian of Macpherson 
—nor is he even equal to Aneurin, still less to Llywarch Hen. 

Many of the fictitious ascribed to Taliesin occur in a 
legend of his life, which is itself a singular relic of literature. 
traditions of the great bard, relied on by Williams in his ‘ Lives of 
Eminent Welshmen,’ represent him as the son of a saint, a certain St. 
Henwg, and educated at the College of St. Cadog. Much of his time 
was spent at the court of Urien Rheged, a chieftain to whom many of 
his poems are addressed, but being once fishing at sea in a skin coracle 
he was seized by Irish pirates, who bore away with him towards 
Treland, eas oe bytes them in his coracle, while they were engaged in 
drunken revelry, he was tossed about at the mercy of the waves till the 
coracle stuck to the point of a pole in the weir of Gwyddno, prince of 
c at Aberdyvi. At the court of Gwyddno, who was himself a 
Saeed Fr remained = iy nanan By of the destruction of 

wyddno's country, rasa ing 0 6th cen! by an inun- 
dation of the pony LB converted what was dry Nand into the sent 
Cardigan Bay. After this time Taliesin went to the court of King 
Arthur at Caerleon on Usk, and on his death was interred at the spot 
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near Aberystwith which still goes by the name of Bedd Taliesin 
(Taliesin’s grave). 
The chief incident in this life ap’ 


shire, to watch a magic cauldron in which she was preparing a con- 
coction that was to bestow knowledge and genius on her son, i 
of his mistress by involuntarily drinking the three blessed 
drops which were to uce these wonderful effects. Of course 
he became endowed with sudden wisdom, and fled from the wrath of 
Keridwen, who at once pursued him. He fled in the form of a hare, she 
pursued in that of a hound; when nearly overtaken, he turned to a 
fish, and she to an otter; then he to a sparrow, and she to a hawk; 
was finally swallowed in the form of a grain of wheat by 
in form ofa hen. After nine months she was delivered 
of him again, was so handsome that, unwilling directly to 
tied him up in a leathern bag and threw him 
which he was rescued by Prince Elphin, the 
of Gwyddno, who, fishing for salmon at the weir of Aberdyvi, 
a child. instead. The prince looked disappointed in con- 
uence, and was addressed in consolation by the miraculous infant 
strain of poetry, the merits of which are anything but miraculous. 
This infant had such a splendid forehead that he received the name of 
Taliesin, which bears that meaning in Welsh. The narrative 
with a medley of incidents, i with of little or no 


aid 


ear en een eee aa Whe ores Of igscrsnos: 
It may be taken ‘ore as a proof that, at the time of its invention, 
‘the name of Taliesin was current in popular tradition as that of the 
; ees ene tee Set the poems ascribed to him in 
are as spurigus as the adventures are impossible, is no stronger proof 
Selon tbieus Vircive feats of sen a thlnan  pravare trenton 
stories about Virgil’s feats of necromancy are o! spuriousness 
of the Georgics and the Aineid. Rosnack: thi inakdandi ing the 
magic cauldron are traced by Mr. Nash to Irish and Icelandic fiction, 
and some, as the pursuit of Keridwen, bear a striking resemblance to 
passages in the ‘ Arabian Nights.’ The tale of Taliesin, and of course 
inserted in it, are traced with tolerable certainty to one 
Thomas ab Einion, a priest who flourished in the 12th century. 

Many of the ascribed to Aneurin are shown to be spurious 
by modern criticism, but that entitled ‘The Gododin, bears very 
strong marks of authenticity. Aneurin was one of the northern 
Britons of Strath Clyde, who have left to that part of the district they 
inhabited the name of Cumberland, in token that it was once in 

of a section of the Cymry. In this he laments the 
of his countrymen by the Sasons at the battle of Cattraeth, in 
consequence of their having partaken too freely of the mead before 
py in combat. He commemorates many obscure chieftains who 
oie ho: corer u Mogrieg ih prone ti Apel y mong 
of grief. portion o' poem been translated ray; a 
version of the whole was inserted by the Rev, Edward Davies in his 
4 of the Druids; and a translation of the whole works of 
as Gododin’ and the ‘ Odes of the Months,’ was 
published in 1858, by the Rev. John Williams ap Ithel, the editor of 
brian Journal.’ It may be taken as a proof of the authen- 
ticity of the original that the translators have had an opportunity of 
disputing, not only about the meaning of several of the passages, but 
even of the whole poem. The Rev. Edward Davies maintains that it 
relates not to the battle of Cattraeth, but to the massacre of the Welsh 
H at a banquet at Stonehenge. 
other Pieces of Llywarch Hen, Prince of 
the Cumbrian Britons, with a literal translation by William Owen,’ 
were published in 1792. Llywarch Hen, like Aneurin, was one of the 
warriors of Strath Clyde, and, like him, was driven to Wales by the 
of the Saxons. His poems are by far the finest of those 
ascribed to the primitive bards. Southey, who remarks that “their 
a ed by Mr, Turner ; and they are exceedingly 
the o oldest remains of Celtic poetry,” observes, in 
the notes to his ‘Sir Thomas More,’ that their “ general strain is as 
as it is rude.” According to Welsh tradition Llywarch 
Hen, or the Old, lived to the age of a hundred and fifty. 
His four-and-twenty sons and three daughters all died before him, as 
was natural in that case, but in his ‘ Elegy on Old Age and the Loss of 
his Sons,’ he enumerates many who had perished in war, and accuses 
himself of having caused their destruction. The staple of his poetry 
is bitter complaint of the woes of . “Those that loved me once 
now love me not,” he exclaims. “Ah death, why will he not befriend 
me? Lam outrageous! I am loathsome! Iam old.” Some ‘Lines 
to the Cuckoo in the Vale of Cuawg’ which are now ascribed toa 
certain Mabclaf ap Llywarch, who lived towards the close of the 14th 
century, are in precisely the same impressive strain. 


F 


Some of the remaining poems in the ‘Myvyrian Archaiology,’ are 
ascribed to two Merddyns, who have been amalgamated and made into 
the Merlin of romance. The same work contains a considerable 
number of anonymous pieces ascribed to the earliest bards; but the 
language is sufficient to show that their genuineness is more than 
doubtful. 

Strange to say, the only collection that has yet been published of 
the primitive bards of Britain, with a translation and explanatory and/ 
critical notes, is that by a Frenchman, the Count Hersart de la 
Villemarqué, ‘Poémes des Bardes Bretons du VIi™e siécle, traduits 
pour la premiére fois avec le texte en régard,’ Paris, 1850. The 
ingenious critic, himself a Breton, and the first collector of the 
ballads of Brittany, has unfortunately adopted the singular idea of 

rinting his Welsh text neither according to the ancient nor the modern 

Yelsh spelling, but according to the system proposed for the Breton by 
Legonidec, and the result is that it requires a separate study to decipher 
a line of his text. His prefaces and notes are written in a strain of 
hyperbolic enthusiasm, but have a foundation of good sense. He omits 
almost all of the poems of Taliesin as spurious, and he quotes the 
names of the French critics Fauriel, Ampére, and Magnin as concurring 
in the opinion that those which he gives are authentic. 

The earliest monument of Welsh prose would, if it were genuine, be 
the “ Wisdom of Cadog the Wise,” a collection of proverbs ascribed 
to St. Cadog, who is said to have lived in the 6th century, and to 
have been the friend and instructor of Taliesin, and one of the 
ornaments of the court of King Arthur. They are printed in the 
‘Myvyrian Archaiology,’ and in the Iolo MSS, there is a collection 
of fables and tales ascribed to the same St. Cadog. One of the 
tales is the story of the man who hastily slew his faithful dog from 
the erroneous supposition that it had killed his child, whom it-had in 
reality defended from a serpent. This story, which is told by St. 
Cadog, without name of person or place, is now the most popular 
legend of Wales, and sheds an additional charm over the scenery of 
Bedd Gelert, but the Gelert of the modern tradition, and of Spencer's 
ballad, is ‘The gift of royal John’ to Llewelyn ab Jorwerth, who 
married a daughter of King John of England. There can be no doubt 
that the language of the narrative in the Iolo MSS. is nearer to the 
time of Llewelyn ab Jorwerth than to that of St. Cadog, but unfor- 
tunately the original of the story is to be found in Sanskrit. 

The earliest Welsh prose of which the authenticity is unquestioned, 
is the collection of the laws of King Hywel Dda, or Howel the Good, 
who died in 748, after a reign of forty years, during the last seven 
of which he was monarch of all Wales, This code is divided into the 
laws of the court and the laws of the country, and under both heads 
it comprises a quantity of matter curiously illustrative of the manners 
of the times; it is assumed, for instance, that there is one cat in each 
village, and it is estimated as of precisely the same value as a sheep. 
The bards are endowed with many privileges, extending to receiving 
dues on marriages, to exemption from ing arms, and to various 
other sources of emolument and honour. The leading feature of the 
legislation is that every crime is punishable by a fine, even that of the 
murder of the king himself, which is to be atoned for, among other 
things, by “three golden cups, with covers each as broad as the 
offender’s face,” and as “ thick as the thumb of a ploughman who has been 
nine years in that employment, three silver rods of the same height as 
the king, and as thick as his thumb,” &c. &c, These laws were first 
em in a somewhat uncritical fashion in 1730, in Wotton’s ‘ Leges 

allice ;’ the last edition, in Welsh and English, is comprised in the 
* Ancient Laws and Institutes of Wales,’ issued in 1841 by the Record 
Commission, and edited by Aneurin Owen, the son of Owen Pughe, a 
much severer and more acute critic than his father. The earliest 
manuscript is of the 12th century; and Owen cautiously describes his 
text as the “ Laws, supposed to be ted by Howel the Good, modified 
by subsequent regulations under the native princes prior to the con- 
quest by Edward I.” “References are made,” he adds, “to laws 
ordained by Dyvnwal Moelmud, an ancient Regulus in the west, and ~ 
some triads are ascribed to him ; but these, although they contain ordi- 
nances likely to obtain in a primitive state of society, have no warrant 
of authenticity. We find mention of laws by Marsia, of an equall 
apocryphal origin.” The laws of Dyvnwal are supposed by some We 
writers to have been prevalent in Britain 400 years before Christ. The 
triads here mentioned belong to the historical triads, of which a portion 
is admitted on all hands to be of at least as late a date as the reign of 
King Edward I., and they will therefore be treated of in our notice 
of the second era of Welsh literature, commencing from the date of 
the Norman Conquest. 

Second Period—1066-1536. The epoch of the Norman Conquest 
of is one strongly marked in the literature as well as the 
history of Wales. Harok. the last of the Saxons, had overrun the 
country, and reduced it under princes] subordinate to himself, in 1063, 
only three years prior to his own overthrow at Hastings. ‘T'wo of the 
native princes, who were re-established on their thrones before the 
close of the 11th century, Gruffydd ab Cynan, prince of North Wales, 
and Rhys ab Tewdwr, prince of South Wales, came from abroad, the 
one from Ireland, and the other from Brittany, where two kindred 
Celtic nations were at that time in close intercourse with the Danes and 
the Normans. G dd ab Cynan gave birth to a new erain Welsh 
poetry, and Rhys ab Tewdwr may have had some influence in the 
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production of the most interesting monument of Welsh prose—the 
stories of King Arthur, whose name was for so many centuries a 
household word on the lips of the English as well as the Welsh, 

The name of Arthur is tirst mentioned in the Latin chronicle of 
Nennius, who also mentions the name of the earliest bards, Taliesin, 
Talhaiarn, and others. The oldest manuscript of Nennius, which ig in 
the Vatican, is assigned by its editor and translator, the Rev, William 
Gunn, to the 10th century, But the Arthur of Nennius is very 
different from the Arthur of romance, who first appears in the pages of 
Geoffrey of Monmouth. Before proceeding, however, to deoteeg, whe 
wrote in Latin, some mention should be made of the earliest of Welsh 
chroniclers, Caradoc of Llancarvan. 

The history of the monk of Llancarvan contains the annals of Wales 
from the death of Cadwallader, a. p, 682 or 689, to the times of 
Caradoc himeelf, about the middle of the 12th century. It was con- 
tinued, as was the custom with monkish chronicles, by other hands, 
and a good deal more was added in the English translation made about 
1657 by the Welsh antiquary, Humphrey Liwyd, and published by Dr, 
Powell in 1584, The original Welsh remained in manuscript till 
included in the second volume of the ‘Myvyrian Archaiology,” A 
different “recension” of it is known under the name of ‘ Brut 
Tywysogion' or ‘ Chronicle of the Princes,’ and was printed in Wels! 
and English in 1860 in the collection issued under the authority of the 
Master of the Rolls. The chronicle of Caradoc is one of the less 
attractive kind of monkish histories, dry and jejune like the 
‘ Anglo-Saxon Chronicle,’ which goes over much of the same period, 
but affording a useful skeleton and ground-work for less succinct 
historians. It has never emerged into much notice, 

Far different was the character and the fate of the ‘ History of the 
Britons,’ by Geoffrey of Monmouth, archdeacon of Monmouth, and 
bishop of St. Asaph, who was consecrated to his bishopric in 1152, and 
died in 1154. Geoffrey closes his narrative by the death of Cadwal- 
lader, at which Caradoc begins, and tells us that he left the story there 
on purpose for his friend Caradoe to continue, His ‘ History of the 
Britons’ opens with the destruction of Troy,and the coming of Brutus, 
the coloniser of England, from Troy to Britain; and goes on, through 
the stories of Locrine and Lear, and Cymbeline and Gorbodue, to the 
legends of King Arthur and his conquests, and the prophecies of the 
enchanter Merlin, The work had a wonderfuland a sudden success, As 
it is dedicated to Robert of Gloucester, the illegitimate son of Henry I., 
it must have been issued before 1147, the date of his death; and Alanus 
de Insulis,a Breton writer, who died in 1187, speaks of Arthur as 
then universally known, “ Whither,” he exclaims, “has not the 
vame of Arthur the Briton been carried by Fame? What region of 
Christendom has it not reached? Arthur is almost better known to 
the Oriental nations than to the Britons themselves, as our pilgrims 
returning from the East declare,” There was, doubtless, exaggeration 
in this, but there was doubtless also some foundation in truth; and 
the work of Geoffrey of Monmouth is the main source of the fame of 
Arthur. Translated and versified 5 | Wace and Layamon, it became 

pular in French and English. For many centuries the story of 
fonts, whose name is first mentioned by Nennius, passed for authentic 
history : in the pedigree of Henry VII., drawn up for him by Welsh 
heralds, the line of the Tudors is traced to Brutus as its founder; and 
even so far onward as in the time of Milton, the great poet gave way 
to his inclination te insert, though with an apology, these poetic stories 
in his history of England. With the poets, indeed, the success of the 
story of Geoffrey of Monmouth is still prolonged, and has burst out 
into fresh brilliancy in our own generation, The greatest work of 
Shakspere is founded on the legend of King Lear, Both Milton 
and Dryden projected an epic on the story of King Arthur, and Pope 
an epic on the story of Brutus, Walter Scott, who lamented that 
the court of Charles had 


“The world defrauded of the high design ” 


of Dryden, himself paid tribute to Arthurian fiction in his ‘ Bridal of 
Triermain.’ Jn our own days Bulwer Lytton has given us his finest 
poetry in his epic of ‘ King Arthur, and Alfred Tennyson has achieved 
one of his brightest triumphs in his ‘ Idylls of the King,’ 

Geoffrey of Monmouth was attacked with singular vigour by a 
contemporary antagonist—the chronicler, William of Newburgh. 
“In our days,” says the critic, ‘a writer has emerged, who strings 

her the most ridiculous figments about the Britons, raising 
them, with impudent vanity, above the Macedonians and Romans. 
Geoffrey is the name of this man, who is now called ‘ Arthur's 
Geoffrey’ (Galfridus hic dictns est, agnomen habeng Arthuri), because 
taking some fables of Arthur from the original figments of the 
Britons, and adding others of his own, he has coloured them up in the 
Latin language, and decked them with the name of a genuine history.” 
It will be noticed that the worthy chronicler, who adds more to the 
same pu , admits in this passage that the object of his indignation 
did not entirely invent his narrative, substance, details, and all, but 
that some “ridiculous figments” about King Arthur were current 
before he took pen in hand, There must therefore have been Welsh 
traditions on the subject. 

The account which Geoffrey himself gives of the origin of his history 
is this; that Walter Calenius, archdeacon of Oxford, finding a book in 
Brittany. on the deeds of King Arthur, gave it to him to translate, 


neither more nor less than a version of this original. It is so 
that if he wished his production to ue for a history, it was ad 
to say something of this kind, and it has been so customary 
of fiction to do so, from before Tirant the White down to after Don — 
Quixote, that this statement carries no great wag fa itself. At first 

a cin Welsh 


Tysilio,’ which corresponds 
niuokily, however, it is evidently 


haying a fayourable opinion of his Latin style, and that, his work is 


k fr elsh into Latin, and in my old age I turned it again from 
Latin into Welsh.” The perplexity is therefore only increased by 
statement which introduces the name of Walter, the archdeacon, n 
merely as the patron of Geoffrey, but as himself the translator. 
is fresh material for controversy in the question whether the book 
to have been found in Brittany may not have been in Breton, hee 
of Welsh, and both Mr, Thomas Wright, and Mr. Stephens, of Merthyr __ 
Tydvil, have arguments in favour of the Armorican origin of the legend — 
of Arthur, but no such book is to be found in the one . 
\more than in the other, George Ellis, the friend of Sir Walter -: 
in the introduction to his ‘ mens of the early English Romances’ 
in which there is an admirable analysis of Geoffre od Mennioae gives — 
from a 


reasons for believing that his history was really translated 
Welsh original, 
There are still extant in Welsh a series of chivalric legends 
to the time of King Arthur and the Round Table, which ; 
have existed in a rude shape before the time of Geoffrey of outh, — 
and furnished him with some of his materials, In their en ™: 
they are much more elegant and finished than in his on and = 
h may 
ina 
ible 


~ => 


1 ot 


J 
embrace stories and particulars that he would hardly have passed 
had he known them. These narratives now go by ype aor 
of the ‘ Mabinogion,’ or Children’s Tales, the name * 
appropriate to some being applied to all. contained 
splendid manuscript volume of more than 700 pages, in doubl 
columns, preserved in the library of Jesus College, at Oxford, and 
known by the name of the ‘Red Book of Hergest,’ from the place at 
which it was originally disgovered, The date of its pring oy) bs 
been assigned by antiquaries te about 1370, or the close of the 14th — 
century; but towards the end of the volume there are inserted, it is — 
supposed in his own handwriting, many of the poems of Lewis Glyn 
Cothi, who flourished in the 15th, after the invention of printing, 
Were the date of the composition of the tales no earlier than 
of their transcription, they would not be original. stories » 
the ‘Knight of the Lion,’ the ‘ Knight of the Sword, ‘Lancelot 
of the Lake,’ and others which occur in Welsh prose in the ‘Red 
Book of Hergest,’ were extant in French yerse from the c 
Chrétien de Troyes before 1200, and as early as 1225 the Arthurian a 
tales had been translated from French verse into Icelandic atthe = 
instance of King Hakon Hakonsson of Norway. — It is to be observed. 
also that the manuscript volume contains other tales than those belong- 
ing to the Arthurian cycle, ‘Sir Bevis of Hampton,’ the ‘Seven Wise 
Masters of Rome,’ and the ‘ History of Charlemagne! This is poir - 
out in the valuable preface and notes appended to the edition of the 
*Mabinogion’ in Welsh and English, published in the years between 
1838 and 1849, in three large yolumes, by Lady Charlotte Guest, now 
Lady Charlotte Schreiber. The ‘Mabinogion,’ the most attractive 
lady's book in the Welsh language, has appropriately been edited by a — 
lady, and the volumes are in typography and embellishment by far the — 
handsomest that have ever issued from the Cambrian afer ee, 

On the whole, though there are arguments against it into which our 
limits will not permit us to enter, the preponderance of evidence seems 
to be in favour of the Welsh origin of the romantic fictions connected 
with the Round Table of King Arthur, and thus of the Welsh 
origin of chivalric fiction in general, The reasons in support have 
been ably summed up in an ‘ Essay on the influence of 
Tradition upon European Literature,’ by Mr, J. D, Harding, who — 
also refers to the high authority of a scholar whose view of the 
subject was taken from a different point—Mr. Panizzi, of the British 
Museum, In the celebrated ‘Essay on the Narrative Poetry of the 
Italians,’ prefixed to his edition of Boiardo and Arioste, Mr. Panizzi — 
states, as the result of his researches, that “ All the chivalrous fictions 
9% spread through Europe appear to have had their birth in 

‘al les,” id 

The narrative of Brutus and his expedition from Troy, given by 
Geoffrey of Monmouth, was, as we have seen, yey Soohbart eentasighs 
in spite of the energetic protest of William of Newburgh, as the basis 
of popular English nines Yet it was totally inconsistent with 
another history of the colonisation of Britain, which, if we are to 
believe its supporters, was current long before Geoffrey of Monmouth, _ 
in the so-called Triads,’ These constitute the most peculiar feature 
in the whole of Welsh literature. A ‘Triad’is the enumeration of — 
three persons, or events, or observations, strung together in one short 
sentence by some thread of connection. This form of composition has 
been so popular omang the Welsh that, brief as most of the Triads 
are, the collection of them occupies more than 170 pages in double 
columns in the ‘Myvyrian Archaiology.’ A few instances of Triads 
of different kinds and different ages, taken from the preface to Owen 


—— 


praise. 
“ The three foiitidations of judgmient—bold design, freqtent practice; 
and frequetit inistakes. 

“ three fountains of knowledge—invention, study, aiid experience: 
“The three indi les of language—purity, eopiotishess; and 


Triads ate of A less eral and thore patriotic kind — 
ate three thi ‘ror which « Grane iid be willing to 
eee truth, wherever it be, 


“There ae Tne g to 4 Cymro—to look 


With one eye, to listen wi one ear, to defend with oie hati, 
“ Three i Cymro to choose fréin his 


ly behoves a 
own —his king, Wile, atid his friegt 

* ss tig» Cpr ent tot beyond everythitig—the nation 
ot he Cry matitiers atid customs of the Cymry, aiid the langiiage 
eas into ; in me ieee wot ti mech Hise itis bre: 
thfées in some joer en, and pro- 
faite aed reece tome ft of Provelia wasoone ae Cado 
are as aficieht as an fed one oe But the oldest record 6 
them is, we believe, in the Red Book o Hergest; suj to bé of 
the date of 1370, atid the greater = are only extant in traiseripts 
~ aan 1 Pow 17th centiries. ae 

composition té which an ingetiious transcri 
to something of his pod But with to 
Y on their merits, and of which some are 
those we have quoted ate pointed, the fact of their atiti- 


to the ‘ Histofical 
ih Value of these, of 


i 


 * 
a 


et elma, ' 


aa 


led in ee atid yet the Triads gave a 

actount of the colonisation of 

a8 ah antiquary ard genealovist 

on his part; and the Milecntn 
tratiscriber, is Cis 


and genealogist; but what his humbler neighbours thought of him thay 
tates that his name still survives in popular tra- 
juror, Mr. Thomas Jones of 
Sion Catti, or Tom Jones 
in feeent times “the Welsh 

Rob Roy.” 


The statements of the ‘ Histotieal Triads’ ate the 
for much that has found. its way into the works of recent writers on 
Wales, as if it were of Most unquestioned truth, According 
to these statements, Hu Gadarn, or Hu the Mi hty, an ancient 
patriarch of the Cymry, was the first who brought the nation to the 
shores of Britain from a country called the Summer Lan 
sea called the Hazy Sea. The Stimmer Land is decided by some to have 
been by others 


sole authority 


first under Hu Gadarn ry aay and colotiised Britain, their children 
should from their British honie Teturn, a living nation and an im- 
perishable tongue, to ane the Sigantic. oppressor of the North on his 


ancestors.” In short, there aré 
Hu Gadarh quite as firmly as their orefathers did in Brutus; 

The statements of the Triads are it is evident, directly at issue with 
those of Geoftrey of Monmouth,and if they were really ix being during 


preludes a warmer eulogy than 
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Pughe’s translation of Liywarch Hei, aid other sources will show of the cenituties that élapsed between the mg of Henry I., which is the 

what elegance they are tible. time of Geoffrey, and the reign of Janes I., which ia the time of Twm 

“ The three foundations gehitis—thé gift of God, man’s exertion, | Sion Catty, it seem’ hard to inj sine why all Welsh antiquaries, 

and the évenits of life. k heralds, and genealogists shoiild have preserved so deep a silence on 

“The three a, requisites of peiiitis—ay eye that Gati see | the subject: If; on the other hand, we suppose that Thomas Jones of 
nature, a heat can feel nattife, and boldness that dares follow Se apa . 
of Bristol—tha’ 


Stppose that # iiiari of his 
those “ fib-mongers ” 
abundant in Welsh 
support the authority of the Triads; however, a itew authority has in 
brought forward in the 
shape of “Bardie Tradition,” to Which, however, it will be uni J 
to i till the fotirth stage in the history of Welsh literature is 

reacliéd: x 
In following the different ways in which the history of Wales has 
been treated, almost every itiportatit spetiinen of the 2 ape literature 
of the secotid period has been already mentioned, with the exception of 
a remarkablé piece of biography, the life of. Gruttyaa ab Oynan, the 
Welsh icé who fevived AVelali poetry after the 
was Ifish by bith, atid by desvent 
i his father during his egile ii Ireland, where 


love of War and thé love of alliteration which became more con- 
pe than ever ini Welsh poetry after the Kisteddvod of Gruffydd 
ab Cyan. 


From the tiie 6f Griiflydd cottitiences, iti the o 
Welsh crities, the “ golden age” of their 
a ltindred and fift Yeats, neatly to the 
pendence of Wales f 
atte Awad had beet a long interval of all bitt silence to the 19th, 
ie . * 7 ‘. : 


from the time 
Tudor Ddalt, between 1340 and 1380; but it inust be remarked that 
the dates of mafiy of these are very unsettled, and that Mr. Stephens 
in his work on the ‘ Literature of the Cymfy,’ 
especially devoted to ¢ era, has rectified many oversights on this 
Pughe aiid others, Tire first bard on the 
Whose early poems are very inferior to his later ones, 
and whosé finest is undoubtedly that entitled ‘ The Death-Bed of the 

, Meilyr (1150-90), who was a thich 


ion of niany « 
ty, which lasts for about 


Superior poet to his father, is re to have aevompaniéd Richard 
Cebit de Lion to the Crusades. Fotirteen compositions by him are still 
extant, oné of Which, if praise of Owen Gwynedd, on the occasion 


oe thé battle of Tal-y-Voel, in 1168 is the origitial of the imitation by 
Tay — 
Owen's praise detiands my sing. Ki 


The * Atveti;” a8 the Welsh term poetical génius, seems to have been 
heteditary in this fatnily, for Eittion; the soi of Gwalchtai (1170-1220), 
was also a bard, bit rather to be compared to his grandfuther than his 
father. Forty pieces by Cynddelw (1150-1200), a contemporary of 
Gwalchttiai, are printed in the ‘ M Atchaiology,’ of which the 
most interesting is his poet ‘ The Death-Bed of Cynddelw,’ 


Powys; one of the sons 6f Owaiti Gwynedd, and maintained 
Welsh writers to have been a discoverer of America before Columbus, 


Hywel (1140-1169 or 
chiefly love-odes, but who fell in a fieree struggle to obtaiit his father’s 
Another Yen! bard, atid the most gifted of all the compe- 
5 Was Owain tt (1150-97); whose poem of 
orny h 
in Evans's 
founded is , 
yery pleasing :—Owain sitpposes himeel? to be directing the hort to be 
‘offered in suecession to his warrior-friends at a banquet, and, ag it 
passes, he describes the character of each ; but forgettitig hitnself on 
one occasion, he nates the name of a chit who had fallen in battle, 
and then a burst of grief as the remembrance comes across him 
usual, The names of Elidyr Sais, or 
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the Saxon (1160-1220), of Philip Brydydd (1200-50), and 

iydd Bychan (1210-60), are three of the most conspicuous of the 

period they belong to. Their poems are chiefly eulogies on the princes 
and great men with whom they were patches vs § 

The next tion of bards was that which witnessed the con- 
quest of Wales by the English. According to a current story which 
has been made universally known by ‘The Bard’ of Gray, they must 
have perished by the sword of the invader; but the notion of the 
massacre of the bards ap) en noe ee There 
is no memorial or tradition of it in the country which is said to 
have been its scene, and no allusion to it in the productions of bards 
of the time immediately following. In the ‘Myvyrian Archaiology’ 
there appears no greater falling off in the nymber of poetical pro- 
ductions than might naturally be expected as the result of a foreign 
conquest, of however mild a character; and the next century was 
destined to produce a bard who in national popularity surpassed all 
who preceded him. 

The representatives of the Scandinavian Scalds in Cambrian poetry 
gave way to a Troubadour. Davydd ab cg has sometimes been 
called the Welsh Ovid, and sometimes the Welsh Petrarch, but is 
said by his English translator to “‘approachmore nearly to Burns than 
to any other poet, whether of his own or other countries.” His 
are of a character almost entirely new in the literature of Wales; 
the subjects of them are chiefly themes of love and social festivity, 
instead of valour and heroism. The exact dates of Davydd’s birth 
and death are unknown, but he is supposed to have been born about 
1340, and to have died about 1400, the year of the death of our 
Chaucer. The incidents of his life, which have been related at some 
length by Owen Jones and Owen Pughe, are chiefly connected with 
his success in love and in satire. On one occasion he eloped with 
a married woman who had been his  peseaga but the fugitives were 
overtaken and separated, and Davydd was condemned to a heavy 
fine, from which the men of Glamorgan, who had el: him their 
chief bard, and who looked more to his genius than his morality, re- 
leased him by discharging it. In satire his powers were so tremendous 
that when ih Meigan, another bard, incensed him by a poem 
reflecting on the illegitimacy of his birth, he ied in another of 
such pungency that , on hearing it recited, fell down and expired. 
Later in life another contest of satire with Gruffydd Grye, an ancient bard 
of was brought to a more agreeable close by a good-natured 

of Bola Bauol, a mutual friend. He contrived that a report 
of the death of each should reach the ears of the other; and, as he 
, on receipt of the Ley ani _— Syd onk Orctiydd ees 
Davydd composed a egyrical elegy on Gru |, an one on 
Davydd ; and when the trick was discovered the friendship was renewed 
with more warmth than ever. The chief object of his satire was, how- 
ever, the “ Little Hunchback,” Bwa Bach, the husband of the Morvydd, 
to whom a hundred and forty of the love-poems of Ab Gwilym are 
addressed. The religious orders of the time are also taken to task by 
a poet whose right to criticise them is not very clearly made out. 
‘Towards the close of his life, Davydd ab Gwilym, surviving his friends, 
became of a melancholy and religious turn, and some verses composed 
on his death-bed are said to breathe a strain of genuine piety. 

The poems of Davydd ab Gwilym were first published in Welsh 
only, with an ss 2 biographical notice, by Owen Jones and Owen 

e, in 1789. English translation of several of the best, by Mr. 

ur Johnes, under the assumed name of Maelog, ap; in 1834, 

Mr. Borrow gives us to understand in his ‘ Lavengro’” he has com- 

leted a translation of the works of Ab Gwilym with hotes, critical, 

istorical, and explanatory, but nothing of this version has been made 

blic. Mr. Borrow is a warm admirer of the Welsh poet. “Ihave no 

esitation in saying,” he observes, “that he makes one of the some 

half-dozen really great poets whose verses, in whatever language they 
write, exist at the present day and are more or less known.” 

Contemporary with Davydd ab Gwilym during the whole course of 
his career, and flourishing long before and after it, was Iolo Goch, the 
friend and domestic of Owain Glyndwr, or Owen Glendower, who 
wrote verses on the death of Tudyr ab Gronw in 1315, and on the comet 
of 1402, and who died about 1420, at the age, it is supposed, of nearly 
a century and a quarter. If the dates be correct, he must have been 
about 118 at the time that he spoke of Owain, who died at 67, as 
“old.” One of his most interesting pieces, composed two years before 
the insurrection of Glyndwr, is a description of Owain’s house at 
Sychartb, which the poet somewhat hyper lically com) to West- 
minster Abbey, and which he describes its master as keeping almost 
literally an “open house,” there being neither bolts, bars, nor door- 

. Iolo Goch wrote several poems to inflame his countrymen in 
tek rising, and lamented the death of Owain in a PF ompry elegy. 

Some uncertainty seems to il as to the date of Sion Cent, or 
John of Kent, a poet and religious writer, who is stated by Owen 
Pughe to have lived between 1410 and 1470, and by Williams to have 
flourished from 1380 to 1410. The latter date is probably the correct 
one, if Sion Cent was, as be appears to have been, a Lollard. His 
name was derived not from the county of Kent, but from Kentchurch, 
or Kentchester, in Herefordshire, where he resided. His poems, which 
are of interest in an historical t of view, as illustrating, like our 
Piers Plowman, the dawn of the Reformation, are the subject of a 
series of articles in the ‘Cambrian Journal’ for 1860, His name is 


tradition as that of woonjuslj panne 


still current in popular 
fe tek eee 
The last of our list of bards of the second period of Welsh is 


the bard to Jasper, earl of Pembroke, son of 

widow of Henry V., and fought with his 

Mortimer’s Cross in 1461. His works are of poetical than histo- 
rical value, pgs tay Bebe gricgncerste ptr of Wales durin 

his period. They were first published, in the Welsh, ' 

English notes, c oy ede’ historical matter, by the Cym- _ 
mrodorion, or brian Institution, in the year 1837, under the 


peste of the Rey. John Jones, of Christchurch, known by the _ 
name 0! . 

The bards we have mentioned are but a small proportion of 
who flourished, and some of whose compositions have been preserved. — 
Mr. Stephens, in his ‘ Literature of the Kymry during the Twelfth and 
Two Succeeding Centuries,’ mentions six-and-twenty poets ‘4 
names we have not enumerated, between 1350 and 1400; andator 
subsequent to the year 1400, during the revolt of Glyndwrandthe 
wars of the Roses, the bards amounted, he states, to “several 
hundreds,” . 

| 


- 


It is stated by Owen Pughe, in the ‘ Archologia’ Vpeeiieh oe 


that the principal heads under which ancient Welsh 

classed are—poetry, bardic institutes, laws, history, theology, ethics 
proverbs, dramatic tales, and grammars; and that “ the first of these — 
classes, poetry, is by far the most extensive, for it may be com to 
fill about eight parts out of the ten of our old writings, to 
take into account the heraldic collections altogether ; but with respect _ 
to the quantity that is printed, such a proportion may be rl 


Wh rca kanes Rats Mt chs onrinby preys nable | 
me to infer that I have perused upwards of 13,000 poetical piece: iy 
various denominations for the purpose of collecting words in the course 
hess teen years that I have been compiling the dictionary of 

e " , y 

Towards the conclusion of the second period of Welsh literature E 
some alterations of consequence took place in the laws of metrical | 
composition, Certain aj to have been proposed and { 
adopted at a congress of in 1350, under the presidene 
Ivor Hael, or Ivor the Generous, the constant patron and fri 
Davydd ab Gwilym; but it was a hundred and one years later, 
1451, that at the Eisteddvod of Caermarthen, held under the influence . 
of Gruffydd ab Nicolas, a powerful nobleman, a system was 
which prevailed for nearly four hundred succeeding years, ab 
Edmwnd, a bard now of no great note, who was president of the E! ; 
teddvod, succeeded in obtaining the assent of his co es to four-and- 
twenty new canons of poetry, which he had compiled with the assist- 
ance of other bards of North Wales, and though the men of —— 

ne against the decision, their protest seems to have had 

ittle effect. , 

The most prominent feature in the new canons is the more definite 
establishment of laws of “ 


metre and rhyme. It had much analogy to the alliteration 
in Anglo-Saxon, Icelandic, and occasionally in earlier | poetry ; 
but while other nations became more sj = applying it, the Welsh 
became more stringent, A specimen of English verse, composed 
about the middle of the 15th century, by a Welsh student at 
Oxford, to exhibit the advantages of the “ cross consouancy,” is printed 
in the second volume of the ‘Cambrian Register.’ A more recent 
example, given in Walters’s ‘ Dissertation on the Welsh Language,’ 
will — convey a clearer notion of it than a lengthened description 
The lines are on Envy :— 
“A fiend in Ph@bus’ fane he found, 
That yonder grew yet underground, 
Sprung from the spawn of Spite ; 
The Elf his spleen durst not display, 
Nor act the devil in the day, 
But at the noon of night.” 


A happier instance occurs in a song by John Parry, the Welsh 
song-writer and composer, known as ‘ Bardd Alaw :’— ; 
** God grant that Great Britain for ever may be 
The terror of tyrants, the friend of the free.”” 
Alliteration is appropriately introduced by Gray in the first line of | 


his Bard : 
“Ruin seize thee, ruthless king,” 
and by Mason in his Caractacus :— 


**I marked his mail, I marked his shicld, 
I spied the sparkling of his spear, 
1 saw his giant arm the falchion wield, " 
Wide waved the bickering blade and fired the angry air.” 


The lines of Mason also exemplify how easily the search after this 
ornament may lead to the neglect of the much more essential beauty — 
of *P diction. A spear would not have been “ jodie P 
would a blade have “ bickered,” but'for the attraction of 
In the third stage of Welsh literature on which we are now about to— 


- 
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of Welsh literature 
commences with the Reformation and with the incorporation of Wales 


religi 
In Wales the Reformation, introduced by a Tudor 
monarch, took from the first a much firmer root than in other Celtic 
countries ; there, as elsewhere, some of the learned adhered to 
the ancient faith, and in the reigns of the early Protestant sovereigns 
were compelled to carry their dissent abroad. ‘ 
The first book printed in the Welsh language, which was also the 


first book pri in any Celtic language, was a species of Almanac, by 
William , With a translation of the Lord's Prayer, the Ten 
Commandments, &c., issued at London in 1546, in a quarto volume. 


Salesbury, who was an eminently learned man and the master of 
nine languages, was a master also of his mother-tongue. He published 
the first Dictionary of English and Welsh, in 1547. He wrote on 
orthography and kindred subjects, and ap to have had it at heart 
to make both the Welsh and English nations better acquainted with 
each other. He wasalso a zealous Protestant, and wrote the greater part 
of the first translation of the New Testament into Welsh—a translation 


. 


op of St. 
a portion; and in 1567, a 
year after the term fixed by the Act of Parliament, the Testament 


etymology of one word, and ran to such a length that 
s gore sah wpe for ever. The consequénce of this not very 
Christian out was, that the Welsh were left without a Bible 
for more than twenty years. The 
too small to enforce it; for the 


‘s transla- 
elsh have, 
like the En , been remarkably fortunate in their translation of 
the Bible. It is with both nations the acknowledged standard of the 
language, and equally a favourite with the*learned and the people. It 
is now in Wales the book of every household; but this state of 
affairs has only been attained by degrees. In Prichard’s ‘Canwyll y 
Cymry,’ the date of which is that of the triumph of English Puritanism 
= the time of the Commonwealth, are some lines thus translated by 
vans i— 
** Women and men of low degree, 
The very abjects of the land, 
You always may in England see 
Each with the Bible in his hand, 


With us, ’mongst those who most abound, 
And sumptuously their tables spread, 
Scarce can a prayer-book be found, 
Or one who can his Bible read. 


“°Tis to the Welsh a foul disgrace 


They’re in religion still so young, 
That not a tithe of all the race 
The Scriptures read in their own tonguc.” 


In 1802 Owen Pughe stated that nineteen editions of the Bible, 
amounting to upwards of 130,000 copies, had ci in Wales; and 
rs was the demand for more copies at that very time which led the 

. Thomas Charles, of Bala, to propose the establishment of a bene- 
volent religious society fur printing and distributing Bibles in Wales— 
a notion which expanded and deyeloped under the guidance of Welsh- 

ARTS AND SCI, DIY, VOL, VIIL 


men till it led to the foundation of the great British and Foreign Bible 
Society. One’of the first publications which the Society took in hand 
was naturally the issue of the Welsh Bible; and a vivacious account is 
given in the ‘Christian Observer,’ by an eye-witness, of its reception 
in Wales :—* When the arrival of the cart was announced which 
carried the first sacred load, the Welsh peasants went out in crowds 
to meet it, welcomed it as the Israelites did the Ark of old, drew it 
into the town, and eagerly bore off every copy as rapidly as they 
could be distributed. Labourers carried it with them to the fields, 
&c.” The number of copies issued by the Bible Society in Wales 
between 1806 and 1849 was, of Bibles, 329,131, and Testaments, 
384,209, while of “ Diglotts, Welsh and English, there were 1986.” 

While the Protestant Salesbury had the honour of publishing the 
first Welsh book in England, a zealous Catholic, Dr. Griffith Roberts, 
issued the first that was printed abroad, both of them anticipating by 
more than a century and a half the first Welsh book printed in Wales. 
In the celebrated letter addressed by Dr. Johnson to the King’s 
Librarian on the purchase of books during a foreign tour, he made the 
remark: “In every place things often occur where they are least 
expected. I was shown a Welsh grammar, written in Welsh and 
printed at Milan, I believe, before any grammar of that language had 
been printed here.” The book which had attracted Dr. Johnson's 
observation was only the first part of a treatise on grammar, ‘ Dosparth 
byrr ar y rhan gyntaf i Ramadeg ’—a treatise on orthography embodying 
suggestions of some value for the improvement of the Welsh alphabet, 
illustrated with peculiar types. The volume bears the date of 1567, 
but no indication of its place of imprint; and the authority for the 
usual assertion on that score was that David Rhys, in the Latin preface 
to his ‘ Cambro-Britannice Lingue Institutiones,’ said that the book of 
his predecessor was printed at “Mediolanum.” A few years ago the 
old tradition on the subject was combated by the ingenious argument 
that as there is more than one place in Wales itself the name of 
which is Latinised into Mediolanum, the book might have been 
printed at, for instance, Llanvyllin. Unluckily for the new view, a decisive 
confirmation of the old one has since been discovered in another book, 
by Griffith Roberts, a religious treatise entitled the ‘ Drych,’ or ‘ Mirror,’ 
containing a fervent exhortation to his countrymen in behalf of the 
Roman Catholic faith. In this book, which was printed at Rouen about 
1585, the exhortation is signed “ G. R.,” and dated “O Fulan” (“ From 
Milan”); while in a preface by Dr. Roger Smith the author is styled 
“the great teacher of the city of Milan, in the land of Italy” (“yr 
Athro mawr o Dhinas Fulan yngwlad yr Idal”), where it is moreover 
added that some of his books have been printed. Griffith Roberts 
also left behind him some imperfect books on grammar, which he 
had commenced to print, but never completed, and of which it is said 
that only three cupies are at present known: that presented by the 
Welsh School, formerly of Gray’s Inn Lane, to the British Museum ; 
that in the library of Wynnstay, which fortunately escaped the con- 
flagration of 1858 ; and that in the library of Mr. Wynne of Peniarth. 
The works of Roberts are well deserving of republication. 

Another Welsh scholar who spent some time in Italy, but who 
returned to die in a cottage in Breconshire, was Dr. John David Rhys, 
already mentioned. He left the University of Oxford in 1555 without 
taking a degree, and resided for some time at Sienna and Padua, 
where he ised as a doctor of physic, and published a book in 
Italian on the study of Latin, and a book in Latin on the pronun- 
ciation of Italian. His principal work is his grammar of Welsh, ‘ Cam- 
brobrytannice Cymreceve Lingue Institutiones et Rudimenta,’ in 
which he enters at great length and with much learning on the subject 
of Cambrian prosody, on which he is still consulted. The book was 
published in London in 1592, at the expense of Sir Edward Stradling, 
of St. Donat’s Castle, a munificent patron of Welsh literature, and a 
cousin of that Sir Edward who was so near losing his life on suspicion 
of being a Saxon, Rhys, who was born in 1534 in Anglesey, died in 
1609 in Brecon, and is said by Anthony a Wood to have died as he 
had lived, a Roman Catholic; but in the title page to his ‘ Institu- 
tiones’ he lays especial claim to the merit of facilitating the study of 
the Holy Scriptures, “lately ’so elegantly and chastely translated into 
Welsh,” a circumstance which, with some others, favours the supposi- 
tion of his having become a Protestant. 

One of Rhys’s friends, to whom he refers in his works as an excellent 
genealogist and antiquary, was Thomas Jones, of Tregaron, or Twm 
Sion Catti, whose remarkable career has already been noticed in con- 
nection with his transcript of the ‘ Triads.’ Jones was a poet as well 
as an antiquary, but while his reputation as a robber and magician 
still survives, that as a poet has passed into oblivion. He died about 
1620, 

A metrical version of the Psalms, which was written about this 
period, is still in high esteem, It was produced by a captain in Queen 
Elizabeth's fleet-—William Myddelton, the elder brother of Sir Hugh 
Myddelton, the projector of the New River, and himself remarked for 
having been one of the first three who smoked tobacco in England, 
when crowds gathered round to witness the phenomenon. He did 
warlike service in America and the Azores, and records in a Latin note 
to his last Welsh Psalm that he finished it on the 24th of January, 
1595, at “Scutum,” one of the West Indian Islands. The Psalms, 
which appeared in 1603, were a posthumous publicatign, but Captain 
Myddelton had issued in his lifetime, in 1593, the first oy of a 
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treatise on the art of Welsh versification, ‘ Barddoniaeth,’ which was 
never completed. The Psalms were reprinted in 1827. 

The most popular poem, not only of that period, but of any pee 
in the history of Welsh literature, was produced, it is said, by the 
simple process of turning into verse a series of sermons, The Rey, 
Rees Prichard, known as the Vicar of Llandovery, was as popular a 

in his lifetime os after his death he became a popular poet. 

Yhen he preached at St. David's the cathedral was too small to hold 
his congregation, and he was cited in the ecclesiastical courts for having 
set up a movable pulpit in the churchyard. Perceiving the partialit 
of his flock for verse he turned his homilies into rhymes, and the col- 
lection was first published in 1646—two years after his death. “The 
work,” says Williams, in his ‘ Lives of Eminent Welshmen,’ “ was no 
sooner printed than it ap in almost every hand, and was heard 
from almost every mouth throughout the principality, and it is scarcely 
credible with what uncommon avidity and pleasure it was received, 
read, and repeated by the people.” The Italian student is reminded 
by this account of the in Bernardo Tasso’s letters, in which he 
speaks of the first appearance of Ariosto’s epic and its overwhelming 
success, The secret of the popularity of Prichard’s volume, the 
*Canwyll y Cymry, or ‘Candle of the Cambrians,’ as it is called, 


appears to have lain in its combined religious and homely character—) 


it did not fly one inch above common apprehension. A passage has 
been already quoted from an English translation of it by the Rev. 
William Evans, which was published in 1771, and this passage may be 
taken as an average specimen. The ‘Candle of the Cambrians’ is not 
yet extinguished, for the last edition, about the twentieth, appeared 
with notes, &c., in 1858. Its author was born at Llandovery m 1579, 
became vicar of the parish in 1602, and died at Llandovery in 1644, 
and the two last and best editions of his work are from the Llandovery 


press, 

The next bard who deserves attention in a general survey of Welsh 
literature is Huw Morus, or Hugh Morris, who was born in 1622, and 
survived till 1709. “ He is to be ranked,” we are told in the ‘ Cam- 
brian Register,’ 4 among the first of the Welsh poets. He eminently 
excelled in that talent which we call humour, and was equally master 
of the pathetic and the sublime.” The same writer states that his 
‘ Elegy on the Death of Mrs. Middleton,’ is equal or superior to “ the 
two most beautiful compositions in the English language on the same 
subject, the ‘Monody’ on the death of his lady, by Lord Lyttelton, 
and that ‘To the Memory of a Young Lady,’ by Mr. Shaw.” The 
works of Huw Morus were published in two duodecimo volumes, at 
Wrexham, in 1823, under the title of ‘ Eos Ceiriog,’ or ‘ The Nightin- 
gale of Ceiriog.’ 

The most distinguished bard of the 18th century was Goronwy 
Owen, who is styled by Owen Pughe “one of the greatest poets that 
appeared among the Welsh.” He was the son of a peasant in Anglesey, 
where he was born on the 1st of January, 1722, and was indebted for his 
education to Mr. Lewis Morris, a distinguished antiquary, who had him 
brought up for the church. He married in Oswestry, where he was curate, 
and says in one of his letters,‘‘ My wife speaks very little Welsh, yet she 
understands some ; so that I fear that if I go not to Wales, my boys 
will be Saxons, for by the life of me I cannot teach the eldest one 
word of Welsh.” He was curate to Dr, Douglas, afterwards bishop of 
Salisbury, ‘‘ the person,” he says, in one of his letters, “ who defended 
the poet Milton against the insidious defamation of Lauder. Be it as 
it may, he is sufficiently severe and hard towards me. I hold some 
little land of him appertaining to the school, and though it was set too 
high before, yet he has sent down this year orders to raise the rent, 
lest a poor wretched curate should gain anything in his service, or 
obtain too good a bargain at his hand.” His career appears to have 
been a very unfortunate one; but it must not be forgotten that he was 
an incorrigible drunkard. His poverty led him to petition the Cymm- 
rodorion Society, in 1757, for assistance towards paying his passage 
for America, where le settled at Williamsburg in Virginia; and after 
the year 1767 nothing further was heard of him. “ About the year 
1798," says Owen Pughe, in the ‘ Cambrian Biography,’ “ some persons 
who revered his memory tried to obtain information if he were alive 
or dead, and with that view sent a letter over to his son, Him they 
found perfectly Americanised; before any answer was sent, he must 
first know who would pay him for his trouble.” In a life of Goronwy 
Owen by Mr. Borrow, first printed in the ‘Quarterly Review’ for 
1861, it is stated that he died about 1780. The principal poems of 
Goronwy Owen are to be found in the first volume of a book called 
* Diddanweh Teuluaidd,’ or ‘ Domestic Amusement,’ printed at London 
in 1763. In a curious preface the printer states that the work was 
/ ~ into his hands by the editor, Hugh Jones,’ who “ owned 
himself incapable of writing an English preface to it, and therefore 
desired ine to do that office for him.” ‘‘ The editor,” he adda, “ being 
an itin bard in the manner of the ancients, hath given me leave 
to tell his readers that he pretends to neither learning nor languages ; 
he despises them all except his own, as the chief Greek poets did, calling 
other languages barbarous, He can hardly be persuaded that the 
English or French nations have anything that may properly be called 
poetry ; such is man's partiality towards lis own country and people.” 
ea The prose literature of the third period is remarkably poor, Its 
most popular production is itself only an adaptation or imitation 
of a foreign original, the ‘ Bardd Cwsg,’ or ‘Sleeping Bard,’ of Ellis 


Wynne, first published in 1703, and sinoo frequen , the 
last time in 1861, with notes by Silvan Evans, It se paye Dape 
visions of hell and the invisible world, chiefly taken from the visions 
of Quevedo, the Spanish humourist, which were translated into 
English, and for a time enjoyed considerable 


aig a second work, ‘Gweledigneth y 


plan} of the “ Bardd Cwag” is a Sa Ca yer 


a satire; but the poo § “a style 
3 _and, strange 
~ 


yet received his due share of fame, There are in the British Museum — 
printed ‘ Proposals for printing by subscription a Collection of Writings 
in the Welsh Tongue to the beginning of the Sixteenth ae 
dated July 31st, 1719. “ This design,” it is said, “ hath 


} 
of by such gentlemen as have been made acquainted Peale apo Kal 


have promised to encourage it as well by subscribing to it as by com- 
municating their manuscripts, some whereof are already put into the 
publisher's hands. ... Subscriptions for the first volume are taken in 
by Mr. Alban Thomas, at the Royal Society's House in Crane Free 
Fleet Street; Messrs. William and John Innys, booksellers in St. 7 


oses Williams. 
men is subjoined of two pages 
Bound up in the same volume wi 


apologising for publishing the documents in the original 
without a translation, which is excused on the ground of the extreme 
difficulty of arriving at a certain knowledge of the yma 


and {published a ‘Repertorium Poeticum,’ or list of Welsh . 
and a general catalogue of Welsh books, which will be menti 
more particularly hereafter. Two Welsh sermons, hed and’ 
printed by him in London, in 1717 and 1719, are in the British 
Museum, and are of considerable interest from the information they 
contain on the state of the Welsh church, and of the Welsh 
at that period. They are not mentioned, so far as we are aware, in 
any of the notices on Williams's biography, of which the most ample 
that we have seen is in Williams of Llangadwaladr’s ‘ Lives of Eminent 
Welshmen.’ He was born in Cardiganshire inj1685, and died as vicar 
of St. Mary's, Bridgewater, in 1742. y¢ 
It has been mentioned that the early editions of the Welsh Bible were — 
rinted in London, and the introduction of typography into the 
Principality was exceedingly slow. Cotton, in the ‘'T'ypographical 


Gazetteer,’ states that the earliest information he possesses on the 


subject is from one of ‘the Martin Mar-Prelate tracts in Queen 
Elizabeth's reign, in which mention is made of ‘ knave Thackwell the 
printer, which printed popyshe and traiterous Welshe books in Wales,’ 
and nothing more has ever been discovered of the printer or his booka. 
Penry, who was hanged as the author of the Mar-Prelate tracts, was by 
birth a Welshman. In the ‘Gentleman's Magazine’ for August 
1821, it is observed by a correspondent, that “ from the invention of 
printing downwards, so adverse were the circumstances attending the 
diffusion of Welsh literature, that there was not a printing-press in the 
principality until the year 1734, or thereabouts, when a temporary one 
was set up by Mr, Lewis Morris, of Bod-Edeyrn, in Anglesey. This 
identical press,” the correspondent adds, “ is still in being at ‘Trevriw, 
near Llanrwst.’ . 

Fourth Period—1760-1861. A new period in the history of Welsh 
literature may be said to commence with the reign of George IIL, a 
hundred years ago, soon after the middle of the 18th century. The 
remarkable increase of activity which is observable in that literature 
during these hundred years, and especially during the last forty, seems 
to be attributable to the spontaneous impulse given by a few dis- 
tinguished men; to the spread of Methodism in Wales; to the 
establishment, for the first time, of periodical publications ; and to the 
institution or revival of patriotic societies. 

One of the first signs of a new era in the literature of Wales was 
given by the publication in 1764 of a thin but important quarto 
volume. “ Some Specimens of the Poetry of the ancient Welsh Bards 
translated into English, with explanatory notes on the historical passages 
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short account of the men and places mentioned by the Bards, by 
v. Mr. Evan Evans, curate of Llanvair Talyhaern, in Denbigh- 
(London, 1764). It was the first book in which the claims of 
elsh bards were brought under the notice of the English public. 
says in his preface that it “ was first thought of and encouraged 
years before the name of Ossian was heard of in England,” but 
it was evidently the success of Macpherson’s Ossian which had brought 
ject to vie g “ Certainly,” says the author in a Welsh 
to Mr. Ri Morris, printed in the volume, “I would not 
e taken this labour upon me except to put a stop to the reproaches 
the English, who say that we have nothing of poetry to show the 
world, while one of the Scotch Highlanders has translated portions of 
ir ancient bard, or rather has dressed up and adorned some recent 
"atepeetso and put it forth in his name.” He is not sparing of his 
uations against the genuineness of Ossian, and his critical remarks 

on the ancient bards of Wales are marked by acuteness. His 
greatest mistake is that he does not question the truth of the massacre 
of the bards, of which he remarks that it “ gave occasion to a very fine 
ode by Mr. Grey.” ‘ Evans's own prose translation of pieces ke ak grein 
and others also gave occasion to some imitations by Gray, which, though 
of no great merit, are of all translations from the Welsh by far the 
most siglo known. His volume concludes with an excellent 


ie 


ayer 


4 


with cold ~~ 

He entered the church, but rose to no higher position than that of a 
curate in a said to derive its name from the ancient bard, 
Talhaiarn, which also gave birth to the living bard, Talhaiarn. As 
a Welsh poet his reputation is now even higher than during his lifetime. 
hilus Jones, the historian of Brecknockshire, says in a letter 
written in 1797, “I did not think Evan Prydydd Hir (the bardic name 
of Evans) the poethe was. I knew him well, but I suppose the cwrw 
had expelled the awen before I became acquainted with him.” Despair 
to have driven the disappointed man of talent to drink, and at 
time of his death, in 1789, he was reported to have perished in a 
-state of intoxication on a mountain, a report which happily appears to 
be orang on left behind him a good collection of transcribed 
mani w passed on his death to Mr. Panton, of Anglesey, 
who had allowed him an annuity on that condition. Two volumes of 
Welsh sermons published by him contained an English preface so 

caustic as to be said to have stood in the way of his preferment. 

Of the ed men of this period none seems to have acted 
more entirely from internal impulse and to have had a stronger influ- 
pate mec = Owen Jones. Owen Jones was born at Llanvih- 
ange! , in Denbighshire, in 1741. 
the Rey. Robert Will nae 


Villemarqué, in the Dries to his t tion of the ancient bards, 
i etch of the biography of Owen Jones. “ While 

, he says, “and engaged in herding cows, he could see ata 
rising through the air the snow-covered of Snowdon, the 
Parnassus, on whose summit whoever slum awakes inspired. 

He ascended it more than once, and his happy inspiration might make 
us believe that there he must have slept. en he was older, he often 
witnessed on this mountain the poetical contests of the bards and 
harpers of the different cantons of the country, and passing at the foot 
of the ancient castles which held the ic treasures of his race he 
formed the daring project of bringing them to the knowledge of the 
There are here some palpable mistakes, as in attributing to Snowdon 
the properties of Cader Idris, on whose summit it is the popular belief 
that whoever sleeps awakes either or a poet, and it is not probable 
that Snowdon was often ascended iy Denbighshire boy. But however 
hyperbolically expressed, the sentiment is correct, In the midst of his 
prosperous business in London, Owen Jones was still a warm-hearted 
Welshman, far more munificent in the promotion of his 4g & 
literature than all the magnates of the country combined. In 1771 he 
founded the society of Gwyneddigion (or Men of Gwynedd, a portion 
of North Wales), which revived in a manner the ancient co! of 
the bards, and distributed prizes among the best performers on the 
Welsh harp and the writers of the best Welsh In 1789 he 
i with Owen Pughe the poems of Ab Gwil , and in 1801 
and the subsequent years up to 1807 he issued at his expense three 
volumes of the‘ Myvyrian Archaiology,’ so called in his honour from 
Myvyr, the bardic name which he assumed in remembrance of his 
native vale of Myvyr,in Denbighshire. Owen Pughe and Edward 
Williams were, as has been ly mentioned, the editors of the work. 
The chief connection of Jones with the Archaiology was in supplying 
the funds, and it is said that he thus expended upwards of 1000/,—a 
sum, large as it was, by which he cheaply earned the gratitude and 
respect of all lovers of literature of his own times and all to come. 
His last literary en‘ ise was the publication of a periodical, ‘Y 
Greal, which a in 1805 and advanced no further than one 
yolume. In this too, Owen Pughe was the editor and Owen Jones 
only the Mecenas. The triad of his labours was thus formed by 


the Gwyneddigion Society, the ‘Myvyrian Archaiology, and the 
* Greal.’ 

William Owen or William Owen Pughe, as he was called in later life 
after he had inherited some property in Wales, was an antiquary, a 
lexicographer, and a poet. He was born in 1759, in a primitive part of 
Merionethshire, close to Cader Idris, from which he assumed the bardic 
name of Idrison, and he closed a long life in 1835, at the foot of the 
same mountain, to the vicinity of which he happened to be on a visit. 
Till he was seven years old he heard not a word of English, and though 
he went to school at Altringham, near Manchester, and at the age of 
seventeen was sent up to London to earn his living, he never seems to 
have acquired a thorough mastery of the English language. His 
English has always a taint of Welsh in it, while, on the other hand, his 
colleague, Edward Williams, says that his Welsh writings “may be 
said to be English written in Welsh words.” In the great city he 
remained for six years without knowing that any other person in it 
ever thought of the Welsh language and literature, till an accidental 
meeting with another Welshman, who introduced him to Owen Jones, 
brought into connection two men who scarcely seem to have passed a 
day without doing something for both. The largest Welsh and English 
dictionary in existence, published in two -large volumes between 1793 
and 1803, was the work of eighteen years of Owen Pughe’s life. It is 
said in regard to it, by the Rev. R. Williams, that ‘“ while Johnson’s 
Dictionary of English, as enlarged by Todd, comprises only 58,000 
words and Webster’s about 70,000, Owen Pughe’s Dictionary of 
Welsh contains more than 100,000 words, illustrated by 12,000 quota- 
tions.” The dictionary would be much improved by striking out many 
of these words which appear to exist only in its pages. In it Owen 
introduced a new system of Welsh orthography, and his friend, the 
Rey. T. Charles, of Bala, who was appointed at the same time to 
superintend through the press the edition of the Welsh Bible, the 
agitation for which had given rise to the British and Foreign Bible 
Society, took the opportunity of introducing it there ; but the Society 
interfered and the system was obliged to be dropped. In the second 
edition of his dictionary, issued at Denbigh, in 1832, the customary 
spelling is used. There is an abridgment of the work by Owen himself 
in 1806, which is much too compendious. In 1806 Owen came into 
possession of some property by inheritance, which enabled him to take 
up his residence in Wales, at tiva-y- Pace, near Denbigh, and to have the 
command of his time, which he devoted as usual to Welsh literature. 
His most important work of this period is a translation of ‘ Paradise 
Lost’ into Welsh, which has a peculiar importance from his havin, 
thrown off in it the shackles of “ Cynghanedd” or alliteration, which had 
fettered the movements of Welsh poetry for centuries. The innova- 
tion was a most happy one: it was adopted by the Eisteddvod of Caer- 
marthen in the same year, and has been followed by many succeeding 
bards with great advantage. Owen Pughe was known ‘to Southey the 
poet, and is frequently mentioned in his correspondence, but not always 
in terms of t. On one occasion Southey expresses his surprise 
that Pughe should have translated ‘ Paradise Lost,’ of which, in 
Southey’s opinion, he could hardly understand a sentence; and on 
another Southey says of him, in a letter to Wynne, “full of Welsh 
information he certainly was, but a muddier-minded man I never met 
with.” That there was some foundation for this opinion may be 
inferred from the fact that Pughe was a follower of Joanna Southcott, 
and was one of her twenty-four elders, Edward Williams, who 
quarrelled with him in the latter part of his life, said in a letter, in 
1813, that Owen “ with his hobbyhorsisms absolutely ruined everything 
he ever took in hand.” 

Edward Williams, still better known by his bardic name of Iolo 
Morganwg, is the third of the three associates of the “M i 
Archaiology,” and undoubtedly the most gifted of the three. Less for- 
tunate than his companions, he was born in so low a sphere of life that 
at the age of nine he began to assist his father at his trade of a stone- 
mason, and with all his endowments he worked through life at the 
trade, though never in strong health, and in his old age was in need 
of the assistance of a public subscription. He was born in 1746, in 
the parish of Llancarvan, in Glamorganshire, and was noted in youth 
for absence of mind and literary enthusiasm, Ona quarrel with his 
father he left him abruptly for London, and worked as a stonemason at 
Blackfriars Bridge. An interview which he sought with Dr, Johnson 
in a bookseller’s shop only left a gee: impression of the great lexi- 
cographer’s rudeness; and though he saw Cowper, the poet, he only 
saw him in his decline. With Robert Southey he appears to have 
been intimate, at a time when Southey, like himself, was full of repub- 
lican ideas, and the English poet drew from him much of the Welsh 
lore of his ‘ Madoc, and introduces him as a character in the poem 
under the name of Iolo. Of all English authors of celebrity, Southey 
took the greatest interest in Welsh history and literature; and if he 
had carried out his purpose of fixing his residence in the Vale of Neath, 
which was only prevented by a trifle, the literary consequences might 
have been important. He had a high opinion both of the talents and 
the character of Iolo, “ Bard Williams is in town,” he wrote once to 
his wife, when on a visit to London, “and so I shall shake one honest man 
by the hand whom I did not expect to see.” Both the bards had a 

orough abhorrence of the great metropolis; and Williams, who at 
one time proposed to emigrate to America, not, like Southey, to found 
a Pantisocracy, but to search for the descendants of Madoc and his men, 
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finally returned to Flemingstone, in Glamorganshire, within about two 
iilae of his birthplace, and there continued till his death. Iolo, like 
his friend, was a great pedestrian, so much so, that when his son Taliesin 
bought him a horse, he could not be prevailed upon to ride, and carried 
his eccentricity so far as to lead the animal about the country on his 
journeys without ever mounting it. He bad a personal triad of his 
own: “There are three things I do not want: a horse, for I havea 
good pair of legs ; a cellar, for I drink no beer; and a purse, for I have 
no money.” It is painful to record that he quarrelled with his friends 
of the ‘ Myvyrian Archaiology,’ and complained that Owen Jones had 
not paid him some menage” Bey was due to him; while at the same 
time his principles were so high that he refused to take ion of an 
estate in Jamaica, which had been left him by bis brothers, because it 
was cultivated by slaves. He wrote between two and three thousand 
Welsh hymns, some of which are highly esteemed, and were published 
under the title of ‘Salmau yr Eglwys yn yr Anialweh’ (‘ Psalms of the 
Church in the Desert’); but, as his friend Waring tells us, “ his creed 
appeared to be so whimsical a compound of Christianity and Druidism, 
Philosophy and Mysticism, that the ‘ History of all Religions,’ copious 
as it is in variety, furnishes no definition of it.” He was surrounded, 
in spite of his eccentricities, by general 
manifested at the great Eisteddvod of Caermarthen, in 1819. His 
death took place in 1826, at the age of eighty-one. He appears, from 
some letters published in the ‘Cambrian Registér’ for 1818, to have 
written his autobiography, with a survey of Welsh literature during 
his time, but this work, which would certainly have been of value, has 
disappeared. His son, Taliesin Williams, was to have written an ex- 
tended biography of his father, but the project was never put in 
execution. A life of him, which appeared in 1850, from the pen of an 
English friend, Elijah Waring, who was unacquainted with the Welsh 
, is an amusing volume of light reading, but not the sort 
of biography required ; for though in all his letters and writings which 
remain, lolo Morganwg appears the frankest of the frank, there are 
several points in his literary career which require elucidation, and on 
which depend important questions with regard to Welsh literature. 
Edward Williams was an English as well as a Welsh pget. His 
* English Poems, Lyrical and Pastoral,’ published in two volumes with 
the date of 1794, present perhaps the most curious list of subscribers 
that was ever attached to any publication, It begins with the name of 
the Prince of Wales; it contains those of Mrs. Barbauld and Miss 
Burney, of William Lisle Bowles the poet, and William Bowles, “ Gene- 
ralissimo of the Creek nation,” Miss Hannah More and Mrs. Yearsley 
the milkmaid, Cowper, the poet of the ‘Task,’ and Rogers, the poet of 
the ‘ Pleasures of Memory,’ Cyril Jackson, Dean of Christ Church, and 
Dr. Priestley of Birmingham, Mr. Raikes of Gloucester, the founder of 
Sunday Schools,and Mr. Thomas Paine, Dr. Parr and Mr. Horne Tooke, 
Citizen Brissot, Wilberforce and General Washington. The are 
of some merit, but the chief point of interest that now attaches to the 
yolumes centres in the notes. One of the pieces is an ‘Ode on the 
Mythology of the Ancient British Bards in the manner of Taliesin, 
recited on Primrose Hill at a meeting of British Bards in the summer 
solstice of 1792, and ratified at the subsequent autumnal equinox and 
winter solstice.’ Primrose Hill was then a comparatively unfre- 
uented height in the fields between London and Hampstead, 
istinguished by a grove of trees which was barbarously cut down 
about 1828, and being in view of Owen Pughe’s residence at Pen- 
tonville, may have been selected as a more convenient place for a 
meeting of is than the summit of Plinlimmon originally named. 
Ed Williams, who was then an ardent republican, seems to have 
been at the same time an equally ardent defender of the privileges of 
the British bards, . These, he maintained, were a regular corporate body, 
traceable from the earliest times to his own, in which there was only 
one legitimate hoard of bards remaining, the ‘Chair of Glamorgan,” 
and only two members of that, himself and the Rev, Evan Evans of 
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In the notes to his ‘ Ode,’ he gives a number of Triads in Welsh and 
English, containing the doctrines of “the Bards,” and embracing a 
system of theology which is declaredt o be anterior to Christianity, 
but no more adverse to it than the religion of Enoch, Noah, and 
Abraham. “There are three circles or states of existence,” according 
to one of these Triads: “the Circle of Infinity, where there is nothing 
but God of living or dead, and none but God can traverse it; the Circle 
of Inchoation, where all things are by nature derived from death—this 
circle has been traversed by man; and the Circle of Felicity, where all 
things spring from life—this man shall traverse in heaven.” “ Ani- 
mated beings have three states of existence,” says another Triad ; “ that 
of Inchoation in the great deep or lowest point of existence, that of 
Liberty in the state of Humanity, and that of Love which is felicity in 
Heaven.” The system is further explained as one of metempsychosis, 
and there is a larger development of it contributed by Williams to the 
preface to his friend Owen Pughe's edition of Llywarch Hen. In 
this it is said, among other things, “No finite beings can possibly 
bear the infinite tedium of eternity. They will be relieved from it by 
continual renovations at proper periods, by passing into new modes of 
existence and which ik. like death, be dreaded, but be eagerly 
looked for and approached with joy. Every existence will impart its 
peculiar epoch of knowledge, for consciousness and memory will 
remain, or there would be no such thing as endless life,” 


t, which was strikingly’ 


These doctrines, first put in print at the time of the French Revolu- | 
tion, certainly bear a close resemblance to many of those which had 
their origin at that period, and it was a point of some interest to know 
how far back they could in reality be traced. Williams informed the 
readers of his ‘Poems’ that the Triads he had given were “from a 
manuscript collection by Llewelyn Sion, a bard of Glamorgan, about 
the year 1560, Of this manuscript” he added, “ I have a transcript ; 
the original is in the possession of Mr, Richard Bradford, of Bettws, 
near Bridgend, in Glamorgan. ‘This collection was made from various 
manuscripts of considerable, and some of very great, antiquity—these 
and their authors are mentioned, and most or all of them still extant.” 


It is not surprising that they were not received with unlimited confi- 


dence in their authenticity, but it is very surprising that Iolo did not 
take the best method of silencing doubts by printing the manuscript 
in the Myvyrian Archaiology, which a few years after he was a 


in editing. Far from this, he did not even show it to his fri 
published the extracts. The manuscript in which they were contained 
bore'the title of ‘ Cyvrinach y Beirdd’ or the ‘Secret of the Bards,’ 
and was in two “ Edward Williams had only the first part with 
him in London,” says Owen Pughe in a letter to his son in 1819, first 
printed by his grandson (in the ‘ Cambrian Journal’ for 1857, p. he 
“at least he said he had not the second, which by his description 
the most curious, and the real Cyvrinach,” and this Owen Pughe never 
saw. The association of the Myvyrian Archaiology finally broke ‘ 
without its appearing. ‘In my collection,” says Iolo, in a Prion. f 
printed by Waring, “I strenuously opposed the absurd fables of the 
darker ages, which are most obviously falsehoods of the darkest hue. 
This gave offence to my coadjutors, who charged me with rejecting 
supposititious documents which never existed, which I with di 
could never find, and which they cannot but know do not exist else- 
where. Such are the fictions of Geoffrey of Monmouth, that of 
Arthur and his Knights of the Round Table, and many things more of 
the same character.” It would seem from this that Williams 
relled with Owen Pughe on the question of the insertion of the - 
nogion, which never appeared in the Archaiology, but it is 
that under the circumstances he should talk in this strain tgs 2“ 
“ supposititious documents.” The Rev. Edward Davies, in his ‘ Mytho- 
logy of the Druids,’ published in 1809, very plainly intimated that he 
considered the’ ‘ Bardic Triads,’ with their theophilanthropie ideas, as 
supposititious. Doubts on the same score were freely expressed by 
many, but in 1819, Iolo Morganwg had a saorey A triumph at the 
Eisteddvod of Caermarthen, where he invested Dr, Burgess, the Bishop 
of St. David's, with the insignia of a Bard. From that time Bards, 
Druids, and Ovates, once reduced to two in number, have become 
pas and ys vogue, and Bardism has held a ion in Wales 
analogous to that of Freemasonry in England. e naturally 
became louder for the piibiionten of the documents on which the 
institution was supposed to rest ; and finally, in 1822, Iolo Morganwg, 
then a man of seventy-seven, issued a prospectus to publish a work in 
Welsh to contain the ‘ Esoteric Literature of the British Bards.’ He 
died four years after without having published it. It was only in 1829 
that his son brought out the long-ex * Cyvrinach y Beirdd, and 
in it, to the surprise of all, though the work was published as complete, 
no ‘ Triads of Bardism’ were to be found. The ‘Cyvrinach’ of 1820 
was simply an excellent treatise on Welsh versification by Llewelyn 
Sion, of aces, “al interspersed with some very absurd statements 
respecting the Welsh language before the Flood, which of course derived 
no authority from having been made by a man of the age of Elizabeth. 
According to the ‘ Cyvrinach ’ there are but three proper languages— 
that spoken by Adam before the Fall, which is now the language of 
God, the angels, and the saints in Heaven ; that written by Moses, which 
is the language of the Scriptures (a statement showing that the writer 
did not know that the Testament is in Greek); and that first P 
ales. 


by Enoch, the son of Seth, and now spoken by the Welsh in 
Welsh is thus the onl living langusge of divine origin; and the Awen 
or poetic genius of the Welsh is due to divine inspiration, while the — 
poetry of the Saxon, English, and other corrupted languages, is inspired 
by their inventor—the devil. ; 
Some disappointment was naturally felt at the non-appearance of the 
‘ Bardic Triads’ in the book, the chief interest of which consisted in 
its being supposed to contain them, but no explanation could be 
obtained further than that, of the two parts of the ‘Cyvrinach, 
Taliesin Williams had only printed the first. No public information — 
was vouchsafed as to why 4 had not printed the second, or what had 
become of it. The admirers of the Bardic Triads were reduced to 
look forward to a publication of them pod Me So on _ Tolo Manu- 
scripts, a large collection of transcripts le Tolo Mo: ,and — 
from which Taliesin was engaged Zi the Welsh Resa ‘Society 
to make and publish a selection. a second misfortune, Taliesin 
Williams died in 1847, before the publication of the Iolo Manuscripts, 
as his father had died before the publication of the ‘ Cyvrinach.’ So 
much, however, had been printed before his decease, as to render it 
certain that the Bardic Triads would have formed no portion of the 
volume, The Iolo Manuscripts, published by the Welsh Manuscript 
Society in 1849, contain a variety of pieces of very different value, 
respecting the origin of which we only learn that they were taken from 
transcripts made by Iolo Morganwg from other transcripts of which 
he mentions the possessors, adding in some cases from what originals 
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i appears to have told the Rev. Thomas Price, after 
the death of Iolo (‘Cambrian Journal’ for 1857, p. 224), that “he 
himself had been for twenty years under a sort of druidical training 
with his father, and that the system was of so sublime and intellectual 
a nature, that unless he could find some one qualified in such a way as 
yy member of the order the secret should die with him.” 
hope, therefore, of developing the mystery, such as it is, might be 

but for the declaration of the Rev. John Williams ab Ithel, 
in the ‘Cambrian Journal,’ of which he is the editor (1857, p. 57): 
“Much of the real Cyvrinach alluded to is still extant, as we ourselves 
ee ears ont that measures will be adopted by 
the Welsh Manuscript Society for the speedy publication of the whole. 
Until this is done, the early literature and hi of our country can 
never 


ing they find in manuscript. 
three associates of the ‘Myvyrian Archaiology ’ had each but one 
son, and in each case the son became an eminent man. Taliesin Wil- 


mentioned, was for the greater part of 
yr-Tydvil. He was born in 1787, and 
died in 1847. Like his father, he wrote both Welsh and English poetry. 
Aneurin Owen, the son of William Owen Pughe, never took the name 
of Pughe, assumed by his father. His edition of the ‘ Laws of Wales,’ 
i is a lasting title to remembrance. He was born in 
1792, and died in 1851. The son of Owen Jones, still living, is Owen 
Jones the eminent architect, who produced, in conjunction with Goury 
and Gayangos, the finest work on the Alhambra of Granada; and after- 
wards reproduced, with signal magnificence, the Alhambra itself at 
Sydenham, where he employed, in the decoration of a second 
es the talents which had largely contributed to the success of the 


One of the most eminent writers on Welsh antiquities of the com- 
mencement of the century, was the Rev. Edward Davies, born in Rad- 
norshire in 1756, who died, after a long illness, on the first day of the 
year 1831. He first essayed his powers in works of imagination— 
* Aphtharte,’ a poem, and ‘ Eliza Powell, or the Trials of Sensibility,’ a 
novel; but his chief productions were ‘ Celtic Researches,’ published 
in 1804, and the ‘Mythology of the Druids,’ published in 1809, two 
volumes of no inconsiderable ingenuity and learning, employed in the 
support of a singular theory. According to Davies the druidical 
superstition was P aeperton and patronised in Wales, in an esoteric 
fashion, down to time of Edward I., and was a form of worship in 
which the bull, the horse, and the element of fire were prominent 
emblems. “ If this be genuine British heathenism,” he remarks, “ it 
will be expected that vestiges of it should be discovered in the oldest 
bards now extant, and here, in fact, they present themselves in horrid 
aeerrge The translations of Davies are made in so peculiar a 
ashion, that he turns the Gododin of Aneurin into a description, 
not of a battle at Cattraeth, but’of the massacre at Stonehenge; and 
indeed in his hands, it is difficult to see what any passage may not 

ve. He is, as might be ex , Severe in his criticism on Iolo 
organwg and his ‘ Bardic Triads,’ of the genuineness of which he 
distinctly intimated his disbelief in 1809; but his own views are in 
many cases evidently fanciful, though they have been supported, even 
in later years, by writers of learning. Davies, towards the close of 
his life, received one of the literary 
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not, and could not, belong to the names they were ascribed to, and he 


acknowledged the difficulties with to the ‘ Historic Triads’ and 
other documents, which are often quoted by others without a hint of 
unsoundness. Thomas Price was, like Edward Williams, the son of a 
stonemason, but of a stonemason who, having formed an attachment to 
a clergyman’s daughter, had qualified himself to become a clergyman, 
and died a Welsh pluralist with a salary of fifty pounds a year. Mr. 
Price himself, who was born in 1787, and died in 1848, at the age of 
sixty-one, rose no higher in the church than to the vicarage of Cwmdu. 
He was so indefatigable a writer in Welsh periodicals, chiefly under 
the signature of “ Carnhuanawe,” that he contributed to fifteen, and 
wrote an article for one or the other of them every month. His chief 
production in Welsh is the ‘ Hanes Cymru a chenedl y Cymry’ (pub- 
lished in numbers between 1836 and 1842), a ‘History of Wales and 
the Welsh nation from the earliest times to the death of Llewellyn,’ 
after which it is indeed continued, but on a very meagre scale. It is 
the only history of Wales in Welsh at all commensurate in size and 
importance with the histories of Wales in English by Warrington and 
Woodward. It comprises not only a political, but a literary history of 
the country during most of the period that it embraces, and well 
merits a translation. The best of his English works are collected in 
the ‘ Literary Remains of the Rev. Thomas Price, with a Memoir of 
his Life by Jane Williams, in two volumes (1854-55), the corre- 
spondence in which preseuts, it has been remarked, the fullest. picture 
yet drawn of a Welsh literary life. 

One of the few instances of Welsh scholars who have obtained dis- 
tinction in some other walk is afforded by the Rey. John Williams, 
archdeacon of Cardigan, author of ‘Homer’ and ‘ Gomer,’ the former 
a treatise on the Greek poet, and the latter on the Welsh language. 
Born in 1792, and sent from the school at Ludlow to Balliol College, 
Oxford, Williams was fortunate enough to meet with Lockhart as a 
fellow-student, and to form a friendship with him which influenced his 
whole future career. Recommended by Lockhart as tutor to the second 
son of Sir Walter Scott, he obtained, by Sir Walter’s support, in 1824, 
the rectorship of the new Edinburgh Academy, a sort of rival to the 
old High School and formed one of the circle of the great poet and 
romancer, over whose remains he finally read the funeral service in 
Dryburgh Abbey. His success as a teacher was marked, and the first 
‘ Dux’ in his school was Archibald Tait, the present bishop of London. 
After twenty years of life in Scotland, he returned to Wales, to the 
vicarage of Lampeter and the archdeaconry of Cardigan, and continued 
a career of authorship till his death at Bushey Heath in December, 
1858. His best known work was a life of Alexander the Great, and 
as archdeacon of Cardigan, his ecclesiastical superior was the Bishop of 
St. David's, Dr. Connop Thirlwall, author of the celebrated ‘ History 
of Greece.’ Both bishop and archdeacor were also Welsh scholars ; 
but Thirlwall acquired the language after his accession to the bishopric ; 
Williams had always been noted for his attachment to his country’s 
language and literature, and was zealous in Scotland for the honour of 
Wales. His writings on Welsh subjects, however, did not raise his 
reputation. In ‘Gomer,’ a dissertation on the early forms and history 
of the language, he expressed himself with such positiveness on doubt- 
ful subjects, and such vehemence on unimportant ones, as to weaken 
his eather! . He had announced a translation of the poems of 
Aneurin, Taliesin, and the other primitive bards, with a critical revision 
and re-establishment of the text, which was looked for with much in- 
terest ; but though the announcement was made in 1841, nothing had 
been done towards carrying it out at his death in 1858. 

Among the most eminent of living Welsh antiquaries is another John 
Williams, the Rev. John Williams ab Ithel, rector of Llanymowddwy, 
Merionethshire, and editor of the ‘Cambrian Journal,’ gainer of the 
prizes at numerous Eisteddyods, and author of numerous works on 
Cambrian subjects. Ab Ithel is an ardent believer in the discoveries 
and disclosures of the last seventy years, with regard to Cambrian 
history. In the year 1856 he edited, for the Welsh Manuscript 
Society, the ‘Grammar of Edeyrn the Golden Tongued,’ said to be 
composed about the year 1270, and to which Mr, Williams added a 
translation and copious notes. The first note is as follows :—‘'The 
British alphabet is said to be of divine origin. God in the beginning 
announced His name, and said /\\ , whereupon all things sprang simul- 
taneously into life and being, and responded in a shout of extatic joy, 
4\\. At the same time there aupearna three rays of light, forming the 
divine name and the three first letters, which were also the source of 
all letters and sciences, Einigan Gawr, who was favoured with this 
sight, took three rods of mountain ash, and inscribed upon them the 
name of the Deity, but the people that saw them mistook the rods, 
thus bearing His name, for God himself, which caused Einigan to die 
of grief. (See Coelbren y Beirdd, pp. 6, 7, Iolo Manuscripts, p. 424.) 
After his decease, Menw ap y Tei id received a Siawlades of the 
primary alphabet, and developed it, as it would seem, to the extent of 
ten letters. These letters, or, as they were originally termed, awgrym- 
mau (signs), coelbrai (omen-marks), or ystorrynau (cuttings), were 
kept a secret by the Bards until the time of Beli Mawr, or, as 
Llywelyn Sion says, even unto his own day, (Iolo Manuscripts, pp. 
617, 618, 623.)” As Llewelyn Sion, of Llangewyd, of whom we have 
so often had occasion to speak, died about the year 1616, it must be ac- 
knowledged that this was the best kept secret on record. Mr, Williams, 
it will be observed, speaks of these statements, in regard to the British 
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alphabet, notas the dreams of insanity, but as disclosures to be received 
with respect. He adopts the same serious tone in the preface to the 
‘ Brut y Tywysogion, or the Chronicle of the Princes,’ edited by him in 
1860, and ‘ published by the authority of the Lords Commissioners of 
Her Majesty's Treasury, under the direction of the Master of the 
Rolls.’ “The voice of tradition,’ he begins, “ would not lead us to 
suppose that the ancient Britons paid any very particular attention to 
the study of chronology previous to the era of Prydain, son of Aedd 
the Great, which is variously dated from the year 1780 to 480 before 
the nativity of Christ.” The remarks which follow are of a similar 
character. Ab Ithel is now (1861) publishing ‘The Traditionary Annals 
of the Cymry; reprinted from the Cambrian Journal,’ in which 
many of the statements are based on the manuscript of Llewelyn 
Sion, and many others on what are simply quoted as “unpublished 
manuscripts.” 

A more complete contrast to Ab Ithel, in the character of his 
criticism, can hardly be imagined than Mr, Thomas Stephens, of 
Merthyr-Tydvil, acknowledged even by his opponents to be one of 
the first of living Welsh scholars, In his ‘Studies on British Bio- 
graphy,’ printed in the ‘Cambrian Journal’ in which the editor is in 
the habit of speaking of Prydain ab Aedd Mawr as a personage as 
historical as Llewelyn ab Jorwerth, or William the Conqueror, Mr. 
Stephens remarks that “it is seldom that a name can be clearly 
demonstrated to be a myth, and the stages of its growth fully and 
satisfactorily unfolded, but we are enabled to do this in the case of 
Prydain ab Aedd Mawr, and to show that the name is one of the best 
specimens of a myth in all literature.” “On me be the shame,” he 
adds, “if the statement is not borne out by the facts and reasons here 
following: on those who have deluded their countrymen with dreamy 
speculations and hardy mis-statements, if the proof should be conelu- 
sive.” Mr, Stephens forcibly describes himself at the end of his article, 
as one “‘who honestly endeavours to unfold the real history of his 
country and countrymen, and who aspires to teach them that that can 

be no true patriotism which upholds as veritable history a tissue of 
* demonstrable fictions, which fears to realise its own boast of ‘ Truth 
against the world,’ and dreads nothing so inuch as to see its ‘traditions’ 
subjected to a rigorous examination ‘in the face of the sun and in 
the eye of light.’” The most important work hitherto published 
by Mr. Stephens is his valuable volume on the ‘ Literature of the 
= in the I'welfth and following Centuries,’ The reader, even 
where he cannut agree with the author's opinions, feels assured that 
they are those, not only of a man of learning, but of sincerity and 
judgment. A complete history of Welsh literature from the same 
pen would be a boon, not only to the literature of England, but of 
Europe, and the gratitude of men of letters would make amends to 
Mr. Stephens for the virulence with which he has been sometimes 
assailed by the mistaken patriotism of ill-judging countrymen, who do 
not ive that he is one of the best friends and supporters of the 
real honour of Wales. 

It has been already mentioned that Mr. Stephens’s general views 
have found a powerful supporter, and in some cases extender, in Mr. 
Nash of Cheltenham. They are also substantially those adopted in 
the able ‘ History of Wales’ from the earliest times to the incorpora- 
tion with England, by Mr, Bernard Woodward, librarian to the Queen. 
Much excellent criticism on Welsh Druidism, Bardism, and litera- 
ture may be found embodied to the greatest advantage in a volume 
which is distinguished for the vivacity, as well as the general sound- 
ness of its views. 

The music of Wales was first brought before the English public, in 
connection with its poetry, in the ‘Relics of the Welsh Bards, pub- 
lished in 1784, by Edward Jones, “ Bard to the Prince of Wales,” a 
native of Merionethshire, who died at London in 1824, The work is 
valuable from the specimens it contains of both poetry and music, 
but the poetry is too eneey, rendered, and the accompanying 
notices are little to relied on. A similar collection of Welsh 
tunes was made by John Parry (born at Denbigh in 1776, died at 
London in 1851), a self-taught musician, who became composer to 
Vauxhall Gardens, and was moreover honoured with the degree of 
“ Bardd Alaw,” or Bard of Music, at a congress of Bards, in 1821. Mr, 
Parry had the good fortune to engage Mrs. Hemans to write the 
verses to his collection of melodies; but Mrs. Hemans, though she 
spent part of her childhood and much of her life in Wales, and was 
attached to the country, was unacquainted with the language. An- 
other collection of Welsh tunes is now announced as in preparation, 
with Welsh words, by *Talhaiarn,” one of the first of living Welsh 
poets, and tranelations into English verse by Mr. Thomas Oliphant, of 
the Madrigal Society, author of the ‘Musa lesca.” 

The quantity of Welsh poetry, or verse, that has been written 
during the last hundred years is very remarkable, and not the less 

le is the general uniformity of its character. It is almost 
exclusively lyrical. In the whole range of Welsh literature for many 
centuries there was nothing of the epic or narrative kind, not even so 
much as @ ballad, while the most popular volume of Breton poetry 
that has been published, the ‘ Barzas Breiz,’ consists of a collection of 
ballads gathered among the peasantry. An absence of fiction in prose, 
of that class which the Germans consider a branch of postsy, is also 
very striking in Welsh literature. It might be brought as an argu- 
ment against the originality of the Mabinogion, that the only other 


some who deny him the name of the Welsh 8 


fictitious narratives that have been popular 

our own times, have certainly been imported. The ‘Pi 's Progress’ 
aoe falar rege, Ae oe the ‘ Sleeping Bard’ of Ellis Wynneis 
founded on Quevedo; and the only book of the kind that has stirred 
the mind of the Welsb in our days is ‘Uncle Tom’s Cabin, which 
received the extraordinary honour of four different translations 
adaptations. All these works, it may be remarked, partake of a reli-— 
gious character. We have never heard of a Welsh translation 

* Robinson Crusoe,’ or of a novel by Sir Walter Scott. Some ‘ Tem; 
rance Tales’ have lately been uced in answer to prizes, 
observe that with the present year (1861) a serial was commenced at 
Llanerchymedd under the title of ‘ Y Nofelydd,’ ‘The Novelist,’ If 
well conducted, we heartily wish it success. e “ Cymro uniaith "— 


the Welshman who knows no language but Welsh, has been left sin- 


gularly deficient in means of literary recreation. The Saxon can 


hardly be more ignorant of the literature of Wales than such a “ 


“ Cymro uniaith” necessarily was, till very recently, of the literature 
of England. , 
Some of the poets of the more recent period have already been men- 


tioned in giving an account of the antiquaries;—Owen Pughe, Edward 
Williams, and his son Taliesin ; of the others, the only dramatic onemay 


take precedence. ‘“ T'wm o'r Nant,” says Williams, or Iolo M 
in one of his letters, “ has been called the Shakspere of Wales. 1a 


been name him with the Shakspere of England! You have 


most probably seen a foolish crambo sometimes put into the hands of 
little children beginning to read, ‘'This is the House that Jack built.’ 
It is much fairer to compare this to the writings of preg ans Hols than 
anything that was ever written by Twm o'r Nant, whose interludes 
consist uf nothing but the lowest and frequently the most indecent 


buffoonery that can be imagined.” “ Twm o'r Nant,” or “Tom of the 
Valley,” was the bardie name of Thomas Edwards, who was the 


originator and chief of a band of strolling players who went about to_ 
the Welsh villages. His interludes, “ Enterlutes,” as he calls them in 
Welsh, resemble, if we may judge by their titles, which are by 
a correspondent in the ‘ Gwiadgarwr’ (vol. vi., p. 144), the Mysteries, 

or Moralities, which preceded the establishment of the regular theatre 
in most countries of Europe. One of them is a dialogue between a 
Protestant and a Dissenter; another between Pleasure and Misery. 
The dates of these are 1783 and 1787. He afterwards advanced nearer 
to the regular drama, for in 1812 we have the ‘Ystori Richard 
Whittington yr hwn a fu dair gwaith yn Arglwydd Maer Llundain ;’ the 
story of Whittington tlirice lord mayor of London. Their merit, we 
may charitably suppose, was greater than Williams allows them, since 
call him the 
Welsh Aristophanes, Edwards was born in Denbighshire in 1738, and 
died, apparently, before 1820. Before his time the only existing 

mens of the Welsh drama, that we are aware of, are a yolume of 
“interludes” of the 17th century, among the manuscripts of 
British Museum. Since his time we have heard of no eps to 
revive the acted drama in Wales; but in a recent number of ‘Y 
Beirniad,’ a periodical, there is an adaptation of David and Goliath, 
from the original of Hannah More; and Talhaiarn gives in his poems 
a translation of a scene or two from 8 *s ‘ King Lear.’ 

of the fourth period in Wales is generally of a serious 
distinguished among the 


character. Three Davids are mentioned as di 
bards —David Richards of Dolgelly (1751-1827), known as Davydd 
Ionawr ; David Thomas of Caernarvon (1769-1822), known as Davydd 
Ddu Eryri; and Dayid Owen of Eivion (1784-1841), by his bardic name 
Dewi Wyn. Davydd Ionawr is sometimes called “the Christian poet 
of Wales,” his chief productions — asort of epic on the Trinity, 
and a paraphrase of the history of Joseph. Davydd Ddu was 
one of the companions of Iolo Morganwe in the bardic meeting held in 
1792 on the summit of Primrose Hill, and in 1793 and Bt was, 


with his rival, Walter Davies, or Gwallter Mechain, ar 
contending at Kisteddvods for a time, because, when they did so, their 
competitors had no chance of success. Dewi Wyn spent his life in 


pursuits, and his poems were collected in a volume under the 

title of ‘Blodau Arfon,’ or ‘Flowers of Arvon.’ Mr. Thomas Lloyd 
Jones (Gwenffrwd), of Holywell, in Flintshire, who emigrated to 
America, and died in Alabama in 1834, in his twenty-fourth year, 

ublished a small but useful volume, * Ceinion Awen y Cymry,’ ‘ the — 
Beauties of Welsh Poetry,’ an acceptable guide both to 
native. A larger volume of this description, with biographical notices 
of the poets, on the plan of Mackenzie's ‘ Specimens of Gaelic os 
is much required in Welsh literature, Lloyd Jones had also translated 
into Welsh, Thomson's ‘ Seasons,’ and the * Deserted Village,’ and thus 
set an example, which has been followed 
by —— Jones (Talhaiarn), of enabling the Welsh reader to taste some 
of the beauties of the bards of England, Merthyr-Tydvil at one time 
boasted of three poets—Taliesin ms, already repeatedly 
tioned ; Edward Williams, an innkeeper, who, to distinguish him from 
the more famous Edward Williams, or Iolo Morganwg, was called Iolo — 
Mynwy; and’ John Thomas, said by his admirers 
casted in South Wales, Two eminent Welsh 
Oxford together—the Rev. Daniel Evans, of y ) 
assumed the name of Daniel Ddu o Geredigion, from his native 
Cardigan, and the Rev. John Jones, of Christ Church, who took that of 
Tegid, from having been born near Llyn Tegid. A collection of poems 
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by the former was published at Llandovery in 1831, under the name 
of ‘ Gwinllan y Bardd,’ ‘The Poet’s Vineyard.’ The productions of the 
other have not yet, that we are aware, been collected, though the 
death of Tegid took place some years ago, and his poems are such as 
his would not willingly let die. The gRev. Walter 
Davies, Gwallter Mechain, from his birthplace, Llanvechain, 
in Mon ire, was born in 1761, and died in 1849, in his eighty- 
ninth , still an active contributor to Welsh periodicals, for which he 
had Shen been in the habit of writing for more than half a century. 
As a Welsh poet he was more remarkable than his friend Iolo Morganwg, 
and his influence at the Eisteddyod of 1819 was strong against Cyngha- 
nedd, The Rey. James Hughes, born in 1779, at first a peasant in Car- 
diganshire, then a workman in Deptford dockyard from his twenty-first to 
his forty-fifth year, became, in 1810, a Calvinistic Methodistpreacher, was 
for many years minister in Jewin Crescent Chapel, and died in 1846. 
His Welsh commentary on the New Testament is in high esteem, and 
he was also considered a good poet and critic, Among his productions 
is a translation of Gray’s ‘Bard.’ Some Welsh verses are inscribed on 
his tombstone in Bunhill Fields burying-ground, in full view of the 
along the busy City Road, whose eye they often catch, The 
Rev. William Rees, of Liverpool (Gwilym Hiraethog), is a poet of high 
reputation, who ly exercises his pen on serious subjects, and the 
chief production in whose volume of poems is a rase on the 
Book of Job, The Rey. William Williams, of Caernarvon (Gwilym 
Caledfryn), author of ‘Grawn Awen’ (‘The Treasure of the Muse’), 
and other volumes of poetry, has been for the last forty years one of 
the leaders of the poetical choir. It is somewhat remarkable that we 
hear of no “tenth Muse,” no poetess whatever in the Welsh Parnassus, 
though of late even female preachers and female lecturers have been 
numerous in the country, and its history and literature owe permanent 
obligations to the Englishwoman Mrs. Hemans and the Scotchwoman 
Lady Charlotte Guest, A poem entitled ‘ Wales,’ which has appeared 
in America, is a tribute to her native country by Miss Maria James, 
who, when she left the Old World at the age of eight, was acquainted 
with no language but Welsh, and whose first lesson in English was to 
learn on board the vessel the meaning of “ Get out of the way.” But 
even in her tribute to Wales she adopted the English language. One 
Bpemeeee oF te paiens peopcend by the Welsh societies has been that 
of late some versified narrative has introduced to give a little more 
variety to Welsh poetry. It is singular to observe with what unde- 
vial the national mind has run for centuries in the track 
of funeral elegies and Soletes 80 rng Ape in modern bes a scarcely 
any respectable clergyman is lost to his congregation without being 
celebrated in verse. The poet whose Bardic name is Talhaiarn, but 
whose real name is —— Jones, seems to offer an exception in many 
respects to the general course of his countrymen, He writes poetry 
in ish as well as Welsh; he appears to appreciate and enjoy 
ish literature; and his productions are of a lighter and more 
amusing kind than usual, A long residence abroad, not only in 
England, but in France, in pursuit of his profession as an architect, 
to have emancipated him from many of the narrow ideas 

which are still found in the glens of Wales. 

The cultivation of Welsh prose has lately taken a much wider range 
than formerly, owing to the great spread of periodical publications. 
Of oy works there are few, except of a purely theological cast, 
and are soy Po pen on the Seri , in which the 
matter is taken from + ay pa and only arranged ina 
new manner. The Rev. Thomas Price’s ‘Hanes Cymru,’ a history of 
Wales which has been already noticed, is almost only volume of 
original research, A volume entitled ‘ Brutusiana sef i 
Detholedig o'i Cyfansoddiadau’ (‘ Brutusiana, or a Select Collection 
of his Compositions’), by David Owen, who writes under the signature 
of Brutus, is considered to contain some of the best specimens of 
modern Welsh prose, which are chiefly reprinted from the periodical 
entitled ‘ Yr Haul,’ of which Mr. Owen was editor. The subjects are 
mostly religious. Mr. Hugh Williams, known under the bardic name 
of Cadvan, and formerly editor of the ‘Cymro,’ a newspaper published 
at Bangor, is also celebrated as a writer of elegant and idiomatic Welsh 
prose, and was ted with a testimonial on that account by his 
countrymen in on, in May, 1860, Mr. Williams is one of the 
translators into Welsh of ‘ Uncle Tom’s Cabin.’ 

The spread of Methodism in Wales has been referred to as one of the 
causes of the revival and extension of its literature, and the proof is 
at hand in the fact, that no other literature whatever is so emi- 
Methodism in Wales, as elsewhere, has found its 
chief acceptance among the lower classes. In England the Methodists 
have a literature of their own, but it is couched in the common lan- 
guage of the country; in Wales that literature is in the peculiar 
language of the peasantry. The peasantry are delighted beyond 
measure to hear themselves addressed from the pulpit in their native 
tongue. The two a sr hers of Anglesey, Christmas Evans 
(1766-1838) and John K 774-1841), produced wonderful effects on 
their Welsh congregations. istmas Evans,so baptised because he was 
born on Christmas-day, was noted for his fine voice and his theatrical 
action. John Elias, who paid a visit to London every three years, and 
also took tours through England, preaching in Welsh in towns where 
no other Welsh sermon had ever been heard, was a sort of apostle to 
hia countrymen. The great body of modern Welsh literature is thus 


oi a theological and sectarian cast, and it is supported by many to 
whom nationality and national traditions are a matter of comparative 
indifference. There are also many, to whom theological disputes 
are matters of less interest, but who are enthusiastic for their 
nationality and their language. Between the two are all shades of 
combinations of the two feelings—theological and national; and 
the progress of both is more faithfully delineated than anywhere else 
in the Welsh periodical press. In almost eyery country the periodical 
portion of its literature has now assumed an importance unknown 
to previous stages of its history, but in no country is it so predominant 
as in Wales. 

The first Welsh periodical of any kind appeared about 1770 : its title 
was ‘Yr Eurgrawn Cymraeg,’ or the ‘ Welsh Treasure,’ and it was 
edited by the Rey. Peter Williams, of Caermarthen, and Evan Thomas, 
a Welsh poet, from Montgomeryshire, then resident in that town. 
Allusion has already been made to ‘Y Greal,’ or ‘The Miscellany, 
which was set on foot by Owen Jones, under the editorship of Oweir 
Pughe, in 1805, and did not proceed further than one volume. The 
‘Seren Gomer, or ‘Star of Gomer, was the first periodical that 
achieved a decided success in Wales, There are three different stages 
of its career,—as a weekly newspaper, a monthly magazine, and a 
quarterly miscellany. The first number of it appeared at Swansea, on 
Saturday, the lst of January, 1814, and was the first Welsh newspaper 
ever printed. Its object was stated by the editor, in his opening 
address, to be to arrest or prevent the extinction of the language, 
which it appears was then expected by many not to survive that gene- 
ration. he editor, the Rev. Joseph Harris, a Baptist minister of 
Swansea, was a self-taught man, who carried his admiration of his 
native language to a fanatical extent. The ‘Seren Gomer’ newspaper 
was at first very successful, but its supporters soon began to cool and 
fall off, and it came toa close with No, 85, in 1815, the proprietors, 
six in number, suffering it is said a loss of 1000/. by the enterprise. 
In 1818, it was resumed as a monthly magazine at Caermarthen, under 
the same title and with the same editor; but this time it had moro 
of a sectarian character, and it struck deep root, Even the loss of its 
editor, Harris, did not check its success: he died in 1825, of a broken 
heart at the loss of his only son, who had died the year before at the 
age of twenty-one, and was already known, under the name of Jeuan 
Glan Tawy, as a poet of merit. The ‘Seren Gomer’ continued to be 
for many years the most popular magazine in Wales, though its success 
gave birth to several rivals, Its general character was that of the 
English magazines of the early part of the 19th century, the contents 
consisting mainly of articles from chance contributors, and every num- 
ber comprising a digest of foréign and domestic news, with the state of 
the markets, so as to give the reader the advantage of a monthly 
newspaper, Questions of tg thar» and church government took how- 
ever such a prominence in its columns, as would have caused it to be 
classed in England among the religious magazines, such as the ‘ Kyan- 
gelical,’ or the ‘Baptist.’ Its price as a monthly maguzine was sixpence; 
it is now raised to a shilling, and the ‘Seren Gomer’ of 1861 isa 
quarterly publication. 

Several of the other periodicals which arose in consequence of its 

88 were cted with religious bodies. ‘Y Drysorfa,’ or ‘The 
Treasury,’ edited by John Parry, and commenced in 1831, was under 
the superintendence of the Calvinists. ‘ Y Diwygiwr,’ or ‘ The 
Reformer, commenced at Llanelly in 1836, was conducted by a com- 
mittee of the Independents; and ‘Y Dysgedydd, or ‘The Teacher,’ 
published for the last thirty years at Dolgelly, is edited by six or seven 
Congregational ministers, Most of the other magazines are organs of 
Wesleyans, Independents, Baptists, or Universalists. The ‘ Cylch- 
grawn, or ‘Circulator,’ consisting principally of translations from 
the publications of the Society for the Diffusion of Useful Knowledge, 
in particular the ‘Penny Magazine, and ‘ Penny Cyclopedia,’ had 
a very short career, in consequence of the distaste of the Welsh 
public for all but religious publications, It was commenced 
in 1834, and discontinued in 1835. Its editor was the Rev. John 
Blackwell, of Mold, in Flintshire, who had raised himself from 
the position of a shoemaker to that of rector of Meinordeifi, in 
Cardiganshire, and had some poetical reputation. Other publications 
were more successful, which, though not excluding sectarian matter, 
had a strong tincture of literature. ‘Y Gwladgarwr,’ or ‘ The Patriot,’ 
published at Chester and Liverpool from 1833 to 1841, under the 
editorship originally of the Rev, Evan Evans (Jeuan Glan Geirionydd), 
contains amusing and instructive bi hical articles, ‘ Yr Haul,’ or 
‘The Sun,’ published by Rees of Llandovery, though espousing the 
interests of the Established Church, was edited by a layman, David 
Owen, and contained some valuable and non-ecclesiastical matter. 
But the leading literary o of Wales for some years has been a 
quarterly periodical entitled ‘ Y Traethodydd,’ or ‘The Essayist,’ com- 
menced in 1845 at Denbigh. This is a production of a class answering 
to the English quarterly reviews, the articles in it being all of a 
superior character, and supplied by paid contributors. It takes a 
wider and freer range than its predecessors, and is the only Welsh 
periodical which contains, for instance, an“ essay” on Goethe's ‘ Faust,’ 
and another on Kant’s ‘ Philosophy.’ Many of its articles well merit 
translation: we may cite, as an instance, a curious account of the 
French invasion at aap, nae much fuller, we believe, than any 
that has yet appeared in English. Since 1859 a companion has arisen 
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to the ‘ Tracthodydd’ in ‘ Taliesin,’ a quarterly magazine issued at 
Ruthyn, which publishes the productions, both poetical and in prose, 
which have received the prizes at the Eisteddvods, in addition to 
reviews of new books and miscellaneous articles. The Welsh pe- 
riodicals form altogether the most striking and attractive feature in 
their modern literature. Their number is astonishing, and are 
issued even in secluded towns and villages. In the catalogue of 
the periodical publications in the Li of the British Museum, we 
find two Welsh magazines published at gollen, three at Llanidloes, 
and four at Lianelly. An in 

articles of the ‘ Athenwum’ (8th and 15th November, 1856), which 
enumerated sixteen magazines and six newspapers, The | news- 
paper is the ‘ Amserau’ (the ‘ Times’), published at Liverpool, whose 
circulation was computed in the ‘Atheneum,’ but no doubt very erro- 
neously, at 100,000, Penny newspapers are now numerous and well 
conducted. ‘Yr Herald Cymraeg,’ published at Caernarvon, and ‘ Yr 
Udgorn y Bobl’ (‘The People’s Trumpet’), published at Denbigh, 
contain letters from correspondents at London, Liverpool, Dublin, 
Hirwaun, &c., &c., which though not remarkable for purity of language, 
furnish much more amusing reading than was formerly within reach of 
the Welsh reader. It was mentioned in the ‘Athenwum’ that a 
selection of extracts from the Welsh periodicals was issued at New 
York, under the title of ‘Y Detholydd,’ or ‘The Selector,’ and that 
there were also original Welsh periodicals in America: ‘ Y Cenhadwr’ 
(‘The Messenger’), ‘ Y Seren’ (‘ The Star’), ‘ Y Cyfaill o'r Hen Wlad’ 
(‘ The Friend from the Old Country’), “and many others.” Samuel 
Jenkins, of Philadelphia, who contributes a letter on eminent Welsh- 
men to a book by Alexander Jones on the Welsh in America, entitled 
‘The Cymry of '76, published at New York in 1855, mentions that of 
four Welsh magazines then published in the United States, one was 
issued in the city of New York, two in towns in Oneida county, and 
the other in Pottsville, Pennsylvania, We have also seen mentioned 
a newspaper at New York, ‘Y Cymro Americanaidd’ (‘The American 
Welshman’), which is said to have 5000 subscribers. In an enume- 
ration of the newspapers published in America in 1861, it is stated 
that there are five in the Welsh language,—and, we believe, exactly 
four thousand in the English. 

One of the enterprises of Welsh publishing is the Welsh 
Encyclopedia, commenced by Mr. Gee, of Denbigh, in the year 1856, 
under the editorship of the Rev. John Parry, of Bala. Its title is 
‘ Encyclopedia Cambrensis-Y Gwyddoniadur Cymreig.’ It is divided, 
on the plan of the ‘ English Cyclopedia,’ into several sections, of which 
the first, which is now publishing, is that of Divinity, Philosophy, and 
Antiquities. The first number of the fourth volume, just issued (in 
August, 1861), carries it to the article Dyfnwal Moelmud, in which, as 
in the article on Bardd, which occupies 36 closely-printed pages, a full 
and impartial account is given of the views of both of the parties in 
Welsh antiquities, but in a manner which leaves no doubt that the 
writer’s judgment is adverse to the supporters of Bardic tradition. 
The Encyclopedia is a work which in its literary character does honour 
to Welsh literature, and in its typographical execution does honour to 
the Welsh press. 

This is perhaps the most appropriate place to mention that some 
of the most valuable information in print with regard to the literature 
of Wales is comprised in five periodicals in the English language, 
devoted eushutesty to Welsh subjects. The earliest of these, the 
Cambrian Register,’ extends to three volumes, the first of which was 
published in 1796, the second in 1799, and the third in 1818. It 
would be difficult to name three volumes of a periodical publication 
more rich in original information of interest. The letters of distin- 
guished Welsh antiquaries, which form a portion of its contents, are 
particularly entertaining; anda history of Welsh poetry, which appears 
in the first volume, contains more information on the subject of its 
recent authors than will be found elsewhere, Dr. Owen Pughe was 
one of its principal contributors, and is said to have been its editor. 
‘The Cambro-Briton and General Celtic Repository,’ also in three 
volumes, published in the years 1819—1822, is an excellent periodical, 
replete with information of every kind, and remarkably free from 
frivolous or unimportant matter. Its editor was Mr. John Humffreys 
Parry, secretary to the Cymmrodorion Society, author of the ‘ Cam- 
brian Plutarch’ and other works of reputation, The ‘ Cambrian 
Quarterly Magazine,’ in five volumes, published from 1829 to 18383, is 
unfavourably distinguished from ita predecessors by the admission of 
articles of mere light reading: but some of these are extremely well 
written. The present successor to these works is the ‘ Cambrian Journal, 

ublished under the auspices of the Cambrian Institute,’ and edited 
y the Rev. John Williams ab Ithel. It was commenced in 1854, 
and the four quarterly numbera form a volume each year. The 
articles are of a very varied kind, and of extremely’ different degrees 
of merit, and opinions of the most opposite character are freely and 
strongly ex: The ‘ Archeologia Cambrensis,’ or ‘ Journal of the 
Cambrian Archmological Association, though of course leas devoted 
to literary subjects than the other periodicals, contains a good deal 
that bears upon them. It has produced an annual volume of four 
quarterly numbers, with occasional supplements, since its commence- 
ment in 1846, The editor is the secretary of the society, the Rev, 
Longueville Jones, The volumes of these periodicals, now about 
thirty in number, should find a place in every public library in 


ing notice of them was given in some 4 
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England, where the literature of ancient Britain and the modern 
literature of a considerable portion of it, are not objects of indiffer- 
ence, They a almost all the —— on the subject at 
present accessible to the English reader—defective in many respects, 
it is true, and scattered over many volumes; but we can scarcely com- 


= of the deficiency of a general and satisfactory au of the 
iterature of Wales, while as yet we have nothing of a similar kind for 
our own. 


In speaking of the periodicals we have anticipated some of our infor- 
mation with regard to societies. The literary associations of Wales, 
though not very successful at first, have been in the long run most 
effectual in reviving the taste for its literature. The earliest of them 
seems to have been the Cymmrodorion (Associates) or Metropolitan Cam- 
brian Institution, which was originally established in London in 1761. Its 
immediate purpose was to cultivate the language and literature of Wales, 
and its members were also to “ contribute their endeavours towards the _ 
instruction of the ignorant and the relief of the distressed part of their 
countrymen.” It collected some scarce books and man relating © 
to Wales, which were afterwards deposited in the library of the 
Welsh school in Gray's Inn Lane, but did little else in a literary point 
‘of view, and after an existence of thirty years appears to have 
gradually expired of inaction. Its place was more vigorously occupied 
by the Gwyneddigion, or Society of the Men of neda, or North — 
Wales, which was established in London in 1771, by i H 
patriot Owen Jones of Myvyr. ‘This association at different times 
patronised various literary works connected with the principality, but 
its chief aim was to keep alive the attachment to the national music 
and poetry. With this view it revived the ancient congresses of the 
bards, and distributed medals among the best performers on the 
national instrument, the harp, and the writers of the best Welsh 
poems on subjects selected annually for the occasion. In 1798 an 
* Kisteddvod ” was held under the auspices of Owen Jones, at Caerwys, 
in Flintshire, which prepared the way for the “ Eisteddyods” of more 
recent times. The London Cymreigyddion Society, founded in 1795, 
was intended to place the natives of Wales on something of an 
equality with the natives of Great Britain, in respect of the oppor- 
tunities of acquiring useful knowledge; and for this p’ its 
meetings once a month were to be devoted to the delivery ot heokia 
in the Welsh language on scientific and useful subjects, many of which 
were printed: and published. This society now appears to be extinct, 
and one of its last public acts was to reward in 1840, the Rey. J. 
Bray for his ‘Essay-on the Means of Promoting the Literature of 
Wales, in which he recommended the systematic discouragement of 
the Welsh language. The second “ Cymmrodorion” Society was 
formed in 1820, at a meeting held at the Freemasons’ Tavern, and 
has similar objects with the first. It commenced the publication 
of its ‘Transactions’ in 1822, and completed a second volume in 
1843, after which it appears to have come to a stand-still. The 
“Society for the Publication of Ancient Welsh Manuscripts,” was 
founded at Abergavenny in 1837, and was announéed in its 
to be acting in conjunction with the “Cymmrodorion Society, founded 
at London in 1750,” by which the second Cymmrodorion Society was 
probably meant, though the date given is anterior even to the for- 
mation of the first. The Manuscript Society after issuing the ‘ Liber 
Landavensis,’ or the ‘ Ancient Register of the Cathedral Church of 
Llandaff, in Latin and English, under the editorship of the Rev. W. 
J. Rees, the ‘ Heraldic Visitation of Wales,’ the ‘ Lives of the Welsh 
Saints,’ and other valuable publications, the Iolo Manuscripts, and the 
‘Grammar of Edeyrn,’ appears to have fallen into a state of languor. 
It was recently announced, however, as already stated, that measures 
are about to be taken for restoring its vigour. 

The Cambrian Institute, founded in 18538, has held a few occasional 
meetings in London, and has a number of sectional committees and 
local secretaries, but its yim b is chiefly ee da in the publication 
of the ‘Cambrian Journal,’ which is circulated among its subscribers, 
It is remarkable that one of its earliest patrons and its present presi- 
dent is Prince Louis Lucien Bonaparte, nephew of Na) IL, and 
cousin of the present Emperor of the French, who has in many ways 
distinguished himself as a cultivator and student of the Celtic lan- 

uages as well as of others of the less known tongues of Europe. The 
Prince was born in England, and on the Welsh border, at the time 
that his father, Lucien Bonaparte, was resident in this country, during 
the reign of the first Napoleon. Another distinguished name in the — 
list of the Institute is that of the poet-laureate, Alfred Tennyson—a 
uliarly appropriate one, not only because Tennyson has given fresh 
brilliancy in our time to the legends of King ur, but because the 
office he holds is one peculiarly in keeping with Cambrian notions of 
privileged bards and poets named by authority, The first poet-laureate — 
of the English court was appointed in the reign of Edward IV., who 
is said in some Welsh Guide-Books to have been born in Wales. 

While the Societies have, as a general rule, been somewhat inert, 
a brilliant success has attended the revival of the Eisteddvodau — 
(literally ‘ sessions’), or meetings for poetry and music, such as were 
first re-inaugurated in 1798 by Owen Jones, who seems to have had a — 
happy tact in discovering what was likely to succeed, though he was 
himself in advance of his time. Their progress was obscure till 1819, 
when one was held at Caermarthen, under the presidency of Dr. 
Burgess, then bishop of St. David's, but in reality prompted and sup- 
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ported by Dr. Joseph Harris, the Baptist editor of the ‘Seren Gomer,’ 
and coasted aa enlivened by Iolo Morganwg, who completely took 
the lead and put in practice many of the ideas which appear in the 
notes to his ‘ Ode on Primrose Hill.” This Eisteddvod was so successful 
as to form an in their history, and ever since they have been 
becoming more uenteand more popular. The idea at the basis of 
such meetings, that of holding a sort of Fair for poetry and music, is 
one that was practised in the “ singer’s festivals” of the Minne-singers 
and the floral games of the Troubadours, and even among the Arabs 
before Mohammed, whose poetical rivalries at the fair of Ocadh gave 
rise to the ‘ Moallakat,’ which are some of the most classical com- 
positions of Arabic literature. The same principle received a new 
application in the Fairs for Science introduced by Oken in Germany 
in 1822, on the model of a meeting of naturalists in Switzerland 
in 1815, and the idea was im from Germany to England by 
the foundation of the British Association in 1831. Meetings of agri- 
culturists, archzeologists, orientalists, men of science, and others, are 
now held in many parts of Europe, but fairs for and author- 

iar in times to Wales and Pro- 


ruids, Ovates, and others, with the members 
of the three orders attired in their distinctive costumes—the bards 
in a loose habit of blue, the druids in snowy white, and the ovates 
in green. The procession led to a spot where three hugh stones were 
placed in the order 4j\. ‘‘ These lines, or pencils of light, as they 
are termed, form,” we are told in the Report, “the mystic symbol 
known the bards and druids as the name of God—the 
* Word’ or attribute of creation—it being held by the bards that God 
created the universe by showing and pronouncing His own name.” 
It will be remembered that seventy years ago this tradition, such as 
it is, was unheard-of in Wales, and only existed in an unpublished 
manuscript. The Rev. John Williams ab Ithel, presiding bard of 
the Eisteddvod, stood on the central stone within a circle, and de- 
livered an address, received with “frequent marks of applause,” to 
the effect that the Cymry succeeded beyond all other nations in keep- 
ing the ancient religion of Noah uncorrupted till the coming of 
the Messiah, when “they received the Gospel as the superstructure 
or completion of Druidism, and their ancient system was clothed 
with Christianity.” A ceremony then took place of receiving and 
admitting candidates for the orders of bards, druids, and ovates. In 
the course of the day, speeches were delivered, and various essays 
were read which had been determined to be the best sent in to 
compete for prizes. One of these prizes was of twenty-five pounds, 
offered by the young men of Llangollen, for the best treatise on 
ineral resources of Wales, with the stipulation that if the 


the mi: 
successful composition should be in ee, ee 
@ prize was adjudged to 


into Welsh at the author's bee ee ge 
an essay signed “ Didascalos ;” the author being called for, appeared 
in the person of the Rev. John Jones, Baptist minister of Llangollen, 
who was publicly presented with the prize by Miss Williams ab 
Ithel. The proceedings of the day terminated with a concert, at which 
about three thousand persons attended, to admire Mr. Ellis Roberts’s 
ormance on the ot fe laugh at Owen Alaw’s comic song of “ Hen 
organ a’ i Wraig” (Old Morgan and his Wife), and enjoy similar 
festivities. On the second day, an English gentleman, Mr. Kenward, 
recited some lines of a poem on ‘English Sympathy with Wales ;’ 
but, say the reporters, “a feeling of impatience being manifested by 
the Welsh portion of the audience who did not understand English, 
Mr. Kenward, felt reluctant to read the whole, and retired from the plat- 
form.” Another English gentleman remonstrated, and Ab Ithel came 
forward to inform the meeting that Mr. Kenward was a who 
pre-eminently “loved our nation,” and had been most indefatigable in 
collecting subscripti for the Eisteddvod, on which he was allowed 
to thro' about twenty stanzas. More speeches and Pennil- 
lion singing followed, and an adjudication of the prize of 30/. for an 
Ode in on “ the Battle of Bosworth Field, by which the Cymry 
recovered the monarchy of the isle of Britain.” On another day the 
main feature was the presentation of a “Cambrian gold torque of 
valour” to Corporal Shields, of the Welsh Fusileers, who had fought 
in the Crimea. Close to Llangollen, on the summit of a hill, are the ruins 
of Dinas Bran, a name sometimes translated “Crow's Castle,” Bran being 
‘the Welsh word for “ crow,” but supposed to take its origin from the 
mountain-torrent, Bran, which runs beneath. Some antiquaries have 
absurdly the castle to be named after Brennus, king of the 
Gauls, and the Rev.R.W. in presenting the torque, took occasion 
to mention it thus ; “ Corporal Shields is a{Cymro, the representative of 
a race that from the earliest ages has been distinguished by two grand 
characteristics—profound religious feeling, and chivalry in the field. 
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Towering above us, frown the ruins of the castle of one of the earliest 
of the great conquerors of mankind, Bran or Brennus, the captor of the 
Eternal City, the founder of the Cisalpine empire and its civilisation, 
the first general that, long antecedent to Hannibal, crossed the glaciers 
and snows of the Alps, and vanquished the opposing bulwarks of Nature 
herself. (Loud cheers.) Choral singing, contentions with the harp, 
impromptu poetical contests, recitations of the speech of Caractacus by 
boys, competitions of the best female singers to the harp, and the best 
female harpists, filled up the remainder of the four days duriag which 
the Eisteddvod lasted, each day concluding with a concert. The 
devotion to the charms of poetry and music, which was shown by so 
large a population, many of the peasant class, was certainly a high mark 
of civilisation and refinement of character ; but the patriotism of many 
of the speeches was of the spurious kind, which is as ready to boast of 
the false as the true, and the semi-religious character of many of the 
proceedings presented still graver matter of objection. There seems 
too much resemblance between the adherents of the Book of Llewelyn 
Sion of Llangewyd and the believers in the Book of Mormon, who are 
unhappily numerous in Wales. , 

One speech at an Wisteddvod, of a different character from those 
usually delivered, contains some remarks which, though expressed in 
rough and homely terms, it would be well for Cymriec patriots to 
consider. They occur in the Welsh portion of the works of the 
modern Talhaiarn, in the report of a» speech delivered at an Lis- 
teddvod at Llanfairtalhaiarn :—“ It is the test folly in us to shout 
out that we are at the head of the world in poetry and prose. It 
is a very great mistake; for the fact is the Saxons beat us all to 
pieces in poetry, philosophy, and all kinds of learning. Do you think 
Isay this to hurt or insult my country or my nation? Nothing of the 
kind. I reverence and love them both, nor will I ever go about to seek 
to find fault with either. Neither will I soil my lips with an untruth 
to please any man, nor will I do an injustice to my peers | 
boasting of what is really nothing to boast of. If you could all 
Shakspeare, Milton, Byron, and Burns, the ‘ Times,’ and ‘ Blackwood’s 
Magazine,’ and some other authors, magazines, and newspapers, you 
would all believe with me that the Saxons are much our superiors. 
Well, you will say, and have not we a literature? Yes, most certainly, 
and an excellent literature too, considering that Wales is but a little 
corner of the world. My only purpose was to wean you from the silly 
boast that we are at the head of the world in literature; there never 
was such nonsense,” 

The formation of a library of ancient Welsh manuscripts on a 
liberal and extensive scale in the possession of a public establishment 
appears an object greatly to be desired. The history of the fate of 
Welsh manuscripts during the last two centuries affords ample proof _ 
of the danger to collections of this kind’ in private hands, to say - 
nothing of the fact that in many cases all access to the manuscripts 
has been denied to the very men, such as Lhuyd, who would have 
made the best use of them, and that in all cases there is necessarily 
a delicacy of intruding on the courtesy of a private proprietor. The 
number of libraries destroyed by fire has been unusually large in the 
case of the country gentlemen of Wales. The collection of transcripts 
by Lhuyd, which, after his death, was unfortunately declined both 
by the University of Oxford and by Jesus College, into the 
hands of Sir Thomas Sebright, by purchase, and was long afterwards 
divided by sale between the libraries of Hafod and Wynnstay. The 
portion in the splendid collection of Colonel Johnes, at Hafod, perished 
with that collection in the fire of 1807. The portion belonging to 
the Wynnes was almost entirely destroyed by a fire at a bookbinder’s 
in London, and the conflagration of Wynnstay itself,in 1858, probably 
consumed the remainder, as on that occasion only the books that had 
been casually sent to a bookbinder’s in London were saved. In the 
preface to the ‘Myvyrian Archaiology’ is given a list of the libraries 

ublic and private in Wales, London, and Oxford, in which valuable 
elsh collections were preserved, amounting to twenty-five in number. 
Four of these libraries were in London, that of the British Museum, 
of the Welsh School, in Gray’s Inn Lane, of Mr. Owen Jones, the 
originator of the ‘Myvyrian Archaiology, and of Mr. Edward Jones, 
author of the ‘ Relics of British Bards.’ Three of these are now 
united, the collections of the Welsh School and Owen Jones having 
been presented to the British Museum in 1843. These books are thus 
preserved in one collection under public care, and it would be 
most conducive to the interests of literature if others were to follow. 
Some of the perpetual disputes about the accuracy of the trans- 
cripts of Iolo Morganwg which agitate Welsh literature might be 
settled at once if the ‘Book of Aberpergwm’ were in a collection 
where any one might examine it. It is stated in the ‘Myvyrian 
Archaiology,’ in 1801, that the editors had some hope that the Earl of 
Macclesfield would deposit in the Museum the collection of manuscripts 
made by the learned Moses Williams, and which Williams had 
queathed to Mr. Jones, father of the celebrated Sir William Jones, 
who bequeathed them to the then Earl of Macclesfield, with the singular 
injunction not to show them to any person whatever. These manuscripts 
however are still in the possession of the noble family of Macclesfield. 
The famous library of the Vaughans, at Hengwrt, in Merionéthshire, 
is now united with the collection of Mr. W. E. Wynne, of Peniarth, 
M.P., for Merioneth, to whom it was bequeathed by his friend the 
late Sir R. W. Vaughan. 
L 
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There is no collection of Welsh printed books approaching to com- 
, the best in existence being probably in the British 
useum, which contains an assemblage of es and new in 
that language, to which, though far from perfect, it would be difficult to 
findarival. Welsh books were first collected at the Museum, about the 
year 1838, and the presentation of the libraries of the Welsh School, 
and the Cymmrodorion in 1843 made some augmentation to the stock. 
Another Welsh collection of some extent is to be found where it 
would scarcely be looked for, in the library of Brown University, at 
Providence, in Rhode Island, to which it was bequeathedin 1818 by 
the Rey. William Richards, of Lynn, in Norfolk. The books are 
enumerated in the excellent catalogue of that library published by 
Professor Jewett. 

The bibliography of Wales was first cultivated by the Rev. Moses 
Williams, the able and indefatigable antiquary, who has been men- 
tioned as having nearly anticipated the ‘ Myvyrian Archaiology.’ Owen 
says of him, in his ‘ Cambrian Biography,’ that “he published nothing 
of consequence besides an index to the Welsh ,” but in this he 
is mistaken. In addition to the ‘ Repertorium Poeticum, sive Poema- 
tum Wallicorum, quotquot hactenus videre contigit Index Alpha- 
beticus’ (London, 1726, 8vo), which contains an index of pieces of 
Welsh poetry, according to their first lines, and the fullest catalogue 
of poets we have seen, Williams issued a ‘ Cofrestr o'r holl Lyfrau 
Printiedig gan mwyaf a gyfansoddwyd yn y Jaith Gymraeg, neu 
a gyfjeithwyd iddi, hyd y Flwyddyn 1717’ (London, 1717, 8vo)— 
‘A catalogue of all the books that have been printed, and several 
that have been composed, in the Welsh Language, or translated 
into it, up to the year 1717.’ This catalogue does not extend 
to more than a single sheet, but it is very closely printed. The 
original edition is now very scarce, but the whole of it was reprinted 
in the periodical entitled ‘ Y Gwyliedydd,’ for 1832. In the ‘ Gwlad- 
garwn,’ for 1840 a list of Welsh publications is given, from the earliest 
time to the year 1799; but, though valuable, it is probably very 
imperfect, as it omits even some of the works inserted in Williams's 
catalogue. The number of articles it enumerates is 620, but these 
include a few works relating to Wales in other languages than the Welsh. 
In the volume of the ‘Traethodydd’ for 1852, was commenced a 
valuable series of articles on Welsh bibliography, ‘ Llyfryddiaeth y 
Cymry, containing not only the titles of the books but bibliographical 
notes and observations, but it was not continued so long as biblio- 
graphers would have desired. A work of the same kind in English, 
from the pen of the Rev. Robert Jones, of Rotherhithe, a scholar 
eminently qualified for the task, was spoken of some time ago, but has 
not yet appeared. A very useful bibliographical list of works on 
Wales and its literature is to be found in the German work, ‘ Das 
alte Wales,’ (Bonn, 1859) by Ferdinand Walter, a continental scholar 
who has lately studied the subject with German diligence. A biblio- 
graphical periodical intended to be quarterly, ‘The Cambrian Book 
Register,’ was commenced in June, 1857, by Mr. Pryse, a bookseller of 
Lianidloes and Rhayader, but never advanced we believe beyond the 
first number. : 

The earliest attempt at a collection of Welsh lives is Owen Pughe’s 
‘Cambrian Biography, or Historical Notices of celebrated men among 
the Ancient Britons’ (London, 1803, 12mo), but the notices are so ex- 
tremely brief, averaging four or five to a page, that the book can hardly 
be regarded in any other light than an index. The dates are also very 
far from accurate. The ‘Cambrian Plutarch’ of John Humffreys Parry 
(London, 1824, 8yo), is much more satisfactory, but embraces only 
twenty-two lives. A biographical dictionary under the name of ‘ Lives 
of Eminent Welshmen, was commenced+in numbers in 1843 and com- 
pleted in 1852, by the Rev. Robert Williams of Llangadwaladr. The 
articles are too brief, and not so entertaining as they might have been 
made by the use of the materials existing in Welsh; but the volume 
is indispensable in every Welsh library, and one to which we have 
been much indebted in this general summary of the history of Welsh 
literature, 

WEN, the name of those tumours occurring on the human body 
which assume the form of a bag or cyst, and contain a variety of 
contents. These cysts have been named according to the character 
of their contents. When the contained matter resembles fat or suet, 
the tumor is called Steatoma; when it resembles honey in con- 
sistence, Meliceris ; and when it is like a poultice or pap, it is called 
Atheroma, These however are mere artificial distinctions, and can 
seldom be satisfactorily applied. These tumours consist essentially of 
& serous or mucous bag varying in size, and the contents are of. an 
exceedingly varying and sometimes anomalous character. Those which 
are commonly called wens, and which are usually situated immediately 
under the skin, are mostly enlargements of the sebaceous follicles 
which naturally exist in the skin. Sir Astley Cooper says that in wens 
a dark-coloured spot may be often seen on the skin in the centre of 
the tumour, and such spot, he says, is caused by the construction 
of the orifice of one of the sebaceous glands of the skin. Such also is 
the origin of many of the cysts of the mammm, which consist of 
dilated lactiferous ducts. But this is not the origin of many of the 
larger forms of encysted tumours, as those of the ovary, &c. There 
are many forms of encysted tumour occurring in the internal viscera, 
in which the lining membrane is com of serous tissue, as those of 
the liver, lungs, &c. Those tumours also called ganglions, which occur 
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within the sheaths of tendons, have a serous 


lining, but ought not to — 
prey pus te ee A Seng & anc a 
e cysts of wens, especially those of the athe: |, va 
mouch in thickness, When situated on the head, back, and trunk, the 
are very dense; but when on the face, often very thin. y 
the cysts become hardened by the deposition of cartilaginous and eye 
ossific matter. It is from this process that many of these cysts havea 
tendency to assume the hardness and even the form of horns. y 
horny formations are however the result of the ulceration of the 
and the horny matter is produced by the secretion from the walls of 
the cyst. These horns ace” grow on the forehead or ome ee 
of the sealp, They are gene small, but instances are on recor 
their being eight or nine inches long and two or three in am 
In ordinary cases the cyst has only one cavity, but it not unfre- 
quently happens that there are partitions in it, dividing its in 
into cells of different sizes. The contents of the cysts are, as why 
stated, frequently very anomalous. Some are filled ries ee id, 
brown fluid, mixed with flakes of the fibrinous parts of the blood ; 
some contain serum; some a matter of gelatinous consistence; some a 
calcareous matter; some a black fluid; and others hair, teeth, and 
other organic substances, Those containing hair are mostly found in 
Nthe neighbourhood of the eyebrows or eyelids. ee Ss 
On dissecting these tumours, some part of their surface is fc 
firmly adhering to the skin, while other parts are connected with it 
by cellular membrane. The cyst is always more or less embedd ‘_ 
cellular membrane. In some cases these cysts are congenital, a 
persons who have them are frequently troubled with a great number 
in various parts of their body. oa 
In the treatment of wens two modes may be had recourse to; the 
one by puncture, the other by removal. n the cyst is small and 
presents a small black point on its centre, it may be opened and the — 
contents pressed out, when it will sometimes get well. But it 
frequently happens when these tumours are punctured, that severe 
inflammatory action is the result, so that painful suppuration occurs, 
and life is put in danger, and sometimes a bleeding Ricon has 
truded i through the aperture. The safest mode of treatment on 
the whole is to remove them with the knife, where their situation will 
permit of it. When this is done, the cyst may either be dissected out 
entire, or it may be cut into two halves, and each half may be dissected 
out separately. In both cases great care should be taken to remoye 
the whole of the cyst. 7 
WERST, or VERST, the Russian itinerary measure, being 8500 
English feet, or nearly two-thirds of a mile. From the number of — 
wersts subtract its third, and also one for every 250 wersts, and the 
result will be near enough to the answer in English‘miles. ‘ 
WESTMINSTER ASSEMBLY OF DIVINES. One of five bills — 
to which it was proposed by the Parliamentary Commissioners that the 
King (Charles I.) should give his consent in the negotiations at 5 
(from 30th January to 17th April, 1643) was entitled‘ A Bill in coe 
an Assembly of learned and godly Divines and others to be 
with by the Parliament for the settling of the government and li 
of the Church of England, and for the vindication and clearing of : 
doctrine of the said church from false aspersions and interpretations,’ 
This bill was afterwards converted into ‘An Ordinance of the Lords 
and Commons in Parliament,’ and passed 12th June, 1643. 7 y 
The persons nominated in the ordinance to constitute the assembly 
consisted of a hundred and twenty-one clergymen, together with ten _ 
lords and twenty commoners as lay assessors. Among the com- — 
moners were John Selden, Francis Rouse, Sir Henry Vane, senior and 
junior, John Glynn (the recorder of London), John Whyte, es : 
Vhitelock, Sergeant Wild, Oliver St. John, John Pym, and John — 
Maynard. Among the most distinguished of the clerical members — 
were, Dr, Ralph ee er = bishop of Exeter; Mr. Anthony Burges — 
(considered the head of Puritans), Edmund Calamy, Dr. Francis 
Cheynel, Thomas Colerman, Thomas Gataker (the editor of ‘Marcus _ 
Antoninus’), Dr. Thomas Goodwin, Dr. John Hacket (afterwards bishop 
of Lichfield), Dr. John Lightfoot, Dr. George Morley (afterwards bishop 
of Winchester), Dr. William Nicholson (afterwards bishop of Glouces- — 
ter), Philip Nye, Dr. John Prideaux (bishop of Visrcuisch Dr. Edward — 
Reynolds (afterwards bishop of Norwich), Dr. Ro Saunderson 
(afterwards bishop of Lincoln), Dr. James Usher (archbishop of 
Armagh), George Walker, Dr. Samuel Ward, and John Wallis (the 
mathematician), Several other persons (about twenty in all) were 
appointed by the Parliament from time to time to supply vacancies | 
occasioned by death, secession, or otherwise, who were called super- — 
added divines. Finally, two lay assessors, John Lord Maitland and 
Sir Archibald Johnson of Warriston, and four ministers, Lema 
Henderson and George Gillespie of Edinburgh, Samuel Rutherford of — 
St. Andrews, and Robert Baillie of Glasgow, were, on the 15th of S 
tember, 1643, admitted to seats and votes in the assembly by a ant 
from the Parliament as commissioners from the Chi of nd. 
They had been deputed by the General Assembly, to which body, and 
to the Scottish Convention of Estates, commissioners had been sent 
from the two houses of the English Parliament, and also from the — 
Assembly of Divines, soliciting a union in the circumstances in which 
they were placed. This negotiation between the supreme civil anc 
ecclesiastical authorities of the two countries gave rise to the Solemn 
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League and Covenant, which was drawn up by Henderson, 
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(or president) of the General Assembly, and, haying been adopted by a 
unanimous vote of that body on the 17th of August, was then for- 
warded to the English Parliament and the Assembly of Divines at 
Westminster for their consideration. 

The ing of the Assembly of Divines had been forbidden by the 
dated the 22nd of June. 


of the sixty or seventy who attended pretty regularly, only from twelve 
to twenty were frequent speakers. — 
In doctrine the divines of the Westminster Assembl 


were almost o aman of one mind, They were all, or nearly all, Cal- 


vinistie or Arminian. But upon the subject of church govern- 
ment they divided into several violently hostile sections, Episco- 
pacy, even of the most mitigated kind, could scarcely be said to have 
any ive in the synod as actually constituted; the great 


y i 
majority were Presbyterians; but there was a small party who passed 
mele thd name of Erastians; and there was a more numerous and 


also a more aetive body of Independents, or, as they called themselves, 
Congregati i who, formidable from the and. ability 
of their leaders, were still more so from the which their 
principles were fast acquiring in the Parliament, im the army, and 

ut the nation. The chiefs of the Inde party in the 
Assembly were Dr. Thomas Goodwin, Philip Nye, Jeremiah Burroughs, 


William Bridge, and Sidrach Simpson, often spoken of as the Five 
Dissenting Brethren : their followers might amount to about as many 
more. heads of the Erastian party were Selden, and the two 
divines, Lightfoot and Thomas Coleman; the only other steady mem- 
bers of the sect being the laymen Whitelock and St.John. In the 
‘Parliament however Erastianism was nearly as strong as Independency : 
indeed, however much the two systems might differ in the grounds on 
which to stand, they came practically to very nearly 
the same thing, or at least were easily reconcileable ; and some persons 
were probably to be classed as adherents of both. 

This position of parties explains and makes intelligible the history 
of the pi ings of the Westminster Assembly, and the results of its 
deliberations. ordinance of the Lords and Commons by which 
the Assembly was constituted only authorised the members, until 
further order should be taken by the two houses, “to confer and treat 
among themselves of such matters and things touching and concerning 
the Liturgy, discipline, and government of the Church of England, or 
the vindicating and clearing of the doctrine of the same,” &c. as should 
be “ to ‘them by both or either of the said houses of 
Parliament, and no other,” and to deliver their opinions and advices to 
the said houses from time to time in such manner and sort as by the 
said houses should be required. They were not to enact or 
settle anything. It was expressly provided that the Assembly should 
nob assume to exercise any jurisdiction, power, or authority eccle- 
siastical whatsoever, or any other power except merely this right of 
delivering their opmion and advice upon the matters submitted to it. 
As its discussions proceeded, a discordance of principles and views upon 


various points between the ruling Pres' in the Assembly 
and the growing Independent or Erastian maj in the Parliament 
became more and more evident; while the of events also 


tended to separate the two bodies more widely every day, and at last 
to place them almost in opposition and hostility to each other. The 
Assembly of Divines continued to sit under that name till the 22nd of 
February, 1649, haying existed five years, six months, and twenty-two 
days, —s ich time it had met 1163 times. The Scottish com- 
missioners above a year and a half. before. Those of the 
members who remained in town were then changed by an ordinance of 
the Parliament into a committee for trying and examining ministers, 
and continued to hold meetings for this purpose every Thursday 
morning till Cromwell's dissolution of the Long Parliament, 25th of 
March, 1652, after which they never met again. 

All the important work of the Assembly was performed in the first 
three or four years of its existence. On the 12th of October, 1643, the 
Parliament sent them an order directing that they should “forthwith 
confer and treat among themselves of such a discipline and government 
as may be most agreeable to God’s holy word, most apt to procure 


and preserve the peace of the church at home, and nearer nt 
with the Church of Scotland and other Reformed churches a to 


be settled in this church in stead and place of the present church 


vernment bishops, bishops, &c., which is resolved to be taken 
pts: and Pacing and concerning the directory of worship or 
Li hereafter to be in the church.” This o prod the 


ly's Directory for Public Worship, which was submitted to 
liament on the 20th of April, 1644; and their Confession of Faith 
first part of which was laid before Parliament in the beginning of 
October, 1646, and the remainder on the 26th of November in the 


same year. Their Shorter Catechism was presented to the House of 
Commons.on the 5th of November, 1647; their Larger Catechism on 
the 15th of September, 1648. The other publications of the Assembly 
were only of temporary importance, such as admonitory addresses to 
the Parliament and the nation, letters to foreign churches, and some 
controversial tracts. What are called their Annotations on the Bible 
did not proceed from the Assembly at all, but from several members 
of the Assembly and other clergymen nominated by a committee of 
Parliament, to whom the business had been entrusted. 

The Directory of Public Worship was approved of and ratified by 
the General Assembly of the Church of Scotland held at Edinburgh in 
February, 1645; the Confession of Faith, by that held in Aj 
1647; the Larger and Shorter Catechisms, by that held in July, 1648; 
and these formularies still continue to constitute the authorised 
standards of that establishment. The Directory of Public Worship 
was also ratified by both houses of the English Parliament on the 
2nd of October, 1644; and so was the doctrinal of the Confession 
of Faith, with some slight verbal alterations, in , 1648, On the 
13th of October, 1647, the House of Commons passed an order that 
the Presbyterian form of church government should be tried for a 
er ; but it was never conclusively established in England by legis- 

ive authority; and even what was done by the parliament in partial 
confirmation of the proposals of the Westminster Assembly of Divines, 
haying been done without the royal assent, was all regarded as of no 
validity at the Restoration, upon which event episcopacy resumed its 
authority without any act being passed to that effect. 

It is rematkable that theré is not in existence, as far as is known, 
any complete account of the proceedings of the Westminster Assembly 
of Diyines, either printed or in manuscript. The official record is 
commonly supposed to have perished in the fire of London, Three 
volumes of notes by Dr. Thomas Goodwin are preserved in Dr. Wil- 
liams’s Library, London; and two volumes by George Gillespie in the 
Advocates’ Library, Edinburgh. Baillie’s Letters, however, contain 
nj full details of what was done during the rig of his attendance ; 

a Journal kept by Lightfoot has also been printed. Much in- 
formation is to be found scattered in various works, such as Reid’s 
‘Memoirs of the Westminster Divines;’ Orme’s ‘ Life of Owen;’ and 

A ‘ History of the Puritans.’ : 
HALIA, TREATY OF. [Trearres, CoronoLocicaL PABLE 
or. 

EY. [Wetcurs ayp Mrasurzs. 

WHALE FISHING. [Fisuerntzs. 

WHALEBONE is the horny laminated substance found in the 
mouth of the whale. It is not really whale-bone, but bears a nearer 
resemblance to horn in its structure: in commerce it is usually termed 
whale-fin. There are in the mouth of a whale two extensive rows, each 
consisting of upwards of 300 blades or plates; and each of these blades 
is a piece of halebpte. The blades are on an average about 10 feet 
long, but some attain a length of 15 feet. The substance is naturally of 
a bluish or brownish-black ; but in some animals it is striped longitudi- 
nally with white. Three principal kinds are known in commerce—the 
Greenland whalebone, from the North Atlantic and Icy Seas; the South 
Sea, or black fish ; and the North-West, from the North Pacific and 
Behring’s Straits. [Crracea, cols. 895-98, in Nat. Hist. Dry.] Some- 
times as much as 5,000,000 lbs. have been imported in one year; but the 
supply is generally from 2,000,000 to 3,000,000 Ibs. ‘All the kinds of 
whalebone are nearly alike in constitution. It consists chiefly of albu- 
men hardened by a small proportion of phosphate of lime. The surface 
of each blade is compact, and takes a high polish. The texture is lamellar 
or fibrous in the direction of its length, so that the substance easily 
splits and divides. The middle of each blade is of looser texture than 
the ends, presenting the appearance of coarse bristly hairs. When 
whalebone has been boiled, it takes a harder texture and deeper colour 
than before, 

The peculiar structure of whalebone renders it applicable to many 
useful purposes. It is cut into quadrangular sticks for the ribs or 
stretchers of umbrellas and parasols, ranging in length from 20 to 40 
inches. It is made into stay-bones, from }ths to 1} inch in width, 
and from 12 to 16 inches long. It is cut into lengths of what is 
called bristle-bone, of different thicknesses, for making brushes and 
brooms, chimney-sweeping machines, and road-sweeping machines. It 
is used in thin strips for covering whip-handles, walking-sticks, teles- 
copes, and other articles. In thinner shavings it is plaited like straw 
into light hats and bonnets; while the waste shavings are employed 
by upholsterers as a stuffing for cushions, for filling fire-grates in 
summer, and for other p Occasionally solid pieces of mixed 
tints are twisted into w: -sticks. And when all the useful frag- 


“ments have been rendered available, the refuse sells as manure. 


The nature of whalebone, something midway between horn and 
hair, points to the mode in which it is worked. It cannot he 
soldered or joined like tortoiseshell, but must be used in distinct 
pieces. When boiled in water for several hours, it becomes soft 
enough to be cut up into pieces of various sizes and shapes, With- 
out being heated and softened, it is easily cut into strips and fibres 
by means of a compound ed knife. The different qualities in 
different parts of each blade are closely examined by the workmen, 
in order to apply each to the best use. bone takes a 
very good jet-black dye, but is not well fitted for dyeing in bright 
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colours. It is generally polished by being scraped with a steel edge 
or a piece of glass, rubbed with emery-paper, and finally rubbed 
with a woollen cloth dipped in tripoli powder; or bya polishing-wheel, 
as in the case of horn or tortoiseshell. 

Common horn, if steeped for several days in a solution of gelatine, 
and then in a liquid containing several ingredients, acquires proj 
which enable it to be used for some purposes as a cheap substitute for 
whalebone. 

WHARF, a place constructed or set for the loading and 
unloading of In this sense the word includes the quays of all 
sea-ports at which goods are required to be shipped or landed. The 
sea-beach, or natural ground on the banks of a river or canal, is not a 
wharf. Wharfs in docks and similar situations are made legal by 
special acts of parliament, as the London Docks, &c.; and there are 
some places which are deemed wharfs from immemorial usage, as at 
Chepstow. For the use of a wharf certain rates of compensation are 
usually charged, which are called wharfage ; and the act 22 Car. IL, 
e 11, a one to load or unload goods on paying wharfage at the 
rates appointed. The wharis of the port of London weré established 
in 1558, in the first year of the reign of Queen Elizabeth. Several 


_sufferance wharfs have been since added to these, under the authority 


of the Commissioners of Customs, and other sufferance wharfs are occa- 
sionally authorised for the ing and keeping of goods by the 
Custom-House till the duties are paid or the goods bonded. 

No goods except diamonds and bullion, fresh fish of British taking, 
and turbots and lobsters fresh, however taken or imported, are allowed 
to be unshipped from any ship arriving from foreign parts beyond seas, 
or landed or put on shore, except at legal quays appointed by her 
Majesty for landing of goods, or at some wharf appointed by the Com- 
missioners of Customs. Goods entitled to drawback or forte are 
only to be shipped in Great Britain by wharfingers appointed by the 
Commissioners of Customs. 

WHEAT. The botanical characters of wheat will be found under 
the word Trrricum, in Nat. Hist. Div. Some botanists have divided 
wheats into different species, from some marked peculiarity in their 
formation. Others, considering that they mostly form hybrids when 
mixed in the reat: and that their peculiarities vary with the soil and 
climate, have looked upon all the cultivated wheats as mere varieties. 
There are, however, three principal varieties, so different in appearance 
that they claim uliar attention. These are the hard wheats, the 
soft wheats, and the Polish wheats. The hard wheats are the produce 
of warm climates, such as Italy, Sicily, and Barbary. The soft wheats 
grow in the northern parts o: saat on as in Belgium, England, Den- 
mark, and Sweden. The Polish wheats grow in the country from 
which they derive their name, and are also hard wheats. It is from 
their external form that they are distinguished from other wheats. 
The hard wheats have a compact seed nearly transparent, which, when 
bitten through, breaks short, and shows a very white flour within. 
The soft wheats are those usually cultivated in Britain : they have an 
opaque coat or skin, which, when first reaped, gives way readily to the 
pressure of the finger and thumb. These wheats require to be well 
dried and hardened before they can be conveniently ground into flour. 
The Polish wheat has a long chaff which is much longer than the seed, 
a large oblong hard seed, and an ear cylindrical in appearance, It is a 
delicate spring wheat, and not very productive in the climate of 
England: hence it has only been occasionally cultivated by way of 
experiment. 

The following cuts represent some peculiar varieties of wheat. The 
first is a compound ear, common in E The second is the spelter 
wheat, of w! the chaff is so strongly attached to the grain as to be 
separated only by passing through a mill. It is an inferior variety, 
but grows df oP — soils, me ers so Mes Polish ated with 
v ong i e fo’ a variety which onl 
spun one seed in each wk elet, and is not much cultivated. The fifth 
is common soft wheat. If the awns of this kind are oblite- 
rated, it forms our common soft wheat.’ The circumstance of awns 
seems not to affect the nature of the wheat, and they differ so much in 

that the varieties of smooth-eared and bearded wheats run 


original difference in colour between red and white wheats is owing 
the soil: white wheats gradually become darker and ulti- 
in some stiff wet soils, and the red wheats lose their colour 
and e first yellow and then white on rich, light, and mellow 
soils. It is remarkable that the grain sooner c colour than the 


it must be drained artificially, to ae ae of wheat. In such 
a soil wheat may be sown evi with proper intermediate 


crops. Formerly the on for a wheat crop was generally by a 
clean naked fallow, with a certain addition of manure, the sadnabins of 


which were thought sufficient for a crop of barley or oats, after which 
the fallow recurred, It was soon found out that by this means a crop 
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1, Egyptian Wheat (Triticum Egyptiacum); 2, Spelter Wheat (Triticum 
Spelta) ; 3, Long-chaffed Polish Wheat (Triticum Polonicum); 4, Single- 
grained Wheat (Triticom m um); 5, © Bearded Wheat 


of wheat could never be forced beyond a certain avi ; for if more 
failed by belay laid of manure was carried on the 
appeared to have been set to its increase. New modes of cultivation 
this was not without its remedy, and that it was 

uring which caused the wheat to lodge: but that an in- 
by judicious ak aero Dogs the land 

to bear cro; wheat far superior to it ever could before, — 

chee 
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with the earthy ingredients ; where it can have a firm hold by its roots, 
and can at the same time strike the fibres of them downwards, as well 
as around, in search of food. When it meets with such a soil and is 
deposited at a depth, it vegetates slowly, pushing to the surface 
one cylindri pe ater while numerous fibres strike into the soil 
from the seed. These supply the plant with regular nourishment, and 
in due time a knot is formed at the surface of the soil, from which 
several roots and stems branch out. This is called the tillering of the 
wheat. The new roots near the surface soon become the chief source 
of nourishment, and in a rich compact soil, where there is room, nume- 
rous stems arise, forming a tuft, and each of these in time bears a large 
ear well filled with seeds; so that from a very moderate quantity of 
seed a great return is uced. The strong stems supporting each 
other are well able to resist the effect of storms and rains, which would 
_ lay weaker plants level with the ground. The effect of surface manur- 
ing immediately before the seed is sown is to produce too rapid a 
the straw, and increasing its quantity often at the 
expense of the ear, which does not attain its proper development. 
This is called running to straw. Ammoniacal and ni us manures 
have this effect ; which is corroborated by late experiments with sul- 
phate of ammonia, saltpetre, and nitrate of soda. 

Lime has been often considered as the most efficacious manure for 
wheat, even more than dung. As long as there is organic matter in 
the soil, lime acts beneficially, and the richer the land, which does not 
contain carbonate of lime already, the more powerful the effect of 
liming. But has proved that lime has little effect on poor 


soils, until they are first manured with animal and vegetable substances. 


To uce good wheat then, the land should be gradually brought 
to proper of fertility, by abundant manuring for p: 
crops, which not suffer from an over-dose of dung, and will leave 


in the soil a sufficient quantity of humus, intimately blended with it, 
for a crop of wheat. Clover is a plant which will bear a considerable 
forcing, and so are beans, and both are an excellent preparation for 
wheat. The roots left in the ground from a good crop of either, decay 
slowly, and thus furnish a regular supply of food for the wheat sown 
in the next season. Potatoes ang pee of much forcing, but the 
necessary loosening of the soil for this crop renders it less fit as a pre- 
for wheat. Experience has fully proved that, as a general 
rule, it is better to sow barley and_ clover after potatoes, and let them 
be succeeded by wheat. 
wheat thrives best on heavy soils, and without due pre- 
paration produces only scanty and uncertain crops in those which are 
naturally light and loose, it may be made to es a very good return in 
soils which would once have been thought fitted only for the growth 
of rye and oats. But then the texture and composition of these soils 
must have been greatly improved by judicious tillage and manuring. 
While the heavy soils are repeatedly ploughed and pulverised to render 
them mellow, the lighter are rendered more compact by marling, 
where this can be readily done, by adding composts in which the prin- 
cipal earth is clay, and especially by such plants as have substantial and 
long roots, by which the soil is kept together, such as clover, lucern, 
sainfoin, and other grasses. If these plants have been well manured, 
and cover the ground well, keeping in the moisture, the soil will have 
become sufficiently compact to bear wheat. One ploughing is then quite 
sufficient, and if a heavy land-presser is made to follow two ploughs 
and press in the furrows, so as to leave deep smooth drills eight or 
pesos Hs in which seed ean find a solid bed, there will be 
every pro’ ity of a good crop of wheat, which will come up in 
regular rows, the roots being at such a depth as to run no risk of 
wanting moisture till the stem has arisen to its full height, and the 
ear is formed : a few showers at that critical time will make the grain 
crop. 


these are the poorest loose sands, which naturally would bear only oats 
cs ha , it is 
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require to be stirred by harrowing or hoeing before the wheat plant 
can properly tiller. If a farmer is anxious to have good crops of wheat, 
he must not rest satisfied after he has ploughed, manured, and sown : 
he must watch the growth of this important crop daily, and use the 
means which experience and observation have suggested to assist the 
growth and to remove the causes of failure. : ; 

In either case it is of importance to sow the proper quantity of seed 
per acre in rows far enough apart. One bushel per acre is enough on 
well-cultivated soils—two bushels are not too much where there is 
liability to loss by water, wireworm, and weather. If sown’by drill 
from 10 to 12 inches is a proper interval between the rows. 

In heavy soils nothing is more detrimental than excess of moisture, 
Even in well-drained fields the water will stand too long in the 
furrows if there is not a proper outlet for it. The furrows should be 
well cleared out with the spade as soon as the seed is sown, drilled, or 
dibbled, the earth being thrown evenly over the surface of the stitches, 
and not left in an unsightly ridge, which crumbles down with the 
furrow at the first frost. In proper places and at regular distances 
deeper water furrows should be dug out after the plough has ploughed 
a deep furrow in the intended line; and this should then be finished 
as is said above: so that if a heavy fall of rain should come suddenly, 
the water would have a regular course and outlet into the ditches 
which lie in the lowest part of the land, without soaking into the soil, 
which is already too retentive of moisture. It is chiefly in spring and 
when snow melts that there should be a daily inspection of the wheat- 
field. An experienced eye going along the bottom of the ridges of a large 
field will discover at once whether there is any stoppage of the water ; 
and by means of a spade or shovel it will be remedied with little 
trouble. When the surface binds, as it does in some svils, and prevents 
the access of air to the roots, the land is harrowed or hoed, and in a 
few days the effect will be apparent. 

It is a very common notion that good wheat and bean land is not 
well adapted to the growth of roots, especially of such as are usually 
fed off the land by sheep, because the treading of animals is injurious 
in winter and spring, when these crops are usually wanted; and if 
they are carted off, the wheels and the horses make such impressions 
as are equally detrimental or more so. But all roots, even the white 
turnip, will grow luxuriantly on heavy soils well prepared and manured; 
and they may be so managed as to be taken off before the winter, The 
land being ploughed immediately on the removal of the roots, will be 
well prepared for wheat, or, when mellowed by the winter’s frost, may 
be sown in spring with beans, barley, or oats. The manure will be 
incorporated with the soil, even if it has been put on in a very fresh 
state for the roots, which can only be recommended on very compact 
soils. If the root crops are well cleaned, fallows may be avoided, or 
at least recur very seldom, and then only when root weeds have aceu- 
mulated from neglect. : 

When the wheat has blossomed, and the grain in the ear is fully 
formed, it should be watched, and as soon as the seed feels of the eon- 
sistence of tough dough, and the straw is dry and yellow below the 
ear, it should be reaped. The skin of the grain will be thinner, and 
its substance will harden readily by mere drying, while the straw is 
better fodder for the cattle. It is found by experience that the 
increase of flour by adopting this method is very considerable. The 
operation of reaping is now best done by the reaping machine. 

The choosing of wheat for seed is a matter of great importance, 
Some farmers like to change their seed often; others sow the pro- 
duce of their own land continually, and both seem persuaded that 
their method is the best. The fact is, that it is not always the 
finest wheat which makes the best seed; but it depends on the 
nature of the land on which it grew. Some soils are renowned far and 
wide for producing good seed, and it is well known that this seed 
degenerates in other soils, so that the original soil is resorted to for 
fresh seed. 


While the wheat is growing it is exposed to various accidents, which 
it is often difficult to foresee, and more difficult to guard against. The 
smut and burnt-ear are diseases which may be generally prevented by 
a proper preparation of the seed before it is sown. Many corrosive 
substances have been recommended to steep the seed in, such as blue 
vitriol, one pound to a quarter of a grain, dissolved in water enough to 
wet every seed. It seems, however, that washing the seed well with 

lain water, or with salt and water, and afterwards drying it with quick- 

ime, sufficiently destroys the germ of the smut to prevent its propa- 
gation, ‘The most common steep is water in which so much salt has been 
dissolved as will enable it to float an egg. In this the seed may be left 
for twelve hours or more, and then on a floor and mixed with 
as much quicklime as will absorb the moisture, and allow it to be 
sown or drilled, without the grains adhering to one another. 

In the second volume of the ‘Journal of the Royal Society of Agri- 
culture of England,’ Part I., is a valuable paper, by the Rev. T. 8, 
Henslow, on the diseases of wheat. He describes the different fungi 
which produce the various diseases of pepper-brand, dust-brand, rust, 
and ew. The ergot in wheat is an excrescence from the ear, like a 
small horn, into which the seed is transformed. It has a poisonous 
quality and a medicinal one. The cause of this monstrosity in the 
seed is not fully known, It is supposed to be caused by the puncture 
of some insect, introducing a virus which has entirely altered the 
functions of the germ, and made it produce this ergot, instead of a 
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healthy seed. Another disease of the seed is called ear-cockles, and 
is caused by extremely minute insects like eels, which fill the skin of 
the seeds, instead of flour. This insect, which is called Vibrio tritici, 
is described by Mr. Bauer in the ‘ Philosophical Transactions’ for 1823, 
This disease is not so common as the smut and the pepper-brand, It 
Spree according to Mr. Henslow, that the animalcula may be 
illed by exposing the grain to a certain heat, 80 as not to its 
power of vegetation, but sufficient to kill the vibrio. 
midge (Cecidomyia tritici) is another external enemy, which does more 


harm to the crop than known. It d its its at the 
root of the germ in the ear, and prevents the fi of the , the 
maggot living on the nutritive juices which should produce the farina. 


eggs in the straw near the root, and thus destro 
We must refer the reader for further particulars ey 
mentioned. 

Great attention has been lately paid to the introduction of the best 
and most prolific varieties of wheat, and by merely o ing what ears 

inuch superior to others in a field of ripe wheat, and collecting 
to be sown separately in a garden or portion of a field, the 
variety, which may have been produced by some fortuitous impregna- 
tion, or some peculiarity in the spot where it grew, is perpetuated. By 
carefully selec the seed which is best adapted to the soil, by a more 
careful and en-like cultivation, and by adding those manures 
which are fuund most adapted to favour its perfect vegetation, cro’ 
of saw ¢ have been raised, which, at one time, oe have been Rog it 
marvellous ; and the average produce of this important grain n 
increased on all soils. 

WHEEL. A mechanical contrivance, by means of which the inter- 
mittent and limited action of the lever is extended to any distance, 
and made to act continuously and uniformly. The direction and the 
velocity of movement of a machine are commonly regulated by the 
disposition and character of the wheelwork which enters into its 
composition ; but the principle upon which all wheels really act, con- 
sists in the application, in a continuous manner, and in a circular 
direction, of the power obtained by leverage. 

Wheels are either of the kind known as carriage wheels, or friction 
wheels, or teethed wheels’; including under the second division band 
wheels, and under the third the various kinds of cog, trundle, spur, 
érown, and bevilled wheels. In a system of wheelwork the wheels 
may be either multiplying or diminishing, according to their relative 
sizes; they may either perform complete revolutions, or, as in the 
case of balance wheels, only revolve over ares; they ma: 
revolve either horizontally or vertically; they may be used to produce 
motion or to communicate it; or, finally, they may be used for the 
purpose of regulating the velocity of the machinery to which they are 
annexed, as in the case of jly wheels. - Water-wheels constitute a se} 
rate class of machinery, known under the same generic name of Pe yf 
in which the power is produced by the direct action upon the wheel 
itself. ATER-WHEELS.] In ordinary wheels the power is applied 
originally to the shaft bearing them, by the intervention of cranks, 
handles, winches, or levers. 

In carriage wheels the object sought to be attained is to convert a 

iding friction into a rolling one, in order to facilitate the horizontal 
movement of heavy loads. The efficiency of a carriage wheel, there- 
fore, consists in the length of the lever it offers (or, in other words, 
upon its diameter) ; upon the direction in which the power is applied 
to it; and upon small extent of surface producing friction ; always 

vided that the surface should be sufficient to prevent the load from 
Forcing the wheels into the materials over which they run, It is for 
the avowed object of insuring the application of the power exercised 
by a horse, in drawing a cart or carriage, above the horizontal line 
passing through the centre of the fore wheels, that they are made 
smaller than the hind wheels; but, as an abstract proposition, it may 
be stated that the larger a wheel is, the greater is the useful effect it 
produces, provided the line of draught pass horizontally through its 
centre. Another abstract proposition with respect to carriage wheels 
is, that the narrower their surfaces, the leas friction they must de- 
velope ; but evidently the character of the roadway over which the 
load travels must re-act upon this condition, for upon a soft surface a 
narrow wheel, heavily laden, would compress the road materials, and 


thus create a continually series of obstacles to its own pro- 
gress. Upon soft roadways, under heavy loads, carriage wheels must 
therefore be made wide upon the face of the felloes ; for quick traffic, 


on hard roads, when the carriages do not convey heavy loads, narrow 
wheels are generally resorted to, 

In the earliest wheeled carriages, the wheels were made of solid 
and the axles were fastened to them, so that wheel and axle 
together; the load in such cases being borne upon collars 

worked upon the axles. Rude carts of this description have been 
used in England within a very short period, and they may still be seen 
upon the roads of such countries as Spain or southern 
Italy. When the roads are habitually of a superior character, how- 
éver, carriage wheels are made as lightly as the work they are 
required to perform will admit of ; and they consist of a nave, 
er centre boss, into which the spokes or radiating arms are ed at 
one end, whilst the spokes at their other ends bear the 3 the 


however, 
'Y | resistance should be encountered, the wheels would heespes 
light 


springs; in four-wheeled 
made to revolve on a pivot 
course the dimensions of all the details of 


wheels whose surfaces are in contact, and which act upon 
by the mere unevenness of those surfaces; if, 


oyer one another, and they are therefore only used in 


i 


machinery. Indeed all descriptions of band-wheels are 
same objection, because they only communicate motion 
of the bands upon the respective surfaces, and when 
exceeds that friction, the bands must slide over the 
present so many facilities for the introduction of speed 
to say, of pulleys by means of which the rate of 
modified at will) that are constantly resorted to 
especially when it is desirable to avoid making a noise. 
are commonly arranged so as to on the same 
immediate proximity to one another, what are called fi 
pulleys ; the fast pulleys} fixed u the axle, so 
must turn together, whilst the loose Se When, . 
and does not communicate any motion to the latter. 

it is desired to put band-wheels with fast and loose piles eee 
that is required to be done’ is to pass the band upon the lo 
pulley, and the communication of the movement immediately ceases. 
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may be made to communicate motion in every | 
to the driving pulley. Long bands are, 
, objectionable, as they have a tendency to stretch; and it 

must also be observed that the circumferences of band-wheels should be 
made sli rounded, because there is a tendency in bands running 
to work towards the portions of those pulleys which are of 
The friction 


in which similar cylinders are placed upo 

disc ; vd anger beer pes in which the teeth are cut out of the 
rim of the wheel; annular-wheels are those in which the teeth are cut 
upon the inner surface of the rim; bevilled-wheels are those in which 


the faces of the teeth are portions of cones whose apices meet, and are 
inclined so as to allow the motion of the first, or driving-wheel to be 
changed in its direction ; spur-wheels are those which transmit motion 
in directions parallel to that of the revolution of the driving-wheel. 
The first wheel in all these instances bears the name of the first motion 
or driving-wheel ; the secondary wheel is called the follower, or the 
inion in the case of cog-wheels, but sometimes it is called the wallower, 
fn the case of trundle-wheels. The wheels themselves are composed of 
the central boss, the arms, and the rim, bearing the teeth ; sometimes, 
however, in small pinions the arms are replaced by a-solid plate, and 
- then they are known by the name of plate-wheels; the inner rim of a 
first motion annular-wheel is known by the name of the annulus. 
When it is essential that no sliding should take place on the surfaces of 
wheels the faces are broken into what are called compound or combined 
wheels, which consist of a series of parallel concentric ranges of teeth, 
so placed that the contact of any pair of teeth should only be 
momentary. Dr. Hooke introduced this kind of wheel, and indéed it 
is at times known by his name; but it is too complicated, and too 
liable to fracture, for ordinary work. 

In setting out a wheel, the basis of the operation is the pitch circle, 
or the w circumference ; the term pitch itself means the distance 
apart of the centres of the teeth upon that circle. The only condition 
which the pitch is, that the material should be strong enough 
to bear the effort to which it is to be exposed ; and in practice it is found 
that cast-iron wheels work satisfactorily with pitches varying between 1 
and 3 inches in large wheels, and between a quarter of an inch and three 
quarters of an inch in very small ones, The number of teeth depends 
upon the circumference, and upon the pitch; or calling the number of 


teeth n, the circumference ¢, and the pitch p; then a= —, all the 
dimensions being in inches ; or the diameter d will be found by making 
d= sai The velocities at which the various wheels of a piece of 


machinery are required to revolve determines their respective diameters, 
and they are calculated upon the principles to be described in the 
sequel ; but it is to be observed that the true radii are always rather 
larger than the primitive radii, which latter serve to define the pitch 
circle; the true radii, on the con , define the extremities of the 
teeth. Another law is that the number of teeth in the spur- 
(or driving-) wheel is to the number of teeth in the pinion (or follower) 
in the ratio of their radii; or calling the diameter of the 
spur-wheel 4B; the diameter of the pinion cD; and the number of 
teeth on the former n; then the number of teeth on the pinion will be 
found thus ;—aB:OD::Nin. The outlines of the teeth are ascer- 


tained by dividing the pitch circle into equal parts corresponding with 
the proposed number of teeth; the pitch is then subdivided into four 
parts, to obtain the centres of the intervals, and also the flanks of the 
teeth within the line of the pitch circle, Beyond that line the flanks 
of the spur teeth are formed by portions of/an epicycloid generated by 
the revolution of a circle, whose diameter is equal to the radius of the 
pinion pitch circle around the pitch circle of the spur; and the flanks 
of the extremity of the teeth of the pinion are formed by portions of 
a hypocycloid generated by the reyolution of the circle before named 
on the interior of the pitch circle of the pinion itself, The projection 
of the teeth beyond their respective pitch circles is regulated by the 
condition that the epicycloidal and hypocycloidal curves shall be sufli- 
ciently long to cause the latter to bear upon the side of the teeth, 
through an extent of circumferential movement equal to the length of 
the pitch. Practically this length may be found by describing a circle 
of a diameter equal to the radius of the pinion upon the line of centres, 
and at the point where it intersects the radial line forming the flank of 
the second tooth, describing the true radius of the spur. The depth 
of the intervals is made so as to leave a small space between the 
extremity of the teeth and the rim, and it is customary to leave a little 
play between the teeth, equal to about jth or Ath of the pitch; the 
interior angles of the teeth are rounded off in order to increase their 
strength. In setting out a pinion intended to drive a lantern-wheel, 
the teeth must still be made portions of epicycloids ; but in the case 
of racks driven by teethed pinions the curves must be involutes of the 
pitch circle, and in annular wheels the teeth of the annulus must be 
portiong of a hypocyeloid. The portion of the tooth beyond the pitch 
circle, to which the aboye peculiar forms are given, is occasional 
known by the name of the addendum, and it is usually about ths of 
the pitch employed. In common construction the proportions of the 
yarious parts of a pair of teethed wheels gearing into one another are 
as follows :— 


Depth of addendum ; ° P, . + Ty Of pitch, 
Working depth, from addendum to flank . . 5% » 
Stal Meals es bd aids eh sy gchile bps 
Thickness of tooth on pitch line... «etr » 
Breadth of space on ditto fe erin oer 


In small wheels with few teeth the depth of the addendum must be 
increased above the proportion above-mentioned. 

Bevilled gearing consists of frustra of cones, which are supposed to 
roll upon one another, and whose apices are supposed to meet in one 
point ; and in this case the form of the addenda ought to be a portion 
of a spherical epieycloid, according to strict theory, but in practice a 
much more nels form, devised by Telford, and described in Buchanan's 
‘ Treatise on Mill-work,’ p, 58 (1841), is used. Indeed, it is very rarely 
that the faces of wheels are made with cycloidal forms of any descrip- 
tion ; and practical men adopt, instead of them, simpler circular forms. 
Professor Willis, in his ‘ Principles of Mechanisin, has described an 
instrument of his own invention, for drawing the teeth of wheels by 
ares of circles; and has accompanied the description by tables illus- 
trating its use. The reader is referred to the various books above 
mentioned, and to Warr’s ‘ Construction of Machinery,’ Camus‘ Onthe | 
Teeth of Wheels,’ Hachette's ‘Traité des Machines,’ Armengaud’s 
‘ Dessin Industriel,’ and W. Johnston's ‘ Practical Mechanic,’ for more 
specific details with respect to the principles upon which teethed wheels 
ot the various kinds enumerated are designed. Professor Willis's 
: sles gn es of Mechanism’ may, perhaps, be cited as containing the 
most valuable information on the subject, 

It is necessary here to add that in some cases it is desirable to pro- 
duce in machinery an intermittence in its action, or a certain alterna- 
tion of motion and of rest, in the wheels gearing into one another. 
This is effected by leaving a portion of the circumference of the 
driving-wheel without teeth for a length corresponding with the 
Guitied period of repose; precautions, however, must taken to 
insure that the teeth should fall into their proper places when contact 
is restored, for which purpose pins and guides on the face of the 
wheel are commonly introduced. Ratchet-wheels, or those which only 
revolve in one direction, and have a species of alternate reciprocating 
action on the driver (in this sense, that they are raised gradually for a 
certain portion of the revolution, and are then suddenly released), are 
introduced for the purposes either of preventing the wheel-work from 
revolving in more than in the direction originally selected, or for ob- 
taining alternate vertical or horizontal motion, in the shafts of a piece 
of machinery, The pin which prevents the alteration of the rotation 
of a ratchet-wheel, is usually placed on a pivot, and is able to be thrown 
out of gear at will: it is commonly known by the name of a paull. 
Mill work of all kinds may either be kept permanently in gear, or it 
may be constructed so as to allow any of its parts to work, or to rest, 
independently of the general combination, by means of couplings, 
clutch-boxes, friction, or reversing-gear. In the construction of ma- 
chinery, wheels play very important parts by the action of drivers 
upon the various combinations for producing change of motion, such 
as racks, endless screws, cams, eccentrics, teethed arcs, &c.; but the 
consideration of these functions of wheels, as also of those by which 
they are made to regulate the motion of the machinery to which they 
are attached, by reason of their power of retaining momentum, belongs 
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especially to the province of applied mechanics. Before closing this 
article, bate? re is easehtial to allude to some of the 
mechanical conditions involved in the application of wheels. 

The simplest manner in which those contrivances for the trans- 
mission of power are used, is the one known by the term of the wheel 
and axle. [Wares axp- Aste) In the windlass the power is applied 
to the axle by means of a cranked lever revolving in a circular path, 
instead of by a wheel; but the principle of the action of this form of 
lever is precisely the same as that of the wheel, with only the difference 
that the moments of inertia of. the moving machinery are slightly 
changed. [Winpiass.] In tread-wheels the power is obtaii by 
causing the men or animals who act upon the machinery to exercise 
their effect, by the application of their weight, upon the periphery of 
the wheel. When equable motion is required to be produced by a 
wheel animated by a variable power, it is obtained by the interposition 
of a cone, or of some such contrivance for increasing the leverage of 
the power in proportion as the power itself diminishes ; as, for instance, 
in the spiral springs and fusees of watch-work. 

The power of a combination of two cog-wheels is ascertained by 
multiplying the distance at which the power is applied from the centre 
of the first wheel, by the radius of the second wheel; and dividing 
that sum by the sum of the distance at which the resistance acts from 
the centre of the second wheel, multiplied by the radius of the first : the 

uotient will represent the ratio of the power to the resistance it is 
able to overcome. In a combination of any number of teethed wheels 
the power of the system may be ascertained by taking the radii of the 
wheels as the even terms of a series, and the distances at which the 
power and resistance act from the centres of their respective wheels as 
the odd terms (or the intermediate ones) of the series; then the pro- 
duct of the odd terms, divided by the product of the even terms, will 
represent the ratio of the power to the resistance. The even terms 
will in this case represent the flyers or drivers, and the odd ones the 
followers, and the product of the former will give the velocity of the 
power, whilst that of the latter will give the velocity of the weight 
or resistance, 

Very good practical rules, and examples for their ie ipa agen of the 
relations of the various of a m of wheel-work are to be 
found in the Memorandum-book of Mr. Telford, inserted in his 
‘Biography,’ and reprinted in the * Engineer's Pocket Book ;’ but 
none of these easy practical solutions of the mechanical problems 
involved in this branch of applied mechanics, can dispense the engineer 
from the study of their principles, These are discussed at considerable 
length in such works as those previously mentioned, and in Moseley’s 
* Mechanics applied to the Arts;’ his work on ‘ Engineering and 
Architecture ;* in Warr's ‘Dynamics;’ Weisbach’s ‘Mechanics of 
Machinery ;’ Borgnis, ‘ Traité complet de Mécanique appliquée aux 
Arts;’ Dupin’s ‘Géometrie et Mécanique des Arts ;’ Lanz et Bétan- 
court, ‘ Essai sur la Composition des Machines,’ &. ; and to them the 
student is earnestly referred. 

WHEEL-AND-AXLE, is a machine consisti: bgpon | of a cylinder 
to which a wheel is firmly united, so that the matical axes 
of both are coincident. e wheel and cylinder are of wood or 
aes ane the diameter of the former is greater than that of the 

ter. 


A cylinder on the circumference of which are fixed exteriorly boards 
whose if produced, would pass through the axis, and which 
(being turned by the force of running water, or by the weight of men 
in the act of stepping from one board to the next above it) is employed 
to raise a heavy body by means of a rope passing over a r 

linder on the same axis, as in the treadmill, is a simple machine of 
this kind ;: the same may be said of a hollow cylinder which, with its 
axle, is made to revolve by men or animals walking in the direction of 
its circumference, in its interior surface. The yo ne the windlass, 
and the helm-wheel of a ship are only so many different forms of the 
same class of machines. Frequently also the axle is made to carry a 
wheel with teeth on its circumference, in order that, by revolving, 
motion may be communicated to machinery: such are the wind and 
water mills which are employed for grinding corn. 

When it is required to exhibit the mechanical properties of the 


Fig. 1. 


wheel-and-axle, a weight 


Hing the moving power is applied at 
ove extremity of a string whi 


at other extremity is attached to 


and round the circumference of the wheel; and a weight, repre-— 
senting the resistance to be overcome, is applied in like manner at one 
end of a string which passes round the axle or cylinder. Let uN 


(in fig. 1) be a section passing through the wheel cylinder 
dicularly to their common axis, and let ca, or ca‘,and cB 
semi-diameters of the circles in that section: let pr represent 
mo’ power and wa weight to be raised, or held in equilibrio 


Lee 


Hl 


plane and coincident with tangents to the circles at a, or a’, and at 
ere it is evident that the mechanical 
for (the thickness of 


e 


wer 
the sane as thaliiot & veer oF Sivas Whats 
ropes and the weight and inertia of the materials being f 
the forces p and w acting perpendicularly to the arms ca and cB, the — 
effect is the same as if those forces were applied immediately at 
extremities of the t line aB, or of bent line a’cB, and o 
being the fulcrum or point of support, we have, by the nature of the 
lever, in the case of equilibrium, P ' 


F 


Be 
ac’ 

The wheel-and-axle has manifestly however a great ddvyan' 
the simple lever, since the weight w may be raised to any 
which is consistent with the lengths of the ropes, by winding the rope 
round the axle. oS 

If the power Pp or P’ do not act in the direction of a tangent to — 
the circle, but in some other, as apr”; then letting fall cp perpen- — 
dicularly on pa, produced if necessary, we have, by the lever, e 


Pp’: W::BO:oD 


If the ropes to which the weights are attached have sensible thick- 
nesses, and it is thought proper to take those thicknesses into 
consideration, the ropes may be conceived to be reduced to their 
mathematical axes, and these to pass over the circumferences of the 
wheel and cylinder at distances equal to the semidiameters: thus, if 
rand R be the semidiameters of the ropes passing over those circum- 
ferences, respectively, we obtain, in the case first supposed, : 


PIW::BC+R: ACTH 


P:W::BO:ac (=a'c), or P=w. 


of a 
and 


the following manner ;—Let the weight of the wheel be Py dee 
by 4 and that of the cylinder by B; let wt and N (in jig. 2) be the — 


Fig. 2. 


Ow ~ 


oP 


points on which the two pivots rest ; then 4p is evidently the pressure _ 
supported on each of the points m and N, arising from the weight of 
the cylinder alone. Let the weight a be supposed to act at 0, the — 
centre of the wheel, and let om=m, cN=n; then, by mechanics, — ] 


m+n ims: At pressure at x, = = a: 
in like manner, —"— a expresses the pressure at M; each of these 


pressures arising from the weight of the wheel alone. 


In order to find the pressures from the weights p and w, the — 
sum of those weights must be Agden: pve at a point G in| 
the axis of the machine, where that axis woul cut by a vertical 


plane passing through the common centre of gravity of the two- 
weights: let c xaw of gga which the pas wn by psy : 
planes passing throu e ve centres of gravity of P Ww; 
then, in order to find G, we have, by mechanics, 


¢ ( P.cc’ 
P+W:COC'::P:0cG = ei 
P.co’ P.co’+m(P+w) 
hence Pew TO —— Siwy 8 mue eth: 
P.co’ n(P+W)—P.co’ ', 
and 1 Fw 8 rw » =GN; 
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theref. i mechani purposes. The engines used for this purpose vary in their construe- 
ore, again by te tion according to the wants or caprice of the artists who use them. 
P.co’+m(P+W) oe ‘ We shall content ourselves with giving a description of the engine 
ERS -P+Ww cies Ws ren commonly employed, with a few remarks on the kind of tools used 
P.co’+m(P+w) for cutting the spaces between the teeth, which operation is usually 
N (= reese ™), termed cutting the teeth of a wheel, although in reality the teeth are 


p n(P+w)—P.cc’ 
and, in like manner, en 


Consequently the whole pressure on M is 
MA+n(P+W)—P.cc’ 
y m+n 4 
ma+m(P+Ww)+P.ce’ 
m+n 3 


If the wheel and cylinder are in a state of motion about their mathe- 
matical axis, the pressure on the supports will evidently be diminished 
by the force with which the common centre of gravity of the weights 
p and w tends to descend; the value of this force is investigated in 
treatises on dynamics. 

Tf two wheels and cylinders are connected together by a string 
badf (in fig. 1), or by teeth in the circumferences, as in most forms 
of rack-work, the ratio between the power P and the resistance w, in 
the case of equilibrium, may be determined by the same rvle as would 
be employed if those weights were at the opposite extremities of a 
double lever of the first or second kind. For the power Pp may be 
conceived to be applied at a perpendicularly to the semidiameter ca, 
and it will be in equilibrio with a resistance at a, perpendicular to 

cA 
ca, which may be expressed by P. —7 : let this be represented by p. 
Now this force at a may, in consequence of the string passing round 
Sig aatd Oh tne tig chectanfocenea ot podetea db iphady regio nla 
a ing power applied at 4 perpendicularly to Eb ; is will be in 
edicts telih « Pediehapsa  o4'>, aching pecpendioulasiy to 35, which 
E 


expresses the pressure on M, 


and on y, is 4£B-+ 


may be expressed by p a therefore, substituting in it the above 
b 
value of p, we have w=P.—, =. And in like manner may the 


relation between the power and resistance be found, in the case of 
ibrium, whatever be the number of wheels and axles. 

It is to be understood, in the above description, that the axles of 
the two wheels my and ks are supposed to be parallel to one another 
and to the horizon; and that the parts of the string bad/f are ina 
vertical plane perpendicular to those axes, in order to avoid the 
reductions which would be necessary on account of a loss of power 
resulting from an oblique action of the forces at a and b, The forces 
acting in AP and BW, or Fw, are also supposed to be exactly or very 
nearly in one vertical plane, in order to avoid the strain on the axle 
which would otherwise take place. [Marertats, SrRENGTH oF.] 

If the string passing over the circumference of the wheel rs and 
the axle cB were to cross itself, as represented by the lines bdaf, the 
relation between the powers would be the same as before, but the 
weight w’ would be raised in the direction w’r’ instead of wr. 

It is easy to perceive that (as in the lever and other mechanical 
powers) the spaces described by the weights B and w, in a given time, 
when in sare are by Mew aor in the See ratio of those 
weights ; for lescribed are respectively equal to the lengths 
pez ey ade hs arahgeenepr prisons satebhel Be, pte econ ras 
in the given time; and these lengths are proportional to the circum- 


ferences, or radii, that is, inversely as the weights ing at the 
s iy acting 

Hence the advan in the wheel-and-axle may be increased either 

by increasing the radius of the wheel, or by diminishing that of the 


axle. In the latter case, of course, the axle would soon become too 
weak to sustain the weight. This is beautifully avoided by the use of 
a compound axle, one part of which is of smaller radius than the other. 
One end of the cord carrying-w is wound round the thicker, and the 
other, in a contrary direction, round the thinner part. As P descends, 
some of the cord unwinds from the thinner axle, while another part is 
wound up round the thicker; but as the latter of course, exceeds 
the former in length, the weight is raised in this proportion. Thus 
we may have an axle of virtually vanishing radius, and may, con- 
sequently, — indefinitely increase the power, but, of course, only 


at the expense of time. 
the measurements as in fig. 1, and representing the radius of 
pele ee = eels pike Wolens — thinner Te aaeaethy Jee 
BO; since whole weight w is supported e two parts of 
the cord, the tension of the cord = 4w. - 


Hence, by mechanics, taking moments about c, we get, 
P.CA+4wa=}w.cB 
+. P.0A=$w (CB—a) 
“.P:W:: 4(CB—a): 0a, 
WHEEL-CUTTING, a term applied to a branch of prac- 
tical mechanics, which the modes of exttting the, eel 4 
the wheels used by watch and clock makers and for other mechanical 
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those portions of the metal which are left standing. Weshall, however, 
employ the common phrase, as it will perhaps be best understood by 
all who feel an interest in the art. 

Description of the engine commonly used :—aAAa a strong frame 


of cast-iron consisting of two parallel plates, the stouter the better, 
firmly connected together, but so that the plates are from 3 to 5 inches 
apart, to allow the dividing-plate pr to revolve between them. The 
plate pp is fixed firmly to the axis c (about 8 or 9 inches long), which 
works at its upper aa in a collar d, in the upper plate, and its lower 
end in the centre of a screw, R: this axis ¢ has a hole down from its 
upper end, about three-fourths of its length, to receive the smaller 
axes, arbors, or pinions of the wheels which are to be cut. & is a hori- 
zontal slide, of which the vertical part x’ is formed into a dove-tail, on 
which slides the vertical slide r, to which is securely attached a frame 
G, having two projecting sides through which pass two screws, one of 
which is seen at H. These screws have female centres to receive the 
ends of the arbor which carries the cutter 1: j, a pulley on the cutter- 
arbor which receives the band by which motion is communicated 
to the cutter 1; /, the handle of a lever, whose centre of motion is at 
U on a piece projecting from the back of the fixed dovetail x’, to which 
is attached the connecting-rod m, for depressing the slide ¥, and 
thereby ing the cutter through the wheel; 0, a piece attached to 
the back of the dovetail ©’, for the purpose of fixing the spring n, one 
end of which is attached to the slide r, and o to bring up the 
slide after the cutter has passed through the wheel. The slide ris 
for the purpose of bringing the cutter to the requisite distance from 
the centre of the wheel to be cut, and has a screw, not seen in the 
drawing, for the purpose of setting it fast when brought by the screw 
Q to its pure place. The dividing-plate pp has on its surface a 
number of concentric circles, which occupy that portion of the plate 
nearest its circumference: these circles are each accurately divided 
into such a number of equal parts as are likely to be suitable for the 
wheels required to be cut; the outer circles, being the , gene- 
rally contain high numbers, such as 400, 360, 192, 168, 160, 150, 140, 
136, 130, &c., and with these almost any common number of teeth can 
be cut. Firmly fixed on a moveable centre or joint attached to the frame 
of the engine is an index u, capable of a motion on its joint parallel to 
the plate Pp, and having at its end a pin &, with a rather long conical 
point. On the plate pp, at the intersection of each division with its 
corresponding circle, is drilled a hole; and if thése holes are drilled 
quite through the plate all the better. The pin & is attached to the 
index u by a moveable piece which is acted upon by the screw s, and 
serves the a of shifting the plate pp any small quantity less than 
the distance of a single division on the plate; and 10 is a nut to set 
the pin & fast in any required position. 

e index, being placed with its conical point 4 in one of the holes 
in any circle by means of slit v (say that of 360 divisions), is screwed 


fast by the screw ¢, and the elasticity of the index keeps it sufficiently 
tight in the hole to prevent the plate and arbor from moving round : 
if the end of the spring or index be now lifted up by the , and the 


plate be moved round till the next division or hole in the — circle 
M 
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comes under the conical point, and the point & be then drop 
it, the distance moved over by the plate, and also by the 

is screwed or otherwise fixed. on to the end of 
‘sth part of a circle, The cutter having been adjusted to such a dis- 
tance from the centre of the arbor cas is req to cuta 

depth into the wheel, the operation of cutting is performed by 

down the slide y which carries the cutter-arbor by the lever J, the 
arbor being carried round by the band which passes round the 

j, and a wheel similar to a e-wheel, which the operator keeps in 
motion by the foot on a treadle in the same way as in a common 

As soon as the cutter has through the thickness of the 

wheel, the is taken off the lever by which the cutting-frame 
or slide has been de and it is brought back to the position it 
had reget the spring n, the plate is shifted ‘saxty anand and es 
operation of cutting is repeated. It will be percei: t any num! 
ons be cnt from each > provided the required number is an 
aliquot part of the divisions in the circle used: thus, on the circle of 
360, by passing over two divisions between each cutting, 180 will be 
cut; three divisions, 120; four divisions, 90; and so on. 

In some engines the edge of the dividing-plate, or rather a rim just 
within the edge on the under side of the plate, bas a screw cut upon it, 
into which a t-screw is made to act; and the head of this acrew 
consists of a small wheel, or dividing-plate, removeable at pleasure, in 
order to substitute enother of a different number. By such an arrange- 
ment as this just described, not only may any number (even prime 
numbers) be cut, but the plate itself may be divided. The cutting of 
wheels, or rather shifting the plate by the screw, would take too much 
time for ordinary wheel-cutting ; hence the numbers most in use are 
drilled in the plate as above described. A great many ingenious 
methods are resorted to in wheel-cutting for the purpose of cutting 
odd numbers, for moving the plate over any number of divisions rapidly 
without the possibility of making a mistake, the details of which our 
limits will not allow us to go into: what we have said above we deem 
sufficient to illustrate the principle. It is necessary here to observe 
that the cutter, previous to commencing to operate, should be adjusted 
so that a plane passing through the centre of its cutting-edge, and 
parallel with its sides, should pass also through the centre of the arbor 
on which the wheel is fixed; otherwise the teeth will not be cut in 
straight to the centre, and will have the appearance of being bent 
on one side. It is also n that the downward motion of the 
slide containing the cutter-arbor should be perfectly at right angles 
with the plane of the wheel. We have hitherto spoken of the wheels 
as being screwed to the arbor c, but we have also said the arbor ¢ is 
hollow, for the purpose of receiving the axes of ‘the wheels to be cut. 
This hollow arbor is, in fact, capable of receiving end-pieces, which are 
firmly fixed therein ; and it is on these latter pieces that the wheels 
which have no axes of their own, but simply a hole through them, are 
screwed. But when the wheel to be cut js already fixed on an axis, 
the hollow arbor is used with an apparatus shown in the figure, which 
we shall now describe :—1, 1, part of a very firm bar ai to the 
lower frame, and extending horizontally across the centre of the engine- 
plate, the extremities of which bar terminate in two pins or pivots; 
2, 2, one of which is not seen, extending a short distance beyond the 
edge of the dividing-plate ; on to these pins are hooked two pieces, 3, 3, 
which, at their upper ends, pass through slits in the piece of iron, 4, 4, 
which has a screw, 5, passing through its centre. (In all this apparatus, 
except the screw, 5, there must be no nice fitting, but penfect fredacan 
The screw 5 has a centre, either male or female, by which it 
down the hollow cone y ; but the foregoing apparatus, called the gal- 
lows, will be best understood by describing the mode of putting on a 
wheel having an arbor in it :;—Remove the gallows; on to the end of 
axis ¢ drop a flange z, a little less in diameter than the circle which 
corresponds with the bottom of the teeth to be cut : h the centre 
of this flange drop the ee ee the arbor of the wheel w, to be 
cut, so that the wheel rests on the flange x ; then over the wheel drop 

the flange or collar «’ (of the same diameter as x); over the shorter 
part of the axis of wheel w place the hollow cone y : bring the gallows 
over the cone; screw down screw 5 just sufficiently tight to hold the 
= in its position, but not to set the wheel w fast ; remove the pin 

from the plate P P, and cause the latter to revolve rapidly by the hand 
or otherwise ; the wheel w will in all probability be far from concentric 
— et plate, as will also the centre of cone y. 

w 


” Of the Cutters, and the mode of making and using them.—The cutters 
— ieee marapes | of oll ods pted A ge — and a depends 

¥ ones w purpose. e first we 
shall describe is used for the commonest work, that is, merely for cut- 


is merely a circular disc of steel with on its edge, 
circular saw, the two sides being slightly undercut, as seen in the sec- 
tion No. 1: this allows the cutter to pass freely through the metal 


of cutter, and more lasti 


eighteen teeth, as in No, 2, w gives a side-view and section : 


No, 2 


: 1 cee 


are left very hard, being tem only to a light straw-colour, are 
beer aegangih rg hemes! Cos ona mail v thoes tks ah ‘ 
longer making than first described. When consist of not 
more than six teeth, each tooth is ly relieved in direction shown 
in section No. 3, but not on the si by which wenn ee ae 
itself better, and cuts on its sides to root of its tooth, which 
gan be kept clarpae apc 5 mandh Sebieriwroeds condition than the 
oregoing. hes. 
Cutters are also made having but one tooth, others with two, three, — 
and four; but these are more frequently used when the teeth are to 
the side view 
require to be 


have a very unsi 
It will be necessary to say a 
to eco the rier poor prs peo fg ay 7 
used, when tem! , for metal, such as and brass 
gun-metal ; if left hard, they should be sharpened aia 
very fine emery, and they can then be used for harder metals, such 
iron and steel. No. 2 may also be used for the same 08 , 
when used for the harder metals should have a greater number of teeth, _ 
from 20 to 30 not being too many in a cutter of three-quarters of an — 
inch in diameter. In general, the harder the metal to be cut the — 
greater the number of teeth required in the cutter; and with 3 
metals, such as steel and bell-metal, it is requisite to the 
well supplied with oil, and in all cases where hard are 
operation the cutter should have a slow motion, Cutters with 
to six teeth may revolve from 10,000 to 20,000 times in a 
cutting the softer metals, and those with 10 to 20 teeth 


apply to cutters whose diameter is about ie of 
ess 


the cutters are larger, they must have a pevvnd 
; le for cutting ste 


revolutions, Cutters are sometimes 

for all the metals, having very fine teeth, from 200 to 300 ix p 
but the use of them . aan es ont oc in fact, be eae 
approximates very closely to and such cutters may . 
as circular files. One great disadvantage is that the keen e 
soon lost, and they cannot be renovated without softening. 


Wheel-cutting is one of those operations in which much 
be 


times ha that ste 
more rapid motion, 


upon the manual dexterity and judgment of the tor ; for it 
f the 
sCpete peg’ 
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is stated above; but it is only when the metal is of a particularly 
mild ity, or has been prepared especially for the purpose by 
softening. following mode of softening the steel to be cut isa 
one, and may be frequently adopted with great advantage :— 
the articles in a mass of loam, clay, or lime, with sufficient 
moisture to make it adhesive, taking care that the articles to be 


E 
i 


hammering, previ ) r 
if the scale left after forging be first removed with 
a file. in water, but do not heat your steel too hot; for every 
degree that steel is heated above its hardening point deteriorates its 


machinery, but if large they are usually formed of two or three thick- 
nesses of planking fastened together, with the grain crossing in various 
directions. Wooden wheels for millwork, when not required to be 


into their 
crossing at right les, and halved into 
centre, where their intersection leaves a square open- 

This opening should be somewhat larger than the 
the difference of size should be made up by the inser- 
i the means of adjusting the wheel per- 
In very large wheels, such as water-wheels, 
arms, one on each side of the wheel, are 
eels it is not unusual to add stays or braces 
the back of the wheel to a point at some distance along the shaft, 
the trundle or pinion to force the wheel 


3 


it 
i 
: F 
: 


rik 
z 
3 
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machinery cast-iron has almost entirely superseded the 
use of wood for cog-wheels of every description. If they do not ex- 
ceed eight or ten feet in diameter, they may be cast in one piece; but 
if above that size it is desirable to form them into two or more parts, 
because of the difficulty of cooling a very large casting without unequal 
contraction. Where the diameter does not exceed twelve or fourteen 
feet, the rim may still be formed in one piece, and the centre and arms 
in another, the two to be united by bolts; but when those dimensions 
are exceeded, a further subdivision is necessary. The rim may then 
be cast in three segments, the box or centre in one piece, and the arms 
in several pieces, each terminating in a rib forming half the thickness 
of an arm, for convenience of bolting together. Large iron wheels are 
adjusted accurately on their axes" by wedges or keys; but small ones 
may, in many cases, be adjusted by turning the periphery in a lathe 
after i ; 


mounting, 
Carriage-wheels are those in which the greatest ingenuity of con- 
struction is 


B 


not only that the wheels be made exceedingly 

possess a degree of elasticity sufficient to 
pre see concussions to which are con- 
tinually exposed, without risk of fracture or without the starting of 
any of their numerous joints. An ordi carriage-wheel consists of 
the nave, a cylindrical block of wood, usually elm, which forms the 
centre of the wheel, and is pierced longitudinally with a hole to 
receive the axle ; the spokes, which are radiating arms framed into the 
nave at equal distances; and the felloes, which are circular ts 
framed on to the outer extremities of the spokes, and forming colleec- 
hery or rim of the wheel. The external surface of the 
felloes is protected by a covering of iron, called the tire, which 
ut on in several pieces, or strakes, the joints of which 

e with those of the felloes, or in a single piece, 
forming a hoop-tire. The simplest form in which such a wheel as here 
alluded to could be formed, would be that in which the spokes would 
stand at right es with the axis, and would form a flat or plane 
fi when the wheel is viewed edgewise; but such a wheel would be 
iNT adapted to meet the lateral shocks to which a carriage-wheel is 
exposed. The more common form is that called the dished-wheel, in 
which the centre or nave is made to fall back a little from the plane of 
the felloes, so that the face of the wheel is not flat, but slightly con- 
éave. ‘The elasticity of this form is a very great recommendation. 


It possesses also this advantage: that if the axle be slightly bent 
downwards towards its extremity, so as to bring the spokes of 
the lower half of the wheel into a nearly vertical position, which 
will enable them to bear the greatest possible weight, the upper 
half of the wheel will have such an inclination outwards as to leaye 
more room for the body of the carriage, and to throw particles of 
dirt, caught up in its revolution, away from it. Very strong wheels 
are occasionally made in a double-dished form, or with the spokes 
alternately inclining outwards and inwards from the felloes, so that the 
centre or nave of the wheel forms the base of a pyramid of which the 
felloe forms the apex ; but such wheels are very deficient in elasticity, 
and consequently will not bear much concussion. In ordinary dished 
wheels the spokes are arranged in two sets, being alternately more and 
less inclined or dished ; and in some cases every alternate spoke is set 
absolutely straight or square with the nave. The dished form of 
wheel, together with the bending of the axle, involves some increase 
of axle friction, and also, if the wheel be wide, the use of a conical 
tire, which cannot possibly roll in a straight line without a degree of 
rubbing friction most injurious to the road, and which also increases 
the draught. Some years ago the use of conical wheels for waggons, 
combined with the inordinate breadth of tire encouraged by injudicious 
legislation, was carried to a most absurd extent, and broad-wheeled 

were used which were far better adapted for grinding stones 
into dust and mud than for the purpose of locomotion. This extrava- 
gance, however, is now seldom seen. ; 

The ordinary mode of making a coach-wheel is as follows. The 
piece of elm for the nave is turned in a lathe to the proper size and 
shape, and is hollowed within to receive the axle. It is then fixed in a 
groove, and holes are chiselled out for the reception of the ends of the 
spokes. There is nothing but the practised eye of the workman to 
guide him in making these holes in the proper position for producing 
the dishing of the wheels ;—half of the spokes are near one end of the 
nave,and half near the other, and the holes have to be regulated 
accordingly. The pieces of oak for the spokes are shaped by hand: a 
small cutting tool, called a spoke-shave, being the chief instrument 
employed. One end of each spoke is formed into a tenon to fit the 
mortice-hole in the nave. The spokes are fixed into the holes by driv- 
ing with a mallet, and are finally shaped after fixing, The rim being 
formed of several felloes, and each felloe being large enough to receive 
the ends of two spokes, the pieces of ash to form them require to be 
wrought into segments of curves; this is done by means of pattern- 
boards and various cutting tools. The felloes are drilled with holes to 
join them together by, means of dowels, with other holes to receive the 
ends of the spokes. 

Few mechanical operations of equal complexity, and requiring an 
equal amount of precision, have received so little aid from machinery 
as the manufacture of carriage-wheels; though wheels made by 
machinery are said to be superior in truth, firmness, and durability to 
any others. In ordinary wheels the neatness and strength are 
increased by the application of a hoop of iron to each end of the nave, 
to enable it the better to resist the strain of the spokes. The spokes, 
which are usually formed of oak saplings, are wrought into the proper 
form after being driven into the nave, and are usually cut to a narrow 
edge in front to lighten their appearance. Wheels have been made 
with the periphery in one or two pieces, bent into the required form 
after being softened by boiling and steaming; but the pe has not 
been found successful, because, among other disadvantages, the wood 
is injured by the long boiling required. In ordi coach-wheels, 
from 4 feet 3 inches to 4 feet 8 inches high, there are fourteen spokes ; 
and in fore-wheels, which are about a foot lower, there are commonly 
twelve spokes; and the usual arrangement is to have half as many 
felloes as there are spokes. The introduction of solid or hoop tires is 
a great improvement upon the former system of wheel-making, as it 
affords the means of binding the whole of the wheel together with 
irresistible force. The tire is made very hot, and the’ wheel is made 
of such a size as only just to receive.it when it is thus expanded; but 
so soon as the hoop is brought into its proper place, water is thrown 
upon the wheel to cool the tire, and to prevent the wood-work from 
catching fire, and the result of the sudden contraction of the hoop is 
to compress the felloes, and to force each spoke into a slightly curved 
form, so that when complete the wheel forms a flat dome-shaped 
figure, admirably adapted, by its combined strength and elasticity, for 
the purpose for which it is designed, The tire is further secured, after 
cooling, by a few pins driven through it and the felloes, and riveted 
inside the latter. 

Having found, during his experiments on steam locomotion upon 
common roads, that wheels of the ordinary construction were not 
strong enough for his purpose, Mr. Hancock contrived and’ patented a 
wheel in which the nave is abandoned altogether, and the inner ends of 
the spokes are formed into wedges which abut against each other, and 
form a kind of arch surrounding the axle-box. They are firmly 
secured in their places by an iron plate on each side of the wheel, and 
a bolt passing through each spoke. Though too rigid for very rapid 
motion, this wheel is exceedingly strong, and its simplicity of construe- 
tion forms a great recommendation. 

The rapid motion of railway carriages, coupled with their great 
weight, so greatly increases the effect of such concussions as must 
occur on even the smoothest road, that wooden wheels have been found 
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utterly unsuitable for them. Cast-iron wheels have been much used 
on colliery railways, and in some cases where rapid motion is required; 
but while they may be made abundantly strong, as far as direct pres- 
sure is concerned, type aren = — 2 Nog peared = 
panes ee mious p for the combination o} 
sows Cm an ois tion e same wheel have been devised; but 
while some of these have been brought into operation, wheels entirel 
composed of wrought-iron have been by far the most generally ad 
The facility with which that material may be worked into form has 
led to endless variety of plans, some of which are highly ingenious, for 
combining the requisite degrees of strength and elasticity. In some 
wheels the annular space between the central boss or nave and the rim 
is filled up by a series of elliptical loops, formed of thin bars of iron, 
abutting against each other ; in others there are spokes, but instead of 
consisting of single rigid bars, each consists of two halves, having a 
slight degree of curvature. By these and similar contrivances elasticity 
is insured without dishing the wheels, which would, for railway 
carriages, be inconvenient. In some cases a portion of the annular 
above described is filled with ental blocks of wood, resem- 
bling the felloes of a common wheel; but while this arrangement 
claims some advantages, its appearance is very inferior to that of the 
light and often elegant wheels formed entirely of wrought-iron. One 
kind of iron wheel which claims notice is that patented by Mr. 
Theodore Jones. These wheels may be compared to double-dished 
wheels in general appearance, but their principle is very different. 
They consist of an iron rim pierced at intervals with conical holes, the 
largest apertures of which are on the outside; two sets of round rods 
or spokes, with pyramidal heads to fit in the conical holes of the rim, 
the two sets radiating or inclining alternately inwards and outwards, 
like the spokes of a double-dished wheel; and a cast-iron nave, which 
is formed hollow, with holes to receive the inner ends of the spokes, 
which are secured by nuts screwed on to them within the nave. The 
peculiarity of this construction is, that instead of the weight resting 
almost entirely, as in a common wheel, upon those spokes which happen 
to be below the nave, it is, as it were, suspended by means of the rods 
or spokes which are above the nave, from the top of the wheel, the rim 
of which is considered as an inflexible arch, On this account the 
wheels are called suspension-wheels ; and as the strength of wrought- 
iron to resist tension is far greater than its strength to resist compres- 
sion, a wheel on this principle may be made to bear a much greater 
load in proportion to its bulk and weight than any other. 

Asan example of railway-wheels, we may advert to! that of Messrs, 
Hollis & Lee. It is built together in four parts, of which each com- 
ee two spokes, a quadrant of rim, and one fourth part of the nave. 

he nave thus formed is square. The rim-pieces are a continuation of 
the spokes, bent round to a curve, and fastened at the spoke ends by 
tenon and mortice joints. 

Patent noiseless wheels have been made with tires of india-rubber, and 
with various contrivances for ensuring durability while obtaining 
elasticity and noiselessness; but they have not come extensively 
into use, 

The wheels used by cutlers, lapidaries, seal-engravers, and glass 
engravers, under the names of brush-wheels, buff-wheels, cloth-wheels, 
composition-wheels, crocus-wheels, emery-wheels, lap-wheels, &c., are 
mostly made of metal or wood, coated with some other substance at 
the . Their manufacture needs no description. 

WHETSTONE, a smooth flat stone used for whetting or sharpening 
0 instruments by friction. Whetstones, which are sometimes 

ed hones, are made of various kinds of hard close-grained stone, and 
are moistened, when in use, with either oil or water. The latter is 
Ss by some, for giving a keener edge to cutting instruments ; 
~ but as it allows closer contact between the stone and the metal, it does 
not appear so well adapted for producing a be Ravage surface. The 
proper use of a whetstone involves a degree of skill and dexterity which 
can only be obtained by much practice. 

WHEY. [Cuegsr. 

WHIG. This term, like that of Tory, was adopted as a term of 
reproach, although its origin is by no means certain. North, in his 
* Examen,’ says it “ was very significative as well as ready, being ver- 
nacular in Scotland (from whence it was borrowed) for corrupt 
and sour whey.” In point of fact, whig, according to the Scottish 
lexicographers, is not whey, but the slightly acidulated serum of 
butter-milk, 

Quite a different account from this, however, is given by Burnet, in 
his * History of his Own Time,’ under the year 1648. That writer says, 
“The south-west counties of Scotland have seldom corn enough to 
serve them round the year; and the northern parts producing more 
than they need, those in the west came in the summer to buy at Leith 
the stores that come from the north; and from a word whiggam, used 
in dri their horses, all that drove were called whiggamors and, 
shorter, the whigga, Now, in that year, after the news came down of 
Duke Hamilton's defeat, the ministers animated their people to rise 
and march to Edinburgh; and they came up marching on the head of 
their parishes, with an unheard-of fury, praying and preaching all the 
way as they came. The Marquis of ch and his party came and 
bearded them, they being about 6000, This was called the whigga- 
mors’ inroad; and ever after that all that opposed the court came 
in contempt to be called whiggs; and from Scotland the word was 


brought into England, where it is now one of our unhappy terms 
of distinction.” 


says, under the year 1667, “The 

ed Whiggs, became wine Salas. 
interest in Britain, who were called Whiggs, after them, even at the 
court of England: so strangely doth providence improve man's 
mistakes for the furthering of the Lord's pi 4 : 

With regard to the party opinions of the , it is neces. 
sary to add anything to what has been stated under the Tory, 
The Whigs of the last century and a half are generally viewed as the 
representatives of the friends of reform or change in the ancient con- 
stitution of the country, ever since the popular element became active - 
in the legislature, whether they were called puritans, nonconformists, — 
round-heads, covenanters, or by any other name. Down to the 
beste of 1688 the object of this reform party was to make such 

ge ; since that event, at least till recently, it principally been 
to maintain the principles of the change then made. Of course, how- 
ever, this party, like all other parties, has both shifted or modified its” 
professions, principles, and modes of action within certain limits from 
time to time, in conformity with the continual variations of cireum- 
stances, and has seldom been without several shades of opinion 
among the ences belonging to it in the same pee soc differ- 
ences vr sometimes “yess peter eee more di saga one 
time referring to matters of apparently mere temporary , aS 
was thought to be the case when the Whigs of the last age, soon after 
the breaking out of the French Revolution, split into two sections, 
which came to be known as the Old and New W ; at another, seem- 
ing to involve so fundamental a discordance of ultimate views and 
objects, if not of first principles, as Pim to make it expedient for 
one extreme of the party to drop the name of Whig and 
to call itself something else, as we have seen the Radicals do in our 
own day, All parties in politics indeed are liable to be thus drawn 
or forced to shift their ground from time to time; even that party 
whose general object is to resist change and to preserve what exists, 
pr it has no doubt a _ definite pend marked out for it 

the opposite party, must still often, as expresses it, 
its means to secure the unity of its end; besides, upon no pebisigle 
will precisely the same objects seem the most desirable or impo 
tant at all times. But the innovating party, or of the move- 
ment, is more especially subject to this change of views, aims, and 
character : it can, properly speaking, have no fixed principles; as soon 
as it begins to assume or profess such, it loses its true character and 
really passes into its opposite. Accordingly, in D en of fact, much 
of what was once Whiggism has now become Toryism or 
tism, the changes in the constitution which were formerly 
for being now attained; and, on the other hand, as new objects 
have presented themselves to it, Whiggism has, in so far as it retains 
its proper character, put on new aspects, and even taken to itself 
new names, 

WHIRLING-MACHINE is an apparatus invented by Mr. Robins for 
the purpose of determining the resistance of the air against bodies 
moving with velocities less those for which the resistance can be 
determined by the Ballistic pendulum. 

It consists of a brass hs gooey 2 inches in diameter and about 6 
inches long, which is fi in a frame so as to be capable of turning 
freely with its axis in a vertical position between the of the frame 
and a horizontal plate of wood or metal which is supported above the 
base by four small pillars. The axle of the cylinder, which is of steel,” 
passes through that plate, and terminates about 4 inches above it. To 
this is attached horizontally, and immediately upon the plate, a thin 
arm of wood or metal about 4 feet long, and formed with what is called 
a feather edge on each side: to the extremity of this arm is affixed the 
object which is to be used in the experiment, and a wire i 
from the top of the steel axle to the extremity of the arm serves to 
prevent the latter from bending by its weight. p 

A silk line made fast at one end to the surface of the cylinder is in — 
part wound round the latter; the line amet oy over a pulley fixed — 
in a vertical position at the opposite extremity of the machine, and to 
its lower end is attached some given weight : the descent of the weight 
causes the cylinder, and consequently the object at the extremity of 
the arm above mentioned, to revolve about the vertical axis during the 
experiment. The weight at the end of the line being acted on by 
gravity descends at first with an accelerated motion, and consequently 
the circular movement of the object at the extremity of the bar is also 
accelerated; but after a few revolutions the resistance of the air against 
the object becomes very nearly equal to the weight of the descending — 
body, and from that time the descent of the weight and the revolving — 
motion of the object become, as to sense, uniform. When this uniform — 
or terminal velocity is obtained in any experiment, the desceni y 
weight evidently expresses the amount of the air's resistance : 
with the inertia of the ine. i" 

An instrument of this kind was much used by Dr. Hutton, of 


i 


f 


Woolwich, during the years 1786 and 1787, in his researches concern- 
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ing the resistance ienced by military projectiles in passing 
through the air; and objects which this mathematician applied at 
the extremity of the revolving arm were hemispheres of pasteboard. 
Any one of these he could at pleasure dispose so that either its con- 
vex or plane surface might be resisted by the air: there was also 
provided a flat plate of lead equal in weight to the hemisphere 
employed, which could be fixed to the arm when the hemisphere was 
removed, for the purpose of ascertaining the resistance opposed by the 
air to the motion of the arm itself. 

_ The radius of the circle described by each hemisphere in its revolu- 
tion is measured from the axis of the cylinder to the centre of the 
sphere, of which the revolving object is half, and the radius of the 
cylinder is measured from the same axis to the middle of the silk line 
passing round the surface : let the latter radius be represented by r, 
and the former, when any one of the hemispheres is applied, by r. 
The time is marked by a stop-watch at the end of each revolution, and 
the differences between them are taken for the times of the revolu- 
tions. Aftera few revolutions the differences are very nearly constant ; 
and a mean of ten or twelve’of these nearly constant differences may be 
considered as the time of revolution, when the motion is uniform in 
consequence of the equality of the resistance and inertia to the weight 
of the ing body ; let this weight be represented by w. 

In order to discover the resistance due to the inertia of the machine 
and the action of the air upon the arm (the plate of lead, with its 
plane in a horizontal ition, being fixed at the end of the arm), 
different weights are attached to the silk line, till some one is found 
which causes the arm to revolve uniformly in the same time as the 
hemisphere may have been observed to revolve when its motion was 
uniform. This weight, which may be represented by w, is evidently 
the equivalent of that resistance and inertia; and the difference w—w 
is the value of the air’s resistance against the anterior surface of the 
revolving i only. The velocity of the latter is measured by 
the length, in feet, of the arc described by its centre in one second, and 
the weight or resistance w—w is supposed to be applied at the cir- 
cumference of the cylinder, to which the silk line is a tangent. This 


term must consequently be multiplied by “in order to reduce it to 


the value of that which would be equivalent to it if applied at the 
centre of the revolving object. 

From a mean of numerous experiments with a hemisphere whose 
diameter was 6°375 inches, and which revolved with velocities varying 
from 3 feet to 20 feet per second, Dr. Hutton found that the resistance 
of the air against the flat side was to the resistance against the convex 
side as 2°48 to 1: it should be as 2 tol only. From experi- 
ments made with ispheres of different magnitudes, also with a 
whole sphere, a cone, and a very short cylinder, it was found that the 
resistance experi by similar surfaces (the velocities varying from 
10 feet to 20 feet per second) were nearly proportional to the surfaces, 
increasing a little above that proportion with the greater surfaces; and 
that the resistances on the same surface varied, at a mean, with the 
2°04 power of the velocity, gradually increasing with the increasing 
velocities. When a hemispherical or conical surface was acted on by 
the air, the resistance was less than that which was experienced by a 
plane surface of equal diameter; but the sharper surface had not 
always less resistance than one which was round ;: the convex surface 
ofa isphere, for example, experienced less resistance than that of 
a cone, contrary to the result of theory. The resistance on the base of 
acone was to the resistance on the convex surface as 2°3 to 1: by 
th it should be as 4to 1. The resistance on the base of a short 
cyli was less than that on the base of a cone, though the areas 
were equal; also, on account of the different manner in which air acts 
on the posterior surfaces, the base of a hemisphere experienced less 
resistance than that of a cone, and the convex surface of a hemisphere 
less than that of a whole sphere of equal diameter. 

The whirling ine invented by Ferguson is a frame or box of 
wood, containing a wheel about 2 feet in diameter, on each side of which 
is a pulley about 6 inches in diameter; the axes of all are in vertical 
positions, and, by strings passing over the wheel and pulleys, the latter 
are made to revolve on turning the wheel by means of a handle. The 
machine was intended to exhibit, in a popular manner, the principal 
effects of centripetal or centrifugal forces, when bodies revolve in the 
circumferences of circles. 

On the axle of each pulley there is fixed, at its middle point, a bar 
of wood in a hori position, and on this a small plate or carriage 
of brass is made to slide easily along two horizontal wires extendi 
from the centre to one extremity of the bar: a silk line attached to 
this plate passes under a small brass pulley near the centre of the bar, 
and over a similar B segs fixed in a brass frame, about 6 inches above 
the first pulley; the line is afterWards attached to a brass plate or 

iage, which is capable of sliding up or down in the brass frame, 

as the first plate moves from or towards the centre, along 

the wires on the horizontal bar. A given weight is placed on this first 
carriage at any distance from the centre, and the pulley, to whose axle 
the bar is fixed, is made to revolve by turning the handle on the axle 
of the wheel: then, on placing such a weight on the iage in the 
brass frame as will just allow the former weight to recede in conse- 
quence of the centrifugal force which that weight with its carriage 


acquires by the revolution, the weight in the frame, including that of 
pe carriage, is to be considered as the equivalent of the centrifugal 
01 k 

For example, let the two pulleys be of equal diameters, and let each 
be made to carry on its axle a horizontal bar with a sliding plate or 
carriage: then, if a weight of 6 ounces, including the carriage, be placed 
at 3 inches from the centre of motion on one bar, and 2 ounces, 
including the carriage, on the other bar, at 9 inches from its centre of 
motion; upon making the two bars revolve rapidly, the centrifugal 
forces will cause any equal weights on the carriages in the two brass 
frames to rise to thé tops of those frames at the same instant. Here 
the velocities of rotation are represented by 3 and 9, and the weights 
by 6 and 2, so that the ratio compounded of the velocities and masses 
is one of equality ; and this is considered as verifying the proposition 
that if bodies revolve in circular orbits, the centrifugal forces are equal 
when the products of the masses and velocities are equal. Again, let 
the diameter of one of the pulieys be twice as great as that of the 
other, so that when the bars are placed on the axles and are made to 
revolve by turning the wheel, the angular velocity of one may be half 
the angular velocity of the other: then, if any equal weights, for 
example, be fixed on the carriages which slide on the two bars, at equal 
distances from the centres of rep. if there be placed on the 
carriages in the brass frames above those centres, weights, including 
those of the carriages, such that the weight above the larger pulley 
may be one-fourth of that which is above the smaller pulley ; the cen- 
trifugal forces arising from the revolutions will allow these weights to 
be raised at the same instant, proving that both the revolving bodies 
are retained in circular orbits. Here the angular velocities of the 
revolving bodies are as 1 to 2, and the weights in the frames, which 
represent the centrifugal forces, are as 1 to 4; and the experiment 
shows that when equal bodies revolve in equal circular orbits, the 
centrifugal or centripetal forces are to one another as the squares of 
the angular velocities. 

It is easy to understand that such experiments may be varied so as 
to exhibit all the phenomena of circular movements. 

WHIRLPOOL, a place in a river, or in the sea, where in con- 
sequence of obstructions from banks, rocks, or islands, or the oppo- 
sition of winds and currents, the waters acquire a revolving motion. 

The agitation of the waters which is constantly observed near 
Messina, and which is usually designated the whirlpool of Charybdis, 
is now well known to be unaccompanied by any vortiginous motion by 
which vessels might be absorbed, and is, rather, an incessant undula- 
tion of the water. The agitation is said to exist in several different 
places at the same time, within the circumferences of circles whose 
diameters, when the wind is moderate, do not exceed 100 feet, and is 
caused by the wind acting obliquely on the rapid current which sets 
towards the faro, or lighthouse, from the north during six hours, and 
from the south during the next six hours, and so on alternately ; the 
changes taking place respectively with the rising and setting of the 
moon. § i, who was rowed over the spot when the wind was 
light, experienced no danger, though the boat was much tossed by the 
waves : he was informed however that when the wind is high, the 
swelling of the waves is more violent and extensive, so that small 
vessels which are driven within the limits of the agitation may be sunk 
by the waves breaking over them, aud large ones may be driven on the 
Italian shore, where they are sometimes wrecked on the rock of Scylla. 
The dashing of the waves on the hollow rocks about Cape Peloro 
produces a noise which is said to resemble the barking of dogs; and it 
is probable that these sounds gave rise to the fable that a female 
monster surrounded by ferocious dogs and wolves lay there in wait to 
devour the mariners who might be wrecked on the coast, 

Some of the descriptive particulars of the Galofaro, the supposed 
Charybdis [CaLapria, col. 236, in Gxoa. Dry.], just given, are derived 
from Captain (now Admiral) W. H. Smyth’s account of Sicily and its 
islands. We now add the following, as given, from that work, in the 
author’s subsequent memoir on the Mediterranean, pp. 181, 182 :— 
“To the undecked boats of the Rhegians, Locrians, Zanoleans, and 
Greeks it must have been formidable; for even in the present day 
small craft are sometimes endangered by it, and I have seen several 
men-of-war, and even a 74-gun ship (the Queen, bearing the flag of Rear- 
Admiral Sir Charles Penrose), whirled round on its surface; but by 
using due caution there is generally very little danger or ingonvenience 
to be apprehended. The Galofaro appears to be an agitated water, of 
from 70 to 90 fathoms in depth. ..... It is owing probably to the 
meeting of the harbour and lateral currents with the main one, the 
latter being forced over in this direction by the opposite point of Pezzo. 
This agrees in some measure with the relation of ‘'hucydides, who calls 
it a violent reciprocation of the Tyrrhene and Sicilian seas; and he is 
the only writer of remote antiquity I remember to have read who has 
assigned this danger its true situation and not exaggerated its effects, 
Many wonderful stories are told respecting this vortex, particularly 
some said to have been related by the celebrated diver, Colas, who at 
last lost his life here. I have never found reason, however, during my 
examination of this spot, to believe one of them. The formation of 
the Tangdora shoals, stretching out on each side of the little kind of 
/ off which the Galofaro is situated, is probably owing to the eddies 

Charybdis.” " 


The lstrom, between the islands of Mosker and Warae on the 
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coast of Norway, appears to be of a similar nature: the tide there forms 
acurrent which runs with violence alternately from north to south, 
and in a contrary direction; and when this is opposed Leer winds, 
there is created an agitation of the water, the sound of which is heard 
at sea to the distance of many leagues. At high and at low water, 
in moderate weather, ships pass through the strait without danger ; 
but during strong gales they keep at a considerable distance in order 
to avoid being drawn into the current, in consequence of which they 
might founder among the waves, or be otherwise destroyed. Whales 
and fish, it is said, are often found dead on the shores, against which 
they have been dashed by the violence with which the waters rush 
through the channel. 

Whirlpools are produced among the Orkney Islands by the actions of 
winds and currents; but boats, it is said, pass over the spots in safety, 
a log of wood or g bundle of straw previously thrown into the water 
being sufficient to arrest its revolving motion. 

The circular or spiral motion of the water, which constitutes a 
whirlpool or eddy in a river, is produced by flexures of the banks or 
contractions of the bed; in consequence of which the current, instead 
of continuing parallel to the general direction of the river, is turned 
obliquely towards the middle: the particles of water between this 
oblique current and the bankgby which the waters from the upper 
part of the river are reflected, are acted upon by forces in different 
directions; and the centrifugal force resulting from the curvilinear 
motion causes the centres of the whirlpools to be on a lower level than 
the general surface of the water in the river. 

Let 4B be the distance between the two banks of a river at a part 
where a contraction of the bed begins to take place, and let ab be the 
narrowest part of the channel, in the vicinity: the water in part 
arrested by the bank a a, rises above the general level of the water in 
the river at that place, and being reflected, will be made to take an 
oblique direction, as ac; at the same time, the velocity in the con- 
tracted section becomes, by the laws of hydrodynamics, greater than that 


of the river above aB. Then the particles of water within the space 
ace, rushing towards ac, the surface within that space becomes 
depressed, and the particles about p descend into the space by their 
gravity. It follows that there is a constant tendency of the waters 
from p towards ca, and from o towards ac, besides the current in the 
direction ac ; and by the action of the forces in these directions the 
revolving motion takes place. Whirlpools are continually being formed 
in this manner, and are carried to some distance down the river by the 
meral current. 
Se hirlpools may in like manner be formed at the same time, below 
’ b, on the opposite bank of the river, if this should have a similar form 
to the bank between a and c; or the stream ac may be reflected from 
g, should there be a contraction at that place, and whirlpools may be 
formed in the enlargement beyond, as shown in the di Precisely 
in like manner are formed the whirlpools or eddies at the shoulders of 
the piers of a bridge, when the breadth of the river is so much con- 
tracted as to cause its surface above the bridge to be considerably 
higher than the surface below. Under these whirlpools the bed of 
the river must evidently sustain less pressure than takes place on the 
oats about them: consequently, the water under the bed, acting 
ydrostatically upwards, may lift up the earth and stones,tand thus 
undermine the piers; or it may blow up the piles driven for the 
formation of dams. By this cause the accidents which occur in 
hydraulic operations are frequently produced, 

Inequalities in the depth of the bed of a river must evidently give 
rise to vertical whirlpools by the reflexion of the water from the 
ascending slopes ; the particles then take an oblique direction upwards, 
go as to rise like a wave above the general surface: also, a sudden 
depression of the bed will produce a vertical whirlpool in the lower 
part, nearly as the horizontal whirlpools before mentioned are s 
to have been formed. 

WHIRLWIND. [Wrtxp.] 

WHISKEY. The ration of this spirit is sufficiently described 
under DisTruvery ; while the trade and the taxation connected with it 
are noticed under Wove axp Srmur Trave. The name is derived from 
the Irish word wiasgue, ‘ water;’ and usquebangh, the name of a cordial 
at one time in much request, is derived from the Irish wisgue beatha, 
‘ water of life.’ We may here remark, among the discoveries of the 
rectifiers, that a few drops of creasote and fusel oil will give a whiskey 
flavour fo two or three gallons of good London gin, if long kept. 

WHISPERING PLACES are vaults or galleries in which the sound 
of words uttered with a low voice is augmented, so as to become 
audible at a considerable distance from the speaker. 

When the air is agitated by any impulse, as the utterance of a word 
at some spot, the undulations extend spherically in every direction, 


ar 


and thus give rise to pereoptions of sound which diminish pidly i 
“coo mnie padiger yng the auditor increases; but if the impulse — 


ven at one of the extremities of a tube, it is evident that the 
ulations will be prevented from spreading laterally, and the whole 
effect, augmented in consequence of the condensation of the particles — 
of air in the tube, will be experienced: in this manner may be explained _ 
the increase of the intensity of sound in a trumpet or a speaking-pipe. 
Pirr.] A like effect takes place in a less degree when sound ascends 
‘om the bottom of a deep well, or when words are uttered at one 
extremity of a long corridor or passage in a building. It is said that if — 
a pin be dropped into the well in Carisbrooke Castle, in the Isle of 
Wight, the sound produced when it strikes the water is distinct; 
heard at the mouth; the well is above 200 feet deep. The so 
words spoken near the surface of any long wall is similarly augm 
in the direction of the length of the wall; the latter, in some m 
preventing the undulation from being diffused in the atmosphere. 
effect in a corridor is frequently increased when the corridor has bend + 
in its length, or when it is ler at one extremity than at the other. 
When the place is in the form of a dome, the undulations of the air, 
which are produced by a sound emitted near the concave surface, at 
Nany part of the base of the dome, are, by continual deflections from 
every part of the concave surface, transmitted to a — in the base 
diametrically opposite to that from whence the sound proceeded; and 

there the waves are concentrated so as to cause the perception of a 

sound many times louder than that which was emi ig 
which is described — 


a 


itted. 
The whispering gallery in Gloucester Cathedral, P 
in Birch's ‘ History of the Royal Society,’ vol. i., is a ge 
from one aisle to the opposite, behind the east window of the choir: it 
is 3 feet wide, and about 64 feet high; its whole length is about 75 feet, 
and its form on the plan is half an i ar octagon: the wallsand 
ceiling are of freestone, and the latter, which is flat, is unevenly wrought. 
If two persons are placed, one at each end, near either wall, and - 
converses with the other in the lowest whisper, the words are as dis-— 
tinctly heard as if the persons were close together. The bees og 
gallery in St. Paul's Cathedral, London, is that which surro the 
base in the concave surface of the interior dome; here a person 
speaking in a whisper near the surface of the vault is heard distinetly 


by a person also near the surface and at the opposite extremity ofa — 


diameter, persons in any other part not being able to hear the sound. 
WHITE ARSENIC. A popular name for arsenious acid. [ARSENIC, 


Arsenious Acid.} Ls 
WHITE CANONS, so called from their habit, which was a : 
cassock with a rochet over it, a long white cloak, and white > 
belonged to the Premonstratensian Order of the A ine Monks, — 
They were brought into England shortly after 1140, and settled first at 
Newhouse in Lincolnshire. They had in England a conservator of 
their privileges, but were nevertheless often visited by their 
of Premonstre, who raised great contributions out of them, as the 
generals or foreign heads of the Cluniacs or Cistercians also did from 
their order, till restrained from it by the parliament of Carlisle, in the 
last year of Edward 1, 1307. They, however, continued under - 
jurisdiction of the Abbot of Premonstre and the general chapter of 
the order till 1512, when they were exem from it by a bull of P 
Julius IL., confirmed by King Henry VIIL, when the superiority of all 
the houses of this order in England and Wales was given to the ree 
of Welbeck, in Nottinghamshire. Tanner reckoned about thirty-five — 
houses of ‘ey order in England. (Tanner, Notit, Monast. ; Dugd., 
Mon. Angl, he 
WHITE FLUX. A substance used in metallurgical son 
a small scale. - It consists chiefly of carbonate of » and is — 
prepared by calcining bitartrate of potash (cream of tartar) with twice 
its weight of nitrate of potash. _ 
WHITE GUNPOWDER. A composition consisting of three parts 
of chlorate of potash, one of white sugar, and one of fi Qe 
of potassium. The i ients must be separately reduced to fine 
powder and then intimately mixed in a wooden mortar with a wooden — 
pestle, Its explosive force is much greater than ordinary gunpowder, 
and the ingredients may be kept separate until the powder is w 
which would prevent all danger of the accidental explosion of 
quantities. Its manufacture is, however, attended with conside 
risk, as it explodes by friction and ion, and several serio 
accidents have already resulted even from its preparation on a sm 


scale. Contact with a minute drop of sulphuric acid causes i 
instantly to explode. 
WHITE LEAD. [Lrap.] 


WHITE PRECIPITATE. [Merevry. White ipi 

WHITE SWELLING, a disease of the joints, so -on account 
of the unaltered colour of the skin. Under this term are includ 
nearly all those diseases of the jojnts which are the result of o 
inflammation in the bones, cartilages, or membranes constituting the 
joint. These inflammations are constantly attended with swelling 
which is circumscribed; the part is sometimes hard, resisting | 
pressure of the fingers, and thus leading to the impression that 
bone is swollen and diseased; or it may be elastic, and yielding 
pressure ; or so soft as to produce the impression of the p 
fluid. er epee omg are prscings no p 
times pain is one @ earliest symptoms, and is constantly | ‘ 
and aon aggravated by the motion of the limb, In some cases the 
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motions of the joint are but little impeded, whilst in others they are 
entirely destroyed. These general symptoms however admit of dis- 
tinction, and several forms of white swelling can now be traced to 
different parts of the joint as their seat. ‘ 

Amongst old writers these diseases have been described under the 


A 
and scrofulous, according as they were supposed to have their origin in 
a rheumatic or scrofulous state of the system. The more active were 
referred to the former and the chronic to the latter. Many other dis- 
tinctions are founded more upon the age, temperament, and constitution 
of the patient, than upon essential differences of the disease. The 
caer oe one Soros Whicks eee peng Seenatnatnd 


white swellings. 

1. Inflammation of the Synovial Membranes.—This disease may be 
either acute or chronic. When acute, the skin is generally red, and the 
joint very painful and tender. It commences with pain at one 
particular spot, and in a day or two after, swelling takes . The 
swelling may be felt at first to undulate, from the effusion of fluid into 
the membrane; but this becomes less evident as the disease advances, 
from the thickening of the membranes and also from the effusion of 
lymph. The swelling always assumes the form and direction of the 

~ synovial membranes. In a few days the disease subsides altogether 
or assumes the chronic form. en the inflammation is chronic 
from the beginning, the pain and tenderness are much less, so that the 
patient is able to walk it without much difficulty, There is little 
or no fever, the skin retains its natural colour, the swelling increases 
only slowly, and the symptoms are rendered worse by exposure to cold 
exertion. In these cases, although the effused fluid may at length 
become absorbed, the synovial membrane remains thickened, and 


swelling. In the progress of the disease abscesses form, having fistulous 
connections with the synovial membrane and the surrounding inflamed 
tissue. ‘As the cartilaginous tissue is renewed with difficulty, the 
most favourable termination of this disease is generally attended with 
anchylosis of the joint. 

In the treatment of this disease rest is essential; whatever moves 
the limb, affects the diseased cartilage. The limb may be placed in 
splints, or bandaged up with soap-plaster, or perfect quietude of the 
joint may be secured by M‘Intyre’s fracture-splint, which has the 
advantage of being easily removed for the purpose of making applica- 
tions to the part affected. Where the joint is hot, cold lotions and 
leeches may be applied ; but where it is cool, counter-irritants, blisters, 
issues, moxas, antimonial ointment, or croton oil, On the continent 
the actual cautery is recommended. For the swelling and rigidity 
which so constantly remain, relief may be sought in the cold douche, 
shampooing, or friction with the hand. 

4, Scrofulous Disease of the Joints, beginning in the Bones—At one 
time all white swellings were supposed to involve the bones, and this 
on account of the apparent enlargement of the bones of the affected 
joint. That this is not the case the existence of the above forms of 
disease proves, but even the fact on which the supposition was founded 
is not correct. So far from the bones being always enlarged in these 
cases, there are only a very few on record in which dissection has 
shown the bones to be enlarged. The bone has been supposed to be 
swelled from the hardness of the part and its size: but the former 
arises from the natural texture of the parts, and the latter is made to 
appear greater by contrast with the wasting diseased limb. But the 
bones are subject to disease which begins in their cancellous texture. 
The phosphate of lime is removed from them or deposited in less 
tity, and a yellow caseous substance is secreted in its place. The 


swelling and stiffness of the joint are the consequence, constituting a 
Yor seme form of white swelling. The causes of this disease are 
constitutional and local. It may arise rpemlgregiell oxen 
gout, rheumatism, syphilis, or mercury; or it may ry 
, contusions, ‘hiade: dislocations, or fractures of the heads of 

The treatment of this disease must according as it is acute or 
chronic, or dependent on local or constitutional causes. In the acute 
and local form of the disease perfect quietude must be insisted on, 
cupping and leeches to the part should be had recourse to, with saline 
purgatives and diaphoretics. When the skin is tense, fomentations 
and poultices may be used; but where not, cold lotions will be best. 
In the early stage of the chronic form, leeches and cold lotions to the 
part may be applied and perfect quietude enjoined. In the latter 
stages, counter-irritants may be used, such as blisters, the savine cerate, 
ointment of tartarised antimony, &e. When ms are well enough 
to move about, the joint should be kept from movement by strapping 
it with soap-plaster, or covering it with a bandage or a cap of leather 
or other material made to fit tight. Bathing with cold salt water, or 
‘pouring on the part cold water may be recommended. For the 
removal of the stiffness, shampooing, the vapour-bath, or friction with 
the hand, may be employed. en the inflammation arises from 
rheumatism or syphilis, the treatment should be the same as for those 


2. Pulpy Thickening of the Synovial Membrane.—This disease 
occurs in young persons between the ages of sixteen and 
twenty-five, and is mostly confined to the knee-joint. There is not 


that seems to offer success is perfect 


quietude of the joint, w! may be secured by pasteboard or other 
splints, or by soap-plaster. The health should be attended to, 
and local applications made ing to the symptoms. Inflammation 


should be subdued by leeches, and gentle counter-irritants may be 
kept constantly appli . 

3. Ulceration the Cartilages.—This disease oceurs chiefly in 
children or adults under the middle a It is frequently a conse- 
quence of the preceding diseases, but o oceurs alone, although in 
its progress it may involve the whole joint. The joint in which it is 
most frequently seen is the hip, producing the greater amount of the 

_ diseases known by the name of hip-joint disease. When it occurs in 
the knee, it differs from inflammation of the synovial membrane by 
the pain at the commencement of the ae ok slight, and its 

ing on increasing in intensity. The pain is present sometimes 
Sore five weeks before any swelling is perceived. The swelling, 
when — does gee arises from i : ion of by ap tba Faas 
side iy often appears much larger it ly is, from 
the of the leg from want of use. In many cases an 
effusion takes place into the synovial membrane and increases the 


-should be immediately abandoned when that activity ceases. 


q 

heads of the bones are altogether weakened and softened, and deposits 
of bony matter of an irregular form are found on their outside. 
Whilst this change is going on the patient experiences pain; the knee, 
which is the joint it most commonly attacks, swells; the motions of 
the joint are affected, and it becomes more or less contracted, so as to 
prevent it being straightened. In the course of time matter is formed 
in the cavity,and makes its way out by ulceration through the synovial 
membrane, or abscesses form on the outside of the joint. Sometimes 
sinuses occur, and run to a considerable extent from the joint under 
the fascia, or between it and the skin. 

This condition of a limb is generally connected with a scrofulous 
constitution, and the more decided the scrofulous disposition, the more 
difficult will the disease be to treat. However, whatever may be the 
state of the constitution, this-must be attended to primarily in the 
treatment of these cases, [Scroruna.] The local treatment must be the 
same as for other cases of whiteswelling. Qtietude of the joint should 
be secured on some of the plans previously proposed ; and as there isa 
constant tendency to anchylosis, care should be taken if possible that 
the anchylosis occurs in a position most convenient for using the limb. 
Counter-irritants will be found of great utility in these eases, such as 
blisters, antimonial ointment, and croton oil. Care, however, must be 
taken that they are not employed whilst there is a tendency to inflam- 
matory action ; and, on the other hand, the means that are employed, 
such as leeches, cold lotions, &c., for an increased activity of the ‘parts 

en 
the morbid process has arrested, shampooing, friction, and 
pouring water on the part from a height, should be had recourse to 
for the purpose of strengthening it. The abscesses which form in 
these cases should be opened early ; if left to themselves, they often 
leave ulcerations which are difficult to heal. 

(Cooper, First Lines of Surgery ; Surgical Dictionary ; Brodie, Patho- 
logical and Surgical Observations on Diseases of the Joints.) 

WHITE VITRIOL. [Vrrrior.] pe 

WHITING. An impure carbonate of lime, prepared by grindi 
and then washing chalk, so as to separate the coarser ios etn 
ae from the lighter and finer ones, which latter are then col- 

ected into masses and dried. 

WHITLOW is an inflammation affecting the phalanges of the 
fingers, and generally proceeding to suppuration. The part attacked, 
however, is not contined to the fingers; the same disease may also 
appear in the toes. Paronychia and Onychia are terms which are used 
to express the same disease. Surgical authors describe several forms 
of whitlow, or paronychia, according to the textures which the inflam- 
mation attacks. Thus it may be situated in the skin, the cellular 
tissue under the skin, the tendons or theca of the fingers or toes, in 
the periosteum, or it may be seated in the cellular tissue under the 
nail. When the inflammation is confined to the skin, vesicles a: : 
which bag advance to suppuration, and the case requires ttle 
attention. hen the subcutaneous cellular tissue is affected, the case 
is more serious, though it seldom extends : there is throbbing pain of 
the part, and there may be severe constitutional disturbance, and 
suppuration is a less or greater length of time in taking place. The 
whitlow under the nail differs from this form only in situation. In 
these cases only the cellular tissue under the cutis is affected, and no 
great danger or mischief is to be apprehended from the whitlow. 

hen, however, the inflammation extends to the tendons, periosteum, 
and bone, then the symptoms are very severe; and by extending from 
the finger affected, up the arm, and involving a large extent of surface, 
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fatal consequences have sometimes been the result. The commence- 
ment of this form of whitlow is indicated by & burning, shooting, 
throbbing pain of the finger, with a varying degree of constitutional 
disturbance. Sometimes the febrile symptoms are very violent ; and 
when the arm is involved, delirium and other alarming symptoms come 
on. At first there is no perceptible change in the part affected: at 
length, however, slight swelling comes on, which may extend up the 
arm, even to the axilla. In these cases a small quantity of matter is 
collected under the flexor tendon of the finger, or under the periosteum, 
in which latter case the bone is mostly affected with caries, _ 

Whitlows may be caused by some external injury, such as a prick 
from a needle, pin, thorn, or other pointed object, or they may arise 
spontaneously. The latter not unfrequently occurs in young persons 
who are apparently in a good state of health, 

In the treatment of whitlow the inflammation can rarely be subdued 
before it proceeds to suppuration, It may however be tried, and cold 
lotions and local bleeding, with general antiphlogistic treatment, will 
sometimes subdue the inflammation. When matter is formed, the 
best thing that can be done is to get rid of it as soon as possible, and 
this must be done by cutting down quite upon the seat of inflammation 
and pain. When matter is formed, ease is immediately given by its 
being discharged ; and even should an incision be made before suppura- 
tion has taken place, it will alleviate the symptoms. Where matter is 
formed extensively under the tendons, free incisions should be made 
wherever it is collected. Where caries of the bone exists in whitlows, 
it may be sometimes a question as to whether amputation is not the 
most effectual treatment. Where whitlow occurs under the nail, 
the matter may be discharged either by an incision under the nail 
from the side, or by scraping the nail and making the incision from 
above. 

WHITSUNTIDE is probably a contracted form of White Sunday 
tide or time. In the early ages of Christianity the favourite seasons 
for administering the rite of baptism were Easter Sunday, the anni- 
versary of the resurrection of Christ, and Whitsunday, that of the 
Jewish feast of Pentecost, when the apostles were “ baptised with the 
Holy Ghost and with fire,” and they themselves commenced their 
public ministry by baptising three thousand persons. As emblematic 
of the spiri purity which the rite of baptism is supposed to confer, 
those is! received it were clothed in white, and the day is hence con- 
jectured to have received its name of White Sunday (Dominica alba). 
Other etymologies more remote and less probable have been given. 
The rite of baptism was performed in early times on Easter Sunday eve 
and Whit Sunday eve, that is, on the preceding Saturday evening, when 
there was a special ceremony of hallowing the font. In a volume of 
manuscript homilies in the Harleian Library, in the British Museum, 
No. 2371, it is stated, that “in the begynnyng of holy chirch, all the 
children weren kept to be crystened on thys even, at the font hal- 
lowyng; but now, for enchesone that in so long abydynge they might 
dye without crystendome, therefore holy chirch ida to crysten 
at all times of the yeare; save, eyght dayes before these evenyns, the 
chylde shalle abyde till the font hallowing, if it may savely for perrill 
of death, or ells not.” 

Our ancestors seem to have indulged to excess in the season of 
Whitsuntide in all kinds of exercises and amusements, for which many 
of the parishes provided the needful stimulus, and out of which they 
claimed their due share of profit: for this purpose a house or barn, 
which was called the church-house, was set apart, and a quantity of 
ale was brewed, which was called Whitsun Ale, or Church Ale, and 
was sold to the parishioners who came there to feast and drink, and 
gamble, and the profits were applied to the repairs of the church, and 
sometimes to charitable and other purposes. 

(Brady's Clavis Calendaria ; Strutt’s Sports and Pastimes by Hone ; 
Brand's Popular Antiquities, by Ellis.) 

WIFE; HUSBAND and WIFE. Many of the legal incidents 
attached to the relation of husband and wife, or, as they are called in 
our law books, Baron and Feme, have been already noticed under their 
several heads: the mode of contracting the connection may be found 
under Marriage, and of dissolving it, under Divorce; the provision 
for the wife out of her husband's real estates, made by the common 
law and modified by statutes, is treated of under Dower; and the 
right derived from the same source by the husband to a life interest in 
his wife's real estate if he survives her and has had a child capable of 
inheriting, under Courtesy or EnoLanp; the voluntary provision 
which may be made for the husband, the wife, and the offspring of the 
marriage, is discussed under SerrLement and Jorsturg; and the 
nature of the property which the wife has, if not independently of her 
husband, concurrently with him, is described under ParRaPHERNALIA 
and Serarnate Prorgrty, The article Parent ann Cxuiip shows what 
little right the law has conceded to the wife with regard to the children 
of the m It is, therefore, only necessary now to give a 
general sketch of the subject, so as to bring the separate parts under 
ge view, and to supply such information as may not yet have been 

ven. 

The common law treats the wife (whom it calls a feme covert, and 
her condition coverture) as subject to the husband, and gives him 
leave to exercise over her reasonable restraint, and it has been said to 
inflict on her moderate chastisement. The wife may now, however, 
obtain security that the husband shall keep the peace towards her. It 


excepting in the exercise of a power, devise lands to her husband or to 


looks on the husband and wife in most respects as one pranks : 


only one mind or will, which is exercised by the hus! 


husband shall have abjured or been banished the realm; or she 

obtained a judicial separation, or protection for her earnings, in con- 
sequence of his having deserted her; or unless where, by i 
customs, she is permitted to trade alone, as in London; but 
here the husband should be joined as defendant by way of A 
though execution will issue against the wife alone, For injuries to 
the wife’s person or property the remedy is by a joint action, 
times by the separate action of the husband. Hence again 
can they not in any case, by the common law, contract with or sue — 
one another; but eom made between them and all debts 4 
tracted towards each other when ep (unless those made in consi- 


common law by their union. 
debts due from the husband to the wife in a representative c 
as administratrix or executrix, for instance. They cannot make gra: 
one to another to take effect during the joint lives; nor can the 


to be enjoyed by her after his death. They can give evidence, 
touching one another, except in criminal cases, or i a 
out of or relating to adultery. In criminal prosecutions, however, 
founded on injuries committed by either party on the person of the — 
other, the injured party may (ex necessitate rei) be a witness. Neither 
can rob the other in the contemplation of law. The property of © 
both is, with some modifications, liable to the debts of either, and wi 
the person of his wife the husband takes the liability to her debts con- 
tracted before marriage ; but those debts are only recoverable during 
the wife's life. If she dies before him, he is relieved from that re- 
sponsibility, whatsoever fortune he may have had with her, a 
that he must apply to the discharge of such debts any assets which are 
received by him as his wife’s administrator. As the law considers the 
wife to be under the perpetual control of her husband, it relieves her 
from responsibility for offences short of murder and high treason com- 
mitted at his instigation—the evidence of that instigation being his 
presence during the commission of the offence, For the same reason 
all deeds executed by her are void; unless in fulfilment of powers 
vested in her or under the guarantee of certain solemnities to ensure 
her free agency. A disposition by a woman of her property after the 
commencement of a treaty for marriage, without the privity and con- — 
currence of her intended husband, is deemed by courts of equity to be 
fraudulent, and will be set aside after the marriage as an Brey by her 
. . 4 


any other person ; but the husband may devise to his wife property 
lowever, 
arising 


husband; a will made before is also revoked by su 
sequent marriage of the party making it. [WILL AND TestaMENT,] _ 

This legal identity cannot be dissolved, whether in the of the 
civil or ecclesiastical courts, by any voluntary act of the parties. Thus 
no deed of separation, unless it contains an immediate and certain pro- 
vision for the wife, and no advertisement or other public notification 
will relieve a husband from the liability to provide his wife with 
necessaries fitting to her rank in life (the question of fitness being 
decided by a jury), or consequently from the duty of paying the debts 
pciadranhet for such necessaries, if she has been driven tee his house 
by his misconduct. On the other hand, a wife cannot recover at law 
from her husband from whom she lives apart any allowance which he 
has contracted with herself to pay her in consideration of the separa- 
tion, if he desires that their union should be renewed. Nor again isa 
deed of separation a sufficient answer to a suit promoted by either — 
party for restitution of conjugal rights ; far less is it an answer to the 
charge of adultery committed either before or after separation. (Hag- — 
gards ‘ Consistory Reports,’ i. 143.) « 3 

But this union may be dissolved, when sought for, bond fide, by 
either without collusion with the other, as a remedy for that 
other’s conjugal offences [Drvorce]; and the dissolution relieves the 
husband of his responsibility for his wife's debts contracted after the 
decree is pronounced, or, in case of his wife’s adultery, contracted 
after the discovery of the adultery and the consequent on; for 
if no separation takes place, or if the husband abandons his usual — 
residence to his wife and her paramour, he will be liable to debts con- 
tracted by her with tradesmen ‘who are ignorant of the facts. So too, — 
by the common law, a husband is not liable for the debts of his wife 
contracted after she has quitted his house without sufficient cause, and — 
he has given particular notice to the tradesmen that he will not pa; 
her debts. Still less is he liable for debts contracted while she is 
living in open adultery. On the other hand, where the separation or 
divorce is obtained by the wife on account of the cruelty or adultery 
of her husband, the court continues on him the duty of maintaining 
her (if her separate pro will not enable her to live according to 
her raul bee) b-¢ ing him to make her an allowance propor- 
tionate to his means. [ALDony.] The common law recognises this 
right of the wife in such circumstances to an allowance under a 
name of her estovers ; and grants her a writ for the recovery of them ; 
but this remedy is now never resorted to, m 

Such is the general and leading principle of the common law; but 
this supposed identity of person, of interest, and of property by no 
means involves equal rights, ; 
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theory of the law is, that the husband has over his wife’s 
personal property absolute control, and over real pas aig et control 
modified partly by the rules of descent, partly by statute, 
a isi courts of equity, which always lean to the 

and the maintenane= of any contract 

by her husband or others, fur her benefit, 


the husband for injuries done by the latter to ,her 
the recovery of rights withheld by him. To this end 
the Statute of Uses, as giving the wife, by the inter- 

of trustees, independent rights to property and control over it. 
us although ey pera hy ede rile husband, she 
may avail herself of such a grant by him to trustees for her benefit, 
and generally she may take by devise and by descent directly ; and by 
settlement, or by grant through the intervention of trustees; she may 


boca Seah wolease Again, the a Lowes ie 
not personal property (excepting paraphernalia), 
but or leasehold interests; yet if a settlement has 
on her expressly in consideration of her fortune, those 
personal property which consist of securities for money 
ial contracts, and her chattels real, survive to herself, pro- 
securities haye not been realised, and the chattels real have 

ing his by her husband; to arrears of rent 
the wife’s separate estate, the husband is, however, entitled by 
82 Henry VIII. c. 37. [Cuoses 1x Action.) Nor does the 
settlement deprive her of this right with regard to things in action 
acquired subsequently to the execution of the settlement, unless it 

usband 


Hf 
a 
i 


i 
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purpose of redu so Saag are ae 
require him to on asettlement proportionate to the benefit 
which he derives. Usually one-half of the fund is settled upon the 
wife and children, but the court takes all the circumstances into con- 
sideration, i whether any settlement al exists, The 
adultery of the wife deprives her of her equity (unless she has been a 
ward of court married without the consent of the court); but her 
delinquency will not induce the court to vest the whole of her pro- 
perty in her husband, because he does not maintain her. The court 
i pone meseecgerk for the benefit of the survivor and the 
i On the Landen caha Of tkecandtly ob tke Seahand or 
his desertion of his wife, the court will award to her and her children 
not only the whole principal, but the interest of the property in 
question. On the same principle, if the husband is insolvent, the court 
eget ee wife out of her trust tye Bay allowance usually 
equal to 

husband 


half the proceeds of that property. interest which the 

takes in his wife’s real estate of which she is seised in fee 
vests the profits in him during her life, but it gives him no power over 
the inheritance, By the common law a husband might alien his wife’s 
real estate, or lease it for her life or that of the tenant, and she was left 
to her remedy if she survived him, or her heir at law had his remedy if 
the survived ; if they neglected that remedy, the alienation 
by the husband was good; but by the 32 Henry Ville. 28, the wife 
or her heir may enter and defeat the husband's act. By that statute 
the lease of lands held by a man in right of his wife, or jointly with 
her, is good against husband and wife if executed by both; the lease 
may be for years or for life, but it must relate to land usually leased, 

must 0 
e 


it ot be by anticipation or in consideration of a fine; it must 
reserve a fair ly rent to the husband and wife; and the husband is 
restricted from aliening or di ing the rent for a longer term than 

i Deneerss | the “ receives rent after her husband's 
pon any estate improperly granted by him, she con- 
A wife’s copyhold estates are forfeited. 


The husband may mortgage his wife’s real property during their 
joint lives and during his life in addition, if he survives her, and become 
tenant by the courtesy; if the wife joins in that mortgage, and recog- 
nises it after her husband's death, she will be bound by it; but she 
may, if she thinks fit, repudiate it. Before fines were abolished, her 
levying a fine rendered a mo: a good security against her and her 
heirs; and since the act abolishing that form of assurance, a deed 
acknowledged by her as the act prescribes effects the same object. 
(Five or Lanps.] A mortgage [made by a wife of her estate for the 
sole benefit of her husband, and not to discharge a debt of her own, 
gives her a right at equity to ape aces out of his assets, 

Such are the principal rights which a husband acquires in his wife's 
property, and the limitations of those rights. On the other hand, the 
common law gives to her if she survives him an estate for life ina 
pert ghee en aes of ae itance ame was solely seised of 

i Inarriage, as any children of the marriage might pos- 
sibly have inherited. [Dower.] That right of dower may be forfeited 
in various ways, and it may be defeated by a provision for her, made 
before marriage, in the shape of jointure, [JomtuRE.] Since the 
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stat. 3 & 4 Wm. IV. c. 105, in marriages subsequent to 1st January» 
1834, dower does not attach unless the husband died possessed ; and it 
does accrue on estates disposed of by the husband during his life or by 
will, while it may be defeated by a declaration of the husband by deed 
or will, that his estates are not to be subject to dower. 


The Statute of Distributions (22 & 23 Car. II. ¢. 10) gives to the ~ 


widow of an intestate husband (if her claim has not been barred by 
settlement) one-third of his personal property where there is issue of 
the marriage living, and one-half where there is none. Marriage 
reyokes powers of attorney previously granted by the wife, and dis- 
ables her from granting them; but it does not disable her from 
accepting such a power, or from acting on one granted to her before 
coverture. She may too be attorney for her husband. She cannot 
bequeath her personal estate by will unless under a power, or with the 
consent of her husband. 

The separate property of the wife has been already treated under 
that head. [Separate Property; Prin-Money.] 

There remains only the separation of husband and wife; which may 
be by deed or by decree of the Court for Divorce and Matrimonial 
Causes. The ecclesiastical courts considered all deeds of separation 
and all covenants in the nature of such deeds to be void. The courts 
of law, however, not only have supported such deeds against the 
husband, but have enforced a covenant made by him with his wife's 
trustees to pay her an annuity as a separate maintenance in the event 
of their future separation, with the approbation of the trustees. But 
courts of equity will not interfere to enforce such deeds, though by a 
strange inconsistency they will enforce the husband’s covenant for a 
separate maintenance if made through the intervention of trustees, 
and indeed in certain rare cases if made between the husband and wife 
alone. Nor is the adultery of the wife a sufficient answer to her claim 
to the separate maintenance, The se ion by decree is either a 
judicial separation or a divorce. A wife when deserted by her husband 
may obtain an order to protect her earnings from him or his creditors, 
and she will then be able to contract as if she were a feme sole. But 
when the desertion of the husband extends over a period of two years, 
or when he treats her with cruelty, or commits adultery, the wife may 
obtain a judicial separation. [Seraration.] When, again, the hus- 
band commits incestuous adultery, or to adultery adds the crimes of 
bigamy or rape, cruelty or desertion for two years, or is guilty besides 
the adultery of an unnatural offence, the wife may obtain a dissolution 


of the marriage. [Drvorce.] 

WIFE. (Scotland.) The moveable or personal estate of a husband 
and wife is under the administration of the husband ; according to the 
phraseology of the law it is called “ the goods in communion,” because 
on the dissolution of the marriage by the death of either party it falls 
to be so divided that if there be issue of the marriage a third, and if 
there be no issue a half, goes to the nearest of kin or to the legatees of 
the deceased, whether husband or wife, the remainder being the pro- 

rty of the survivor. During the continuance of the marriage the 
bistends right as administrator is in all respects equivalent to the 
right of a proprietor, and whether the common property has been 
acquired by himself or by the wife, it is entirely at his disposal, in so 
far as that disposal is intended to have effect during his lifetime. His 

ight of bequeathing it is limited by the Scottish law of succession. 
1Lu.] As the husband has the administration of the wife's property, 

e is responsible not only to the extent of the goods in communion, 
but personally, for the wife’s obligations, whether contracted before or 
after marriage. No suit can be brought against a married woman 
unless the husband be made a party. The wife cannot of herself enter 
into a contract exigible by execution against the goods in communion 
and the person of her husband, unless in certain cases infwhich by 
general law or by practice she holds an agency. To this effect she is 
preposita negotiis domesticis, and whatever debts she incurs for house- 
hold purposes are debts against: the husband; but the husband may 
discharge himself from responsibility for debts so incurred by obtaining 
an “inhibition” against her. A wife's agency may be extended like 
that of any other agent; but it does not extend, without special autho- 
rity, to the borrowing of money. 

Heritable property (a term nearly equivalent to that of real property 
in England) belonging to either party is in the administration of the 
husband. He can however grant no lease of his wife’s heritable pro- 
perty, to last beyond his own life, without her concurrence. On the 
other hand, from the date of the proclamation of the banns all deeds 
granted by the wife are null if they do not bear the husband's concur- 
rence, His right of administration, including the necessity for his 
concurrence in the wife’s deeds, may be excluded by his resigning his 
jus mariti in an antenuptial contract of marriage, or by the special ex- 
clusion of the jus mariti in the title of any estate conveyed to the wife. 
Every deed executed by a wife is presumed to have been executed 
under the coercion of her husband, and may be set aside unless the 
wife ratify it by oath before a magistrate. 

A separation of- married parties may take place either by judicial 
interference or voluntary contract. Personal violence or acts physi- 
cally or morally injurious on the part of the husband, will justify a 
judicial separation at the suit of the wife, in which an alimentary 
allowance is awarded to her proportioned to his means, A voluntary 
separation may take place by mutual agreement, but in such a case an 
alimentary allowance will not be awarded unless it has oe 


915 WIFE, ROMAN, 


for. The husband whose wife is either judicially or voluntari - 
rated from him ceases to be responsible for the debts incurred by 
after the date of the separation. Her own property is liable to execu- 
tion for her obligations, but not her person, unless her husband be 
living out of Scotland, in which case it has been decided that a wife 
transacting business on her own account is liable to diligence against 
her pergon, or arrest and imprisonment. The husband has the uncon- 
trolled custody of the children of the marriage during pupillarity, The 
court of session will interfere for their protection in the case of their 
personal ill-usage, or of danger of contamination, but not on the ground 
ofa ial estate being settled on a child by = Shlee pee 

On the dissolution of a marriage by the death of either party, an 
anterior question to that of the distribution of the property is, whether 
the marriage was permanent, A permanent marriage is one which has 
lasted for a year and part of a day, or of which a living child has been 
born. In the case of dissolution by death of a marriage not permanent, 
there is a question of accounting, and the property of the parties is, as 
nearly as circumstances will permit, so distributed as it would have 
been had no marriage between them been solemnised. In the case of 
@ permanent marriage, the moveable property is divided as above 
stated, the survivor getting a half, if there is no issue, and a third if 
there is issue. Of any real property in which a wife dies infeft, if 
there have been a living child born of the marriage, and if there is no 
surviving issue of the wife by a former marriage, the widower enjoys 
the life-rent use; this is called “ the courtesy of Scotland.” A widow 
enjoys the life-rent of one-third part of the lands over which her 
husband has died infeft, by way of “ Terce.” The distribution of the 
property, personal or heritable, may be otherwise by ante- 
nuptial contract, or equivalents to the property to which a party would 
succeed may be made by the settlements of the deceased. 

On the dissolution of marriage by divorce, the offending party forfeits 
whatever provisions, legal or conventional, he or she might be entitled 
to from the marriage; and the innocent party, at whose instance the 
suit of divorce is brought, retains whatever benefits, legal or conven- 
tional, he or she may have become entitled to by the marriage. It 
follows that when the divoree proceeds at the suit of the wife, she 
obtains, at the date of the decree of divorce, the provisions which, as 
above, she would be entitled to on the death of her husband ; and that, 
on the other hand, if the suit be at the instance of the husband, the 
wife not only loses her right to such provisions, but forfeits to the 
husband whatever property she may have brought into the goods in 
communion, 

WIFE, ROMAN. [Marrise, Romay.]} 

WILL. [Free-W111.}, 

WILL AND TESTAMENT. Before the passing of the 32 Hen. 
VILL. c. 7, commonly called the Statute of Wills, and the 34 & 35 
Hen. VILL c, 5, there was no general testamentary power of freehold 
land in England, but the power of making a will of personal property 
appears to have existed from the earliest period. Yet this power did 
not originally extend to the whole of a man’s personal estate; but a 
man’s goods, after paying his debts and funeral expenses, were divisible 
into three equal parts, one of which went to his children, another to 
his wife, and the third was at his own di If he had no wife or 
no children, he might bequeath one half, and if he had neither wife 
nor children, the whole was disposable by will (2 Bl. ‘Comm.,’ 522, 
Mr. Kerr's edit. ; Fitzherbert, ‘ Nat. Brev.,’ 122). The law, however, 
was gradually altered in other parts of England, and in the province of 
York, the principality of Wales, and in the city of London more lately 
by statute, so as to give a man the power of bequeathing the whole of 
his personal property. At present by the 1 Vict, c. 26, for the amend- 

ment of the law with respect to wills (whereby the former statutes 
there enumerated, with respect to wills are repealed, except so far as 
the same acts or any of them respectively relate to.any wills of estates 
pur autre vie to which this act does not extend), it is enacted that it 
chall be lawful for every person to devise, bequeath, and dispose of, 
by hia will, executed as required by that act, all real and personal 
estate which he shall be entitled to either at law or in equity at the 
time of his death. Great alterations have been introduced into the 
law of wills by this statute; but as it does not extend to any will 
made before the Ist of January, 1838, it is necessary to consider the 
law as it stood previous to the act, 

In general all persons are capable of disposing by will of both real 
and personal estate who have sufficient understanding. The power of 
the king to make a will is defined by the 39 & 40 Geo. III. c. 88, 8, 10. 
By the former Statute of Wills, married women, persons within the 
age of twenty-one years, idiots and persons of non sane memory, were 
declared incapable of making wills of real estate. These disabilities 
also applied to a bequest of personal estate, except that infants of a 
certain age, namely, males of fourteen and females of twelve, might 
dispose, by will, of personalty; and that by the 12 Car. IT. ¢. 21, 5, 8a 
father under twenty-one might, by a will attested by two witnesses, 
appoint guardians to his children. But, by the second section of the 
Wills Act, no will made by any person under the age of twenty-one 
years is valid; and no will made by any married woman is valid, 
except such a will as might have been made by a married woman 
before the ing of the new act. The disability of a married woman 
is not absolute. She may make a will of her | property if her 
husband consents to that particular will, and it will be operative if he 


survive her. The validity of a lunatic’s will poets co the; 
aaa a ae eto ill, b accemanan yo 
to be incapable o ing a will, but [ 
be rebutted by evidence. Blindness and deafness alone do not 
incapacity. Devises of lands by aliens are at least voidable, 


by special custom, could in general be only by means of a st ‘ 
render to the use of a will, By the 55 Een iL c, 192, the want of a | 
surrender was supplied in cases where it was a mere form, but the act 
did not apply to cases where there was no custom to surrender to th 

use of a will, nor to what are called customary frecholds. <A de 
or surrenderee of copyholds could not devise before admittance, thi 
an heir-at-law might. Conditions were not devisable, nor were ri 
of entry or action, nor contingent interests when the 
was not ascertained: lands acquired after the execution of 


to 
whom devises or bequests may be made, except under } 
Hen. VIIL. c. 5, which forbids devises of lands to bodies politic an 
corporate. Exceptions to this statute have been introduced by 
43 Geo, III. e. 107, and 43 Geo, III, c. 108, which authorise ae 
lands to the governors of Queen Anne’s Bounty, and for the « 
or repair of churches or chapels, the enlargement of ch ‘ 
= the residence * ae ees — i aos poe ty de ani 
ienage cannot be properly an i ity to Vise, AB 
the devised lands remain in the alien till office found, when robes Sd - 
in the crown. By the 9 Geo, II. ¢. 36, no lands or personal estate to 
be laid out in the purchase of or charged on land can be —— i 
charitable use by way of devise, [MonrrTmatn.] By the 40 Geo. I 


ears after the death of the settlor, or during 
AccumvuLatIon]; and by what is called the rule against 


more than a life or lives in being, and twenty-one years afterwards, = 
Before the 1 Vict. ¢. 26, wills of personal estate might even be nun+ 
cupative, that is to say, might be declared by the testator 
writing before witnesses, provided they were made in co i : @ 
the directions contained in the 19th section of the Statute of ads 
(29 Car. IL. c. 8). A will of freehold lands of inheritance was red 
to be executed in the manner prescribed by the 5th section of the 
Statute of Frauds, which required it to be signed by the party devising, 
or by some other person in his presence and by his express direction, 
and to be attested and subscribed in the presence of the devisor by 
three or more credible witnesses, The term “credible,” which gave 
rise to much discussion under the old law, is omitted in the 1 Vict.c. 
26, and it is enacted in the 14th section that no will is to be void or 
account of the incompetency of any attesting witness. By the Toth a 
section gifts to attesting witnesses or their wives or husbands are _ 
declared void. This is an extension of the 25 Geo. II. c. 26, which — 
related only to wills which at that time required the attestation of 
witnesses, that is to say, to wills of real estate. The words as to wives 
or husbands are new. ‘The signature of the testator was not required — 
for the validity of a will of personalty or of copyholds, whether the 
instrument was in his own hand-writing or in that of er. But by 
the 9th section of 1 Vict. c, 26, no will, whether of real or < 
estate, is to be valid unless it be in writing, and signed at the foot or 
end by the testator or by some person in his presence and by his 
direction; and such signature must be made or acknowledged by the — 
testator in the presence of two or more witnesses present at the same — 
time, and such witnesses must attest and subscribe the will in the 
presence of the testator, but no particular form of attestation is neces- 
sary. Section 10 enacts that all appointments made by will are to be — 
executed in the manner above prescribed, and are to be valid when so 
executed notwithstanding the non-observance of any other ceremonies 
required by the power ander which the appointment is made, By the 
11th and 12th sections, it is declared that the act is not to affect the 
wills of soldiers on actual service, or of mariners at sea, which are to 
remain subject to the particular provisions made them by 
the 11 Geo, IV, and 1 Will. IV. ¢. 20, Questions formerly arose as 
what was a publication of a will, but section 13 of 1 Vict. ¢. 26 enacts — 
that no other publication shall be requisite than execution in 
manner a f 1 of lands fn repuilated by i 
It is the rule in England, that a will of lands is be 
law of the country in which the lands are. The place where andthe — 
language in which such a will is written are unimportant: the localit 
of the lands is the only point to be considered. A will made in Fran 
and written in French, of lands in England, must contain ‘ 
which when translated into English would properly desi 
lands in question, and must be .executed according to the forms — 
required by the English law. Lands in England which belong to an — 
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in England. Cases sometimes arise in which it is difficult to 
determine what was the domicile at the time of the death of the party, 
uently what rule is to be followed in the distribution of 
estate. Ifan Englishman domiciled abroad has real pro- 
in England, he ought on account of the difference of the doctrine 


ee re eres robe): Wy ae oro Wiles one duly 
according to the English law for devising his real estate, and 
another framed according to the law of his domicile for the disposal of 


ad er ott ment. It was an established rule of law 
a feme sole was revoked by her marriage, but marriage 
alone was not considered a revocation of the will of a man; though 
marriage and the birth of a child, whom the will would disinherit, 
were admitted by the courts to have that effect, on the 


the testator’s situation, that it could not be presumed he could intend 
to continue unchanged. By 


aj when the real or personal estate thereby appointed would 
not, in Songun permanence: gaghe cr heir, personal mtative, 
or next of kin of intor, And by the 19th section no will is 
to be considered as revoked by any presumption of intention on the 
ground of an alteration in circumstances. By the 20th section no 
will or codicil is revocable except as above mentioned, or by another 
will or codicil executed in the manner required by the act, or by a 
 Beeonige ee ico revoke, executed in the same manner, 
or ing, tearing, or otherwise destroying the will by the testator 
himself, or by some other person in his presence, and by his direction, 
with to revoke. By the 21st section no obliteration, interlinea- 
tion, or other alteration made in any will after execution is to have any 
effect, except in so far as the words or effect of the will previous to the 


have been signed by the testator in presence of the witnesses, but they 
were not required to sign in his‘presence. This inconsistency is now 
removed. 21st section alters the law as to the effect of oblitera- 


prevent 
oe sata! cone sea at the time of his death: and by the 
24th section every will is to be construed with reference to the real 


original 
1 Vict. c. 26, a devise of lands could only be republished by signature 
and attestation by three witnesses, while with respect to copyholds and 
personalty a will might be republished without any fo: execution, 
and even by the mere parol acts and declarations oft the testator. 
The section of the act abd that no will or codicil, or any 
part thereof, which shall have in any manner revoked, shall be 


* revived otherwise than by the re-execution thereof, or by a codicil 


executed in manner He Sa by the act, and showing an intention to 
revive the same; and when any will or codicil which shall be partly 
and afterwards wholly revoked, shall be revived, the revival is not to 
extend to such parts as had been revoked before the revocation 
of the whole, unless a con intention appear, Under the old 
law, if a second will or codicil which revoked a former will was 
afterwards cancelled, the first, if it had been kept undestroyed, was 
held to be revived. It had previously been determined (4 Ves., 610) 
that a subsequent codicil, merely for a particular purpose and con- 
firming the will in other respects, did not amount to a republication of 
parts of the will revoked by a former codicil. This section extends 
the doctrine to the case where a will had been first partially and after- 


wards wholly revoked. 
Estates or interests in property created by way of executory devise 
or bequest, that is to say, such as are made expectant on the rmi- 


nation of prior estates in the same property, may be, like estates 
created by way of remainder in a deed, either vested or contingent. 
So far as depends upon the nature of the limitations themselves, the 
same rules are in general applicable to executory devises or bequests as 
‘to remainders ; but testamentary instruments are not construed with 


the same strictness as deeds, and in determining the question of vesting 
or contingency, many considerations, depending on expressions in the 
will or other circumstances appearing upon the face of it, are admitted 
as affording presumptions of the intention of the testator. It is im- 
possible here to give any enumeration of the numerous rules which 
have been laid down on this subject, and which are of course liable to 
be modified according to the circumstances of each particular case. It 
may however be observed generally that when a future gift is preceded 
by a gift of the immediate interest, it is to be presumed that the enjoy- 
ment only is postponed, and that the future gift is vested in interest; 
whereas when there is no gift of the immediate interest, the contrary 
presumption obtains : and again, that when the enjoyment of a gift is 
postponed, not on account of circumstances personal to the object of 
the gift, but with a view to the circumstances of the estate, the gift is 
to be presumed vested. With respect to pecuniary legacies, some dis- 
tinctions, borrowed from the civil law, are admitted which have no 
place as to realestate. One of these distinctions is that where futurity 
is annexed to the substance of the gift, the vesting is in the meaf time 
suspended: but where the time of payment only is future, the legacy 
vests immediately. If however the only gift is contained in the direc- 
tion to pay, this case is to be ed as one in which time is annexed 
to the substance of the gift. When a future gift of a principal sum is 
coupled with a gift of the interest in the mean time, a strong presump- 
tion exists in favour of vesting. It is generally considered that a very 
clear expression of intention must exist in order to postpone the vest- 
ing of residuary bequests, on the ground that intestacy may often be 
the consequence of holding them to be contingent. 

Great changes have been introduced in the law, as to the interpreta- 
tion of wills the above-mentioned 24th section of the act, which 
declares that wills are to be construed to speak as if they were executed 
immediately before the death of the testator, and by the six following 
clauses, @ 25th section enacts that, unless a contrary intention 
appear on the will, a residuary devise shall include all. estates com- 
prised in lapsed and void devises. This alters the former law, whereby 
such estates devolved on the heir. The 26th clause enacts that a 
general devise of the testator’s lands shall include copyhold and lease- 
hold as well as freehold lands, unless a conti intention appear. 
This also effects a considerable alteration in the law of devises. 
Formerly neither co; ids (unless surrendered to the use of the will) 
nor leaseholds would pass by a general devise of lands or other general 
words descriptive of real estate, unless the testator had no freehold 
lands on which the devise might operate. Since the statute of the 
55 Geo, III. c. 192, which dispenses with the necessity of surrenders 
in certain cases, copyholds stood upon nearly the same footing as free- 
holds, in toa eral devise ; but leaseholds still continued 
subject to the old rule of law. By the 27th section, unless a contrary 
intention appear, a general devise of real estate and a general bequest 
of mal estate are respectively to include estates and property over 
which the testator has a general power of appointment, It was never 
considered necessary in the execution of a power of appointing real 
estate, whether general or special, to refer expressly to the power. It 
was sufficient if the intention to exercise it appeared from a description 
of the prep in the will or by other means, If the testator had no 
other which answered the description, a general devise would 
have been a good execution of the power; but it was otherwise if he 
had any other lands which would satisfy the terms of the devise. The 
enactment applies only when the testator has a general power of ap- 
pointment, Where the power is limited or special, it seems that the 
old rule of construction will still hold. As to personal property the 
rule was, that there must be some reference to the power, on the 
somewhat unsatisfactory ground that as any person must be supposed 

of some personalty, there was enough to make a general 

uest re without reference to the property comprised in the 
power. ith respect to devises, it seems that the old rule must still 
prevail where the power is special or limited.. By the 28th section a 
devise of real estate without words of limitation is, unless a contrary 
intention appear by the will, to be construed to pass the fee. This 
clause introduces a very considerable alteration of the old law, under 
which, in accordance with the doctrine that the heir was not to be dis- 
inherited by implication, it was settled that a devise of lands without 
words of limitation conferred on the devisee an estate for life only, 
notwithstanding the appearance of a contrary intention in other parts 
of the will. The 29th section enacts, that in any devise or bequest of 
real or personal estate the words “ die without issue,” “ die without 
leaving issue,” or “have no issue,” or any other words of the like im- 
port, shall be construed to mean a want or failure of issue at the time 
of the death, and not an indefinite failure of issue, unless a contrary 
intention appear ; except in cases where such words mean, if no issue 
described in a preceding gift shall be born, or if there shall be no issue 
who shall live to attain the age or otherwise answer the description 
required for obtaining a vested estate by a preceding gift to such issue, 
Under the old law, when a testator gave an estate to A and his heirs, 
and directed that if A died without issue it should go to B, though 
his meaning in most cases was that B should have it unless A had issue 
living at the time of his death, the word “ issue” was held to comprise 
descendants of every degree existing at any distance of time, and the 
uence was, that where the subject of the devise was real estate, 

A took an estate tail and acquired the absolute dominion oyer the pro- 


910 WILL, 


WILL, ROMAN, 


perty, and where it was pereonalty the ulterior disposition to B was 
void for remoteness, 

By the 30th section every devise of real estate (not being a right of 
presentation to a church) to a trustee or executor is to be construed to 
pass a fee simple, unless where a definite term of years or an estate of 
freehold less than the fee simple is expressly given to him. And by 
the 31st section trustees under an unlimited devise to them, when the 
trust may endure beyond the life of a person beneficially entitled for 
life, are to take the fee. When the limitation in a will was made to a 
trustee by way of use, he took the legal estate by the operation of the 
Statute of Uses, without reference to the nature of the trust. But in 
other cases the question was determined-by the intention of the testator, 
as collected from the nature of the trust ; and the trustee was considered 
to take only that quantity of estate which the cies of the trust 
required. Such a rule of construction was obviously of very difficult 
operation, and it was often not easy to determine in whom the fee was 
vested at any given period, and therefore who were the proper parties 
to deal with the property and to join in a conveyance of it. The 
enactments contained in the two last-mentioned sections wil! in a great 
measure remedy this inconvenience. 

It follows from the nature of wills that the devires and bequests 
contained in them are liable to failure from the death of the devisee 
or legatee before the testator. This is called the doctrine of lapse. It 
applies equally to devises of real estate and to bequests of personalty. 
It isa general rule that words of limitation to heirs or executors 
superadded to a gift have no effect in preventing lapse in case of the 
devisee or legatee dying before the testator, for they are considered 
not as words of gift, but merely as indicating the legal devolution of 
the property. When the gift is to several persons as joint tenants, 
unless all the objects die before the testator, there can be no lapse; 
for as joint tenants are each takers of the whole, any one existing at 
the death of the testator will be entitled to the = Be The same is 
the case where the gift is toa class, unless where the individuals of 
the class were ascertained before the lapse. Two changes have been 
introduced into the law of lapse by the new act. The 32nd section 
enacts that devises of estates tail shall not lapse, but that where the 
devisee in tail dies during the life-time of the testator, leaving issue, 
the devise shall take effect as if he had died immediately after the 
testator, unless a contrary intention appear by the will: and, by the 
33rd_ section, gifts to children or other issue who shall die before the 
testator, having issue living at the testator’s death are not to lapse, 
but, if no contrary intention appear by the will, are to take effect as if 
the persons had died immediately after the testator. As a will of 
personalty operated upon all the property of that kind belonging to 
the testator at the time of his decease, there could obviously be no 
intestacy with regard to any part of the personal estate while there was 
a yalid residuary bequest. The same is now true of wills of real estate 
in which there is a valid residuary devise, so that there is no longer 
room for many of the questions that arose as to whether the residuary 
devisee took beneficially or asa trustee, and as to the devolution of 
real estate directed to be sold. 

If an ambiguity exists on the face of a will, or, as it is technically 
termed, is patent, parol evidence cannot be admitted to remove it, 
because to admit evidence to explain what the will has left uncertain 
would be in effect to make a new will by parol. If the ambiguity is 
not apparent on the face of the will, but arises from circumstances 
disclosed when an attempt is made to carry the will into effect, it may 
be removed by evidence of the same nature, 

(Jarman, On Wills, and Jarman and Sweet’s Notes to Bythewood’s 
Precedents, Wills.) " 

WILL, (Scotland.) The right of bequest in Scotland is confined to 
moveable or personal property, It does not extend to heritable or real 
property—which comprehends lands and tenements, fixtures, those ap- 
purtenances of a family mansion (such as the pictures, plate, and library) 
which are called “heirship moveables,” the machinery in mines and 
manufactories, the stock on farms, and every description of security or 
other right over any of these kinds of property. Settlements may be 
made of heritable property in the manner which will be described 
below, but it is a principle of the greatest importance, and one the 
neglect of which is often productive of the most serious consequences, 
that no such settlement can be made in the form of a will. All persons 
of sound mind above the age of puberty (fourteen in males, and 
twelve in females) may execute wills ; and persons under guardianship, 
as wives and minors who have curators, may do so without the consent 
of their guardians. The will of a bastard was formerly ineffectual, and 
the moveable goods of such a person, lapsing to the crown on his death, 
were distributed by a gift in exchequer; but this peculiarity was 
abolished by 6 & 7 Will. IV. c. 22. A verbal or “nuncupatiye” will, 
if uttered in the presence of two witnesses who bear testimony to it, 
is valid to the extent of a hundred pounds Scots, or 8/, 6s. Sd. sterling, 
A will, sufficiently formal in all points to prove its terms and its 
date, must be executed in the presence of witnesses and attested, 

Where the will is holograph, or written by the granter himself, it 
does not require to be attested. If the party cannot write, he can 
execute a will through a notary, who receives authority in presence of 
two subscribing witnesses to sign for the testator, and describes the 
transaction in his notarial docquet, A clergyman of the Established 
Church of Scotland may act asa notary for the signing of a will. It 


is usual to nominate an executor of the will, but it is not ye 
do so; and if there be no one named, an executor is supplied by opera-- 
tion of law. Wills executed by ms domiciled out of Scotland, if 
they be according to the form which would carry such property in the 
place where they were executed, will be effectual to rem § moveable. 
property in Scotland; but no will, whatever be the law of the place 
where it is made, can dispose of heritable property in Scotland. The 
last dated will is the effectual ofe, and all others are considered as 
revoked by it in so far as they are inconsistent with it. 
The peculiar feature of the law of Scotland out of which arises the: 
circumstance that heritable or real property cannot be popeeinens 
that no deed conveying such property is effectual unless it sed 
in what are called “ dispositive terms,” or terms making over pro- 
perty at the moment of the signing of the deed, The Lara 
arose during the time when the holder of a fief could not part with it 
to another person, unless that person were accepted asa vassal by the 
feudal superior. But to accomplish the purposes of a virtual bequest, 
the party grants a conveyance, reserving power to alter, and dispenses. 
with delivery of the deed, The formalities mance to the execution — 
of wills carrying moveables are necessary to settlements com . 
heritable property, but with this difference, that in the settlement of — 
heritable property, if the party cannot write, the deed must be — 
executed by two notaries before four witnesses; and in this case a 
clergyman cannot act as notary. ui 
No settlement of heritable property to the prejudice of the heir-at- 
law can be validly granted on a death-bed, Three elements are neces-— 
sary to constitute the legal exception of death-bed: Ist, that the 
granter was ill of the disease of which he died when he granted the 
deed; 2nd, that he died within sixty days after executing it; and, 
3rd, = ap go to church, or to a market, unsupported, — 
during sixty days. Ci ag 
WILL, ROMAN. A Roman will—called Testamentum, was defined 
by the jurists of the Imperial period to be “alegal mode ofa man’s 
declaring his intention in due form, to take effect after his death.” 
The power of making a Roman testament only belonged to Roman 
citizens who were sui juris, a rule which excluded a great number of 
persons; those who were in the power of another, as sons not 
emancipated, and daughters; impuberes ; dumb persons, deaf persons, 
insane persons, and others; and, as a general rule, all women. The 
circumstances under which a woman could make a will were > 3 
is ‘ 


and they would require a very particular statement. A Y 
age.of fourteen years complete, unless under some special incapacity, 
could make a valid will. A female, so far as age only, 
acquired this capacity on the completion of her twelfth year. es 
Originally Roman citizens made their wills at Calata Comitia, which 
were held twice a year for this purpose. It is not said that these 
wills were made in writing; and it is here assumed that they were 
made at the Calata Comitia only for the purpose of securing — 
proper evidence of the testator’s intention. If a man died 
interval between two such Comitia without having made his 
must have died intestate. But wills could also be made in Procinctu, 
that is, by a soldier under arms and in presence of the fs 
Another mode of testamentary disposition was introduced, ap , 
If aman, says Gaius (ii, 102), 


was a substitute for the testament made at the Calata Comitia, it is a 

probable inference that it only differed from the testament made at 
the Comitia in wanting that publicity. The two old forms of testa- 
mentary disposition, adds Gaius, fell into disuse, and that rset 
libram became the common form, Originally 


tary transfer per ws et libram is described by 
Written wills, as already observed, were not — 


republican and the imperial p 
wood or wax; hence the word “cera” (wax) is often used as 
lent to tabula, A Roman will was required to be in the 
language until A.p, 439, when it was enacted that wills 
written in Greek. A Roman will in the later periods was 
signed by the witnesses. The sealing consisted in i 
a ring or something else on the wax, and the names were [he 
seals and names were on the outside, for, according to the old law, 
there was no occasion for the witnesses to know the conten’ : 1 
will. The old practice was for the testator to show 


. 


EE =a ee 


WILL, ROMAN. 


WINCH AND AXLE. 922 


to call on them to witness that what he so presented to 
ill. It was not unusual for a man to make several 
to 


z 


it them in some safe keeping. At the 


the 
will was open 

It has been mentioned that, in order to make a Roman will valid, it 
int or institute a heres. The heres was a person who repre- 
testator, and who paid the legacies which were left by the 
will. He stood in the place of the familie emptor, or formal r 
eee ee form of will. A heres might be appointed 
in words as follow :—“ Titius heres esto” (“let Titius be my 
heres”), or “Titium heredem esse jubeo” (“I will Titius to be my 
heres”), Generally, all Roman citizens who could make a will could 
be heredes ; but persons could be heredes who could not make a will — 
slaves, for instance, and others who were not sui juris. 

Fraud in the case of wills and other instruments was punished by 
Lex Cornelia. 
of the Edictal or Praetorian law at Rome intro- 
will. If there were seven proper witnesses 

i testator had the power of disposition both 
making his will and at the time of his death, the edict 
with the ceremony of mancipation and gave to the heres or 
possessio. This mode of testamentary disposition 

Republic, and, accordingly, a man could either make 


, were present, and after acknowledging their signatures the 


The form of testamentary disposition by mancipatio was 
by the more convenient pretorian form. The 


i 


: 
: 
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observed, was valid if the testator had a 
f making his will and at the time of his 
will, though made at any time before his 
of all the property that he had at the 
to render a Roman will valid, it was 
that the heredes sui of a mun (his sons and daughters were 
sui) should either be appointed heredes or 
excluded from the inheritance. <A will which was 
being made was testamentum injustum ; that is, 
non jure factum” (not made in due legal form). A will which was 
might become invalid; it might become ruptum (broken) or 
irritum (ineffectual). 

A second will duly (jure) made rendered a former will invalid 
(ruptum) ; and it was immaterial whether the second will took effect 
not. If it was duly made, it rendered a former will of no effect, and 
testator died intestate. 

Ifa testator sustained a — diminutio after making his will,— 
that is, if he lost any part of hi 
essential 


& 


3 status of a Roman citizen which was 
to give him a full testamentary power,—the will became 

irritum (ineffectual). A prior will might become ruptum by the making 
of a subsequent will ; and such subsequent will might become irritum 
in various ways ; for instance, if there was no heres to take under the 
will. 


| 


Though a will had become ruptum or irritum, and er, lost 
all its effect by the Jus Civile, it might not be entirely without effect. 
The Bonorum Possessio might be granted by the Pretorian law, if the 
will was attested by seven witnesses, and if the testator had a disposing 
wer, though the proper forms required by the Jus Civile had not 
observed. 


The rule of Roman law, which required heredes sui to be expressly 
exheredated applied to gathinalons <bsbSsae If a suus heres was born 
after the making of the will, and was not ised as heres or exhere- 
dated in due form, the will became surpttron This rule of law was thus 
expressed : ‘ ndo rumpitur testamentum.” There were also 
cases in which a will might become ruptum by a quasiadgnatio. 

A testament was called Inofficiosum when it was made in due legal 
form, but not “ex officio pietatis.”. Thus, when a man did not give 
the hereditas, or a ion of it, to his own children or to others who 
were in a near relation to him; and when there was no sufficient 
reason for = them by, the person so injured might have an action, 
called Inofficiosi Querela. The persons who could maintain this action 
were particularly defined by the legislation of Justinian. If the testa- 
mentum was declared by the competent authorities to be inofficiosum, 
it was rescinded to the amount of one-fourth of the hereditas, which 
was distributed among the claimants. 

The of the Inofficiosi Querela is explained by Savigny. 
(‘System des Heutiges Rim. Rechts,’ ii. 127, &c.) When the testator 
in his will passed by who were his nearest kin, it was presumed 
that such persons merited the testator’s disapprobation. If this 
was not so, it was considered that the testator had by his will done 
them a wrong, and the object of the action was to get redress by 

» setting the will aside. The main object, however, was the establish- 
ment of the complainant's character, to which the obtaining of part of 
the testator’s property was a subsidiary means. The expression Testa- 
mentum Inofficiosum occurs in Cicero and in Quintilian ; but it is not 
known when the Inofficiosi Querela was introduced, 


A Roman codicil (Codicili, for the word is not used in the singular 
number till a late period under the Empire) was a testamentary dispo- 
sition, but it had not the full effect of a will. Codicils were, in fact, 
useless unless there was a will prior or subsequent, which confirmed 
them either retrospectively or prospectively. (Gaius, ii. 270; ‘ Dig.,’ 
29, 7,8.) 

The subject of Roman wills is of great extent, and it involves ques- 
tions of considerable difficulty. The principal authorities have been 
mentioned in this article, to which may be added Ulpian, ‘Fragmenta,’ 
tit. 20; ‘ Dig.,’ 28, tit. 1, &c. ; 29, tit. 1, &e. ; ‘Cod.,’ 6, tit. 23.) 

WILLOW, ECONOMICAL USES OF THE. The willowis applied 
to a very large number of useful purposes. The white willow, the weeping 
willow, and the osier willow, may be ed as the types of three 
great classes, marking out three different kinds of applications. Taking 
them one with another, almost every part of the plant, in each of the 
three classes, is made available. The leaves of the growing tree furnish 
food for insects ; the flowers for the honey-bee ; the young Jeaves and 
shoots for cattle, horses, 'and goats. Sometimes they are dried and 
stored for this last-named purpose. In the north of Europe the 
inner bark is dried, ground, and mixed with oatmeal for peasants’ food 
in years of scarcity. Willow twigs are much used in rude states of 
society for bridles, boat-cables, fishing-tackle, and various household 
implements. The bark of the young shoots is woven by the Russians . 
for the upper parts of their shoes ; while the outer bark serves for the 
soles, The outer bark as a material, and strips of the inner bark as a 
fastening, are much used for making baskets and boxes, and roofing 
houses. The bark, when steeped in water, may easily be stripped into 
fibres, and spun to make thread for cloth. The bark also yields a black 
dye, ortanning ingredient, anda medicinal agent. The wood of the willow 
is applied to many useful purposes. The timber of the larger trees is 
soft, smooth, and light. Its lightness led to its employment by the 
ancients in making shields. It has qualities which render it fitted 
to be used in making cutting boards for tailors and shoemakers ; 
sharpening boards for fine steel instruments, such as cork-cutting 
knives ; many kinds of turnery articles; shoemakers’ lasts, &c. It is 
durable enough to form a good material for rafters in dry buildings, 
on account of its lightness. Its softness renders it applicable as a 
lining for waggons and carts intended to contain coal or stone, as it 
will not splinter from blows of hard angular materials. Being dur- 
able in water, it is much employed for water-wheels, floats of paddle- 
wheels, &c. Before the invention of iron hoops for cart-wheels, felloes 
were often made of red-willow wood, which speedily shod itself with 
small angular fragments of durable stone and gravel. The smaller 
portions of the ,wood of the trees are applied to an almost infinite 
variety of p' In some cases the straight stems of young trees, 
either split or whole; in some, the more vigorous shoots cut in two; 
and in some, the smaller shoots—are thus employed. Styles for 
ladders, fencing-poles, hop-poles, vine-props, clothes-props, rake-handles, 
handles of various tools and implements, hurdles, crates, hampers, hay 
and straw ricks, barrel hoops, binders for brocoli and other vegetables 
when sent to market, binders for standard trees and shrubs, skeleton 
frames for plants, are all made in large quantities from the parts of the 
willow now under notice. Many ornamental articles are made from 
strips or shavings of the wood of the white willow. Such shavings are 
first obtained in thin layers by a cutting instrument, and then sepa- 
rated into strips by a kind of steel comb having sharp teeth. The 
strips or ribbons are woven into a framework for bonnets and for light 
silk hats, and into a substitute for straw hats. 

The downy substance which encloses the seed is in some countries 
used for wadding, and as a stuffing for cushions, beds, pillows, &c. 

Some varieties of the tree are valuable when planted on the banks 
of rivers and canals, to retain the soil against the encroaching action of 
the water. Some kinds furnish good coppice, to be cut down every 
six or eight years for hoops, poles, and faggot-wood. The shrubby 
species make good hedges. The loppings, branches, and old trunks, 
when used as fuel, produce when dry a clear fire with little smoke. 
The wood produces excellent chareoal, especially for gunpowder. 

Especially useful is one large group of willows, in furnishing the 
osiers for basket-making. The Dutch were the first to use osiers 
extensively for this purpose; the English imported the twigs from 
that country; but early in the present century, chiefly through the 
encouragement afforded by the Society of Arts, osier culture became 
extensive at home, and has ever since been continued. The osiers are 
cut in the form of rods. For coarse work they are used with the bark 
on; but for finer work the rods are peeled before being made up 
into bundles. For some work, again, the rods are used whole ; while 
for others they are split or bisected. Some particular kinds only are 
known in the rackes as osiers; all the rest receive the general 
name of willows. For the mode of use, see BASKETS. 

WINCH AND AXLE isa machine constituting a small windlass, 
and consisting of a cylinder of wood which is capable of turning on 
its axis between two upright posts of the same material, or between 
the ends of a cast-iron frame: a lever at one or at each extremity 
of the cylinder, is attached to an iron axle passing through the latter 
at right angles to its direction, and is furnished with a handle, which 
is parallel to that axle. The name winch is given to a lever or handle 
of this kind, and the word is supposed to be derived from the verb 
guincher, signifying, in old French, to turn or bend in a curvilinear 
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manner. The machine is used to raise a weight vertically, or to draw 
an object towards it; for which purposes the object is connected with 
it by « rope or chain which contiaually passes over the curve surface 
of the cylinder as the latter is made to turn on its axis by a man 
acting at the handle. Since the cylinder revolves once while the 
handle, or the extremity of the lever to which it is attached, is 
made to describe the circumference of a circle, it is evident that the 
mechanical power of the machine is precisely that of the wheel and 
axle. [Waxen axp Axte.] When of a simple form it is employed 
to raise water from a well, and earth or some other material from the 
shaft of a small mine : and one of a complex nature is used, by means 


of a crane, to raise qasks or heavy packages from the ground to the 
upper part of a building. 
i re 
When great weights are to be raised, the machine is fixed 


in a frame of cast-iron, which is rectangular on the plan, but its extre- 
mities or faces have the form of a triangle, or of the letter A. The 
axle of the cylinder is supported on a horizontal bar at the middle of 
each end of the frame, and to the cylinder is attached a toothed-wheel 
which turns with it on the common axis: above this wheel and 
parallel to the cylinder is an iron axle which carries a pinion with 
teeth working in those of the wheel, and causing the latter to 
revolve, the pinion itself being turned by means of the lever and 
handle at one or at each extremity of the frame. A machine of 
this kind is called a crab ; and when a weight is to be drawn horizon- 
tally, or raised above the cylinder, the machine must of course be 
bolted to the floor or firmly fixed in the ground, in order to prevent it 
from being moved from its place. In such machines there is generally, 
at one extremity of the cylinder a wheel, having on its circumference 
teeth like those of a saw; and a click or catch, which turns freely on 
a pin, is attached by that pin to the side of the frame in such a 
manner that it may fall between the teeth. By this contrivance, if 
the handle should break, or the moving power be taken off while 
the weight is suspended in the air, the latter is prevented from 
descendi 


ding. 

Machines of this kind are occasionally constructed which have the 
power of holding the weight in any part of its ascent or descent with- 
out a ratchet-wheel and catch. Such a machine consists of a barrel 
formed in two cylindrical portions, a and 8, of different diameters, but 
having a common axle; the rope passes under a pulley in the block o, 
to which the weight is attached, and over the two cylinders, in such a 
manner that when the handle is turned it uncoils from the smaller and 
coils upon the larger portion. Thus every revolution of the barrel causes 
the larger cylinder to take up a quantity of rope equal in length to its 
circumference, while there is uncoiled from the smaller a quantity equal 
to the circumference of the latter: consequently, after each revolution, 
the quantity of rope between the axis of the cylinder and the pulley is 
diminished by the difference between the two circumferences, and the 
weight is raised up through a height equal to half that difference. 
Hence by mechanics, if 2rr represent the circumference of the 
circle described by the handle of the winch in one revolution, 
(rv —r)x half the difference between the circumferences of the two 
cylinders, w the weight to be raised, and p the power applied to the 


handle, we shall have, in the state of equilibrium, =" w=. 


The weight which may be balanced by a given power P will 
evidently be greater as r’—r, or the difference between the radii of the 
cylinder, is less; and the difference may be made very small without 
much increasing the friction. The only disadvantage attending the 
machine, when compared with an ordinary winch or capstan, is that 
it requires a much greater quantity of rope to raise or move the object 
through any given distance. It was first proposed in Europe by Mr. 
George Eckhardt, but machines of a like kind have, it is said, been 
1 in use inthe East. 

winch is employed with the common jack, which is used to lift 
great weights, or to move them through small distances. The handle 
turns a ion with teeth, which act on others at the circumference of a 
small wheel; and on the axle of this isa pinion with teeth which work in 


those of arack-rod. The axles of the wheel and pinions let into the | 
sides of a case of wood or iron, the revolution of the a 
rectilinear motion of the rack ; and one end of the case being fixed to — 
the ground, or against an immoveable object, the extremity of the rack 
at the opposite end forces forward the body which is to be | 
Sometimes, instead of a rack, the machine is furnished with a 
whose axle is hollow, and cut in the form of a concave screw; within 
this screw is one of the convex kind, which by the revolution of the 
wheel and its axle is made to move in the direction of the latter, and — 
thus to press before it the object which is to be removed. This machine 
has however considerable friction, 
The force exerted by a man in turning 
according to the position of the lever with respect 
When the lever, or that part which is 
pendicular to the ground, and the 
part of the circle described by the end of the lever, the man 
pushes the handle daetily edt jie pulls it directly towa 
him; and in each case he exerts a power which is estim: 
at 27 or 30 lbs.; but when the lever is in a horizontal 
,tion, the man either throws a great portion of his weight on — 
‘the handle to press it down, or he exerts his muscular force in a 
direct manner to pull it upwards; and the force exerted in these 
positions is estimated at 140 or 160 lbs. The force exerted must 
evidently have different values between these quantities in other posi-— 
tions of the winch ; and the ice is to cause two men to wo rite 
ine, one being at each ity of the 


to the hori 
ndicular to the axle, is 7 
le is at the highest or le 


the same time to turn the m 
axle of the cylinder. The levers of the two winches are 


right angles to one another ; consequently when one man is ‘ , 
pulling horizontally, the other is pressing or pulling vertically, and thus 
the operation of turning goes on with ly uni intensity; the 
first aan working in the Jeast favourable position when the other is 
working in that which is most so. [WxrvpLass.] ‘a4 '% 
WIND is a motion of the atm t of that which it 
has in consequence of the diurnal and annual movements of the earth, 
The latter motion being performed in a part of space which may be 
considered as devoid of any resisting medium, the particles of air suffer 


lacements on that account; and the friction of ‘the { 


seidcte tides eaenronin ate the earth which’ they eur. 
cc each other, ~ 
ught the diurnal movements of the — 


round, must have long since bro 
atmosphere and earth to a state of equality : thus, the angular a 
of the air on any parallel of terrestrial latitude being the same as oe 
of an observer on the same parallel, the air would seem to be at rest 
about him. But if, from any disturbance of the equilibrium of the 
atmosphere, the particles should move less rapidly the observer _ 
from west to east, or should acquire movements in some other direction, — 
then the sensation of a wind would be ienced. The tides which 
take place in the atmosphere by the attractions of the sun, moon,and = 
planets on the particles of air giving rise to differences in the \ 
of the vertical columns, they must necessarily cause inequalities of 
pressure in horizontal directions, and thus produce winds or currents 
of air; but it has been shown by La Place that these currents are 
scarcely sensible ; and such attractions are by no means adequate to =~ 
the production of the winds which are observed on the earth's surface, 
[Armosruerg, col. 692.) 7 
The immediate effect of the solar radiation, communicating heat to 
any region of the earth's surface, is to generate an ascensional move- 
ment in the incumbent atmosphere, a bodily overflowing of its material — 
above, and a relief of barometrical- pressure below. The air of the 
cooler surrounding region, not being so relieved, will be driven‘in by — 
the prem ns ydrostatic—in this case oh atmosp! 
so arising, and thus originate two distinct winds : pp sete 7, 
outward from the heated region ; a lower inward, or towards it. “ ; 
the region heated be a limited one, these currents will radiate from 
and to it asa centre; if a linear belt, or a whole zone of the globe — 
intervene, such as the generally heated intertropical region, they will 
assume the character of two sheets of air setting inwards on both sides 
below, uniting and flowing vertically upwards along the medial line, 
and again separating aloft and taking on a reversed movement.” 
These effects of heat upon the atmosphere, together with the 
motion of the earth, are the primary causes of all the phenomena of — 
the winds, the latter having been found by modern por peten a 
have a much more extensive influence than was s' when its part | 
in the production of the trade-winds was first On 
actions 
that part of 


this account, and because the consequences of these 

impart to us a key to the whole subject,—including even 

it which relates to revolving storms, or cyclones,—we shall now pro- 
ceed to consider the trade-winds, both with respect to their theory and 
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or constant winds, because meee 
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who had passed some time at the Canaries, to which the trade-winds 
extend in summer, seems to have conceived a just idea of their extent. 
On his first voyage, after leaving the Canaries, his crew were greatly 
ing that the wind always blew from the north-east and 
would be prevented by it from returning to 
their native country. bus did not participate in their fears ; and 
is return from the newly-discovered islands his track was north of 
trade-winds, in the region of the variable winds. After the time 
Columbus, European navigation extended rapidly in the Atlantic 
iam oceans, and the trade-winds became generally known. It 
however, appear that any attempt to explain this phenomenon 
before the time of Galileo, who, in adopting the astronomical 
of Copernicus and the revolution of the earth round its axis, 
some confirmation of this opinion in the trade-winds, 
jectured, owed their origin to the revolution of the 
the circumstance that the atmosphere, though it partici- 
that motion, could not follow with equal speed the motion of 
our planet, and that a motion in the air was thus 
contrary to that of the earth round its axis, or 
The strongest fact in favour of this hypothesis 
that the trade-winds occur only in the lower lati- 
where the surface of the earth, in its revolution round its axis, 
make a circle in twenty-four hours, and consequently 
move with a greater degree of rapidity than in the higher 
latitudes. Galileo's theory was relinquished about the end of the 17th 
century, in favour of a not less fallacious one proposed by Dr. Edmund 
Halley, who, however, had collected extensive information respecting 
these winds, and had indeed discovered several facts which were incom- 
patible with the opinion of Galileo. The two most decisive were, that 
there are no trade-winds near the equator, where the diurnal motion of 
the earth is greatest, and that the trade-winds change their position 
according to the seasons, which could not take place if they were only 
effect of the rotation of the earth. Galileo, however, appears to 
ve had a true, though obscure, perception that the rotatory motion 
earth must be somehow concerned in the production of the 
inds, though he singularly omitted to consider the {operation 
sun’s heat. 
trade-winds are met with on both sides of the equator. The 
-line of the region in which they blow, and beyond 
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-east, ing farther west they become more easterly, 
often they blow from due east, and sometimes from the south of 
, but generally they are one or two points north of east. To the 
uth of the equator the trade-winds in the eastern parts of the 
ocean blow from south-east, and usually between south-east and east, 
but they also decline more to due east in reaching the western portion 
of the ocean. They do not occur in the vicinity of the continents, 
but are chiefly ted from them by a tract of sea in which either 
i or variable winds prevail. The trade-winds therefore are 
only experienced when we are well out from the land in the open sea. 
The wind blows with less force and steadiness in the eastern than in 
portion of the ocean. It is also s and more con- 
isphere where the sun is net, than in that which is 
exposed to its perpendicular rays; in the latter, however, it is more 
easterly than in the former. The region in which the trade-winds 
oceur is distinguished by an almost continual serenity and fair weather. 
Though the (aroma of the northern and southern hemisphere 
blow in an oblique direction towards one another, they do not meet in 
general, but are divided by a tract of sea in which calms frequently 
prevail, and also variable light winds, mostly from the west, are met 
with. This region of the calms is distinguished by a thick f air, 
and frequent rains of short duration attended by thunder and light- 
ning. The region of calms which separates the north-east trade-winds 
from the south-eastern, and which usually occupies a width of four or 
five degrees of latitude, is not always found at the same part of the 
ocean; but advances farther north when the sun has a northern decli- 
nation, and farther south when it is in the southern hemisphere. 
[Caums.} The same is observed ing the winds themselves. 
Though the mean boundary-line of the trade-winds is 28° of lat. in 
the eastern parts of the ocean, it extends two, three, and even four 
farther north when the sun approaches the northern tropic, 

and about the same distance farther southward when the sun is near 
its greatest southern declination. It sometimes ha that a north- 
eastern wind occurs as far north as 40° in the Atlantic, along the 
southern coasts of Spain and Portugal, but as this is seldom the case, 
it is supposed that such a wind cannot be considered as a trade-wind, but 
only as one of the variable winds which prevail to the north and south 
of the trade-winds. There are also a few instances on record in which 
the north-east and south-east trade-winds have not been found 
separated by a region of calms, but in which a vessel, with the infer- 
vention of a calm of short duration, has passed from one trade-wind 


into the other. 
of these “ magnificent phenomena,” as they 


ERE 


The true explanation 
haye justly been called, according to Dove and Herschel, was first 


delivered in the ‘Philosophical Transactions’ for 1735, by George 
Hadley. It has often been erroneously attributed to Dr. Edmund 
Halley, in part, doubtless, from the similarity of his name, and partly 
on account of atheory of these winds, now long proved to be fallacious, 
having been actually proposed by him, as already noticed. The true 
theory was also divined by the sagacity of John Dalton, who, not 
knowing what Hadley had done, printed it in his ‘ Meteorological Obser- 
vations and Essays’ in the year 1793, hut discovered Hadley’s priority 
in time to acknowledge it in his preface. 

The astronomical point of view from which the objects of meteoro- 
logy have always been viewed by Sir John F. W. Herschel, has given 
to his treatment of atmospheric phenomena, a breadth and perspicuity 
searcely to be found in the writings of other meteorologists. His 
view of the theory of the trade-winds presents a remarkable example 
of this, and, as a whole, is, we think, unequalled. In what follows we 
give an epitome of it, condensed from two works—his ‘Outlines of 
Astronomy,’ and ‘ Treatise on Meteorology,’ with some adaptations of 
our own. 

It isa matter of observed fact that the sun is constantly vertical 
over some one or other part of the earth between the tropics, and that 
the whole of the zone or belt so included between the tropics, and 
equally divided by the equator, is, in consequence of the great altitude 
attained by the sun in its diurnal course, maintained at a much higher 
temperature than those regions to the north and south which lie nearer 
the poles. The heat thus acquired by the earth's surface, agreeably to 
the principles explained above, is communicated to the incumbent air, 
and becomes the universai primary cause of the phenomena of the 
winds, in conjunction with the earth’s rotation. The colder and 
heavier air glides in on both sides, along the surface, from+the regions 
beyond the tropics ; while the displaced air, thus raised above its due 
level, and unsustained by any lateral pressure, flows over, as it were, 
and forms an upper current in the contrary direction, or towards the 
poles; which being cooled in its course, and also pressed down by the 
mass of the atmosphere above to supply the deficiency in the extra- 
tropical regions, thus keeps up a continual circulation, ‘“ That this is 
a real cause (vera causa) is placed in complete evidence by the general 
fact that the atmospheric pressure at the surface of the sea diminishes 
regularly from either tropic to the equator, where the barometer stands 
habitually about 0°2 in. lower than in the temperate zones.” : 

The principle whose action was made known and applied by Hadley 
now comes into play. The equatorial portion of the earth’s surface 
has the greatest velocity of -rotation, and all other parts less in the 
proportion of the radii of the circles of latitude to which they corre- 
spond. But as the air, when relatively and apparently at rest on any 
part of the earth’s surface, is only so, because in reality it participates 
in the motion of rotation proper to that’ part, as indicated at the 
beginning of this article, it follows that when a mass of air near the 
poles is transferred to the region near the equator by any impulse 
urging it directly towards that circle, in every point of its progress 
towards its new situation it must be found deficient in rotatory 
velocity, and therefore unable to keep up with the speed of the new 
surface over which it is brought. Hence, the currents of air which set 
in towards the equator from the north and south, must, as they glide 
along the surface, at the same time lag, or hang back, and drag upon 
it in the direction opposite to the earth’s rotation, that is, from east to 
west. Thus these currents, which but for the rotation would be 
simply northerly and southerly winds, acquire, from this cause, a 
relative direction towards the west, and assume the character of 

nt north-easterly and south-easterly winds. 

It follows from this, then, that as the winds from both sides 
approach the equator, their easterly tendency must diminish; a fact 
which though inevitably resulting from the principle maintained by 
Hadley, was reserved for the late Captain Basil Hall to reason out, 
and, though thus for the first time, in a very distinct manner, in his 
‘Fragments of Voyages and Travels.’ The lengths of the diurnal 
circles increase very slowly in the immediate vicinity of the equator, 
and for several degrees on either side of it hardly change at all. Thus 
the friction of the surface has more time to act in accelerating the 
velocity of the air, bringing it towards a state of relative rest, and 
diminishing thereby the relative set of the currents from east to west, 
which, on the other hand, is nef and, at length, not at all, rein- 
forced by the cause which originally produced it. Arrived, then, at 
the equator, the trade winds must be ex to lose their easterly 
character altogether. And not only this, but the northern and 
southern currents here meeting and opposing, will mutually destroy 
each other, leaving only such preponderancy as may be due to a 
difference of local causes acting in the two hemispheres—which in 
some regions around the equator may lie one way, in some another— 
as will presently be seen, The result, then,” says Sir John Herschel, 
“must be the production of two great tropical belts, in the northern 
of which a constant north-easterly, and in the southern a south- 
easterly, wind must prevail, while the winds in the equatorial belt, 
which separates the two former, should be comparatively calm, and free 
from any steady prevalence of easterly character. All these con- 
sequences are agreeable to observed fact, and the system of aérial 
currents above described constitutes in reality what is understood by 
the regular trade winds.” . : 

On the subject of the region of calms, intervening between the trade- 
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winds, Kiimtz, in his ‘Manual of Meteorology,’ remarks, “ In the space 
between the two trade-winds the air is heated to the highest degree. 
There the ascending currents of air are the most rapid; and by this 
quick ascent the velocity of the wind blowing along the surface of the 


sea is greatly diminished. Besides it would seem that the upper andj 


lower current of the air come into contact with one another at a com- 
paratively small elevation above the surface of the globe. These two 
cireumstances appear to be the reason why no regular winds are met 
with within the region of the calms.” 

We now proceed to review the actual and local phenomena of these 
winds. Two currents of air are found within their limits, of which 
the lower runs to the south-west, north of the equator, and to the 
north-west, south of it, and the upper in the opposite direction. In 
this manner a kind of atmospherical circulation is formed, which is 
admirably adapted for the preservation of animal life. The existence 
of this counter-current of air in the upper regions bad only been 
inferred from the theory, and nothing could be adduced to prove it, 
except that within the trade-winds the clouds, which rarely make their 
appearance in this region, generally take a direction which corresponds 
to that of the supposed current of air. But in 1812 an event took 
place which was rather more decisive in favour of the theory. In the 
eruption of the volcano of St. Vincent, considerable quantities of ashes 
and other volcanic matter descended on and spread over the island of 
Barbadoes, This event certainly excited a high degree of surprise, as 
in this part of the Caribbean Sea the trade-wind always blows with a 
considerable force, so that vessels sailing from St. Vincent to Barbadoes 
are obliged to make a circuitous course of some hundred miles to reach 
the place of their destination, It can hardly be questioned that the 
volcanic matter was raised, by the eruption of the volcano, to such an 
elevation that it reached the counter-current, which, blowing from the 
west, carried it to Barbadoes. Humboldt adduces also, in support of 
the theory, the strong south-western wind which he experienced at the 
top of the Peak of Teneriffe, whilst all the other parts of the islahds 
were under the sway of the trade-wind; and this observation is also 
confirmed by Glass, who, in his ‘ History of the Canary Islands,’ states 
that during the trade-winds the most elevated parts of those islands 
experience a continual westerly wind, which blows with considerable 
force. Confirmatory facts on this point, as observed by Professor C, 
Piazzi Smyth, will be found at the end of the article CLoup, Lastly, 
we may adduce, in corroboration of the theory, the instantaneous 
change of wind which is frequently experienced when the limits of the 
trade-winds are passed. 

It has been already observed that the boundary of the trade-winds 
towards the nearest pole does not always occur in the same part of the 
ocean, but changes with the seasons. The difference is considerable. 
At the greatest southern declination of the sun, in December and Janu- 
ary, the northern boundary of the north-east trade-wind of the Atlantic 
occurs to the south of 25° N. lat., whilst in the opposite season, from 
June to September, it occurs about 32° N. lat. Thus we find a tract 
of sea, seven degrees of latitude in width, which is alternately exposed 
to the sway of the trade-winds and of variable winds, and nearly in the 
middle of this tract the Canaries are situated. These islands, there- 
fore, are within the trade-winds for six months, and for the remainder 
of the year without them. Von Buch, in his description of these 
islands, has given an account of the regular manner in which the 
trade-wind advances towards the north, with the progress of the sun 
in the northern hemisphere, and in which it recedes when the sun 
passes the equator on his return to the southern hemisphere, observing 
that the south-western wind, which is always found in the upper 
regions of the atmosphere above the trade-winds, does not make its 
appearance on the south, as may be inferred from the direction in 
which it blows, but is first experienced at Madeira, whence it gradually 
advances to Teneriffe and the other Canaries. Whilst this south- 
western wind advances from north to south, it also descends by degrees 
from the upper to the lower regions, and to the surface of the globe. 
On Teneriffe this takes place in October, when the south-west wind is 
experienced on all mountains 6000 feet high, but generally one week 
passes, and sometimes several weeks, before the south-western wind 
sinks to the level of the sea. 

The trade-winds are only met with on the sea; but in’some coun- 
tries of the globe between the tropics, or near them, regular and 
constant easterly winds occur, which may owe their origin to the same 
cause. These winds only occur in extensive level plains, where there 
is nothing to break their force or to change their direction ; for if the 
wind comes in contact with high land or mountains, its regular pro- 
greas is obstructed. But over a considerable tract of low level land the 
wind passes without being much changed in its direction and velocity, 
particularly if the land be barren and destitute of moisture. In the 
Sahel, or western part of the Sahara, an easterly wind blows all the 
year round with great force, but in the eastern district of the Great Desert 
it is less constant and less violent, so that in all respects it may be 
compared with a trade-wind. An easterly wind is also always found 
on the plain drained by the Amazonas; and by its assistance the 
voyage against the strong current of the river may be accomplished 
nearly in the same time as the voyage downwards by means of the 
current. Humboldt found that this easterly wind, which, near the 
mouth of the Amazonas is moderate, has acquired such a force at the 
base of the Andes, that it is almost impossible to keep one's footing 


against it. A similar easterly wind, though of less strength, is found 
in the great plain which is traversed by the lower course of the 


The countries just mentioned, in which these winds blow 
constantly, are contiguous to those parts of the Atlantic Ocean where~ 
trade-winds in general are regular all the year round. But the trade- 
winds of the ocean and the land-winds of the plains do not come into 
contact with one another. They are separated by a tract of the globe 
in which other winds prevail, This tract lies within the ocean, and 
extends along the coasts of the continents; its width varies greatly. 
Where it lies east of the trade-wind it is usually a hundred miles 
but it is of inconsiderable breadth when the land lies to the west of 
the trade-winds. The continuity of the easterly winds is oe 
interrupted by the difference of the temperature of the air incumbent 
on the sea and on the land. This difference changes with the seasons, — 
the air over the land being hotter than that of the sea when the sun is — 
near, and colder when it is far off. Hence it follows that during the — 
first period the wind blows from the sea to the land, and in the second 
from the land to the sea. Thus a kind of monsoon is produced a “—_ 
the coasts of the continents, even within the region of the r4 
A large island in such a situation is therefore surrounded by winds 
blowing from all quarters. When the land of Australia is heated by 
the presence of the sun in the southern hemisphere, the wind fi 9 
blows from the westward upon the north-western coast, and the 
south-west upon the western coast; from the south-west, south, and 
south-east on the southern coast; and from the south-east and east 
upon the east coast. In the opposite season, however, the winds are 
less regular, because the greatest part of the island is then without the 
reach of the trade-winds. mw > 

The trade-winds occur on both sides of the equator in the Atlantic 
and Pacific oceans, but they vary considerably in extent and foree in 
both oceans. Some account of this difference is given under the heads 
of ATtantic Ocean and Pacrric Ocean, in Grog. Div. We shall 
here add, respecting the last-mentioned sea, that the trade-winds in 
the southern parts appear to be subject to great changes in direction 
and force, and that they properly occur only along the coasts of 
America, where a constant south-easterly wind is met with at the dis- 
tance of 500 to 600 miles from the coast: but in the middle of 
Southern Pacific the trade-wind seems by no means regular and con- 
stant. Admiral Fitzroy, in speaking of the Paamuto Islands, or the 
Dangerous Archipelago of the Low Islands, says that among thema _ 
steady south-easterly trade-wind prevails from March to October, but 
that in the rainy season, from October to March, westerly winds, 
squalls, and rains are frequent; and in the abstract of his meteoro- 
logical journal we find that in running from the Galapagos to Otaheite 
he experienced only south-eastern winds near the equator; and that in — 
the remainder of his voyage the wind blew almost constantly from the 
north-east, north-north-east, or north-east by east. Kotzebue, on his 
first voyage, observed it as a remarkable circumstance, that between 
Easter Island and 14° 51’ S. lat. he met only with winds blowing from 
north, north-east, and east-north-east. This anomaly in the trade- 
winds of the Southern Pacific is probably produced by the innumerable 
islands and coral rocks which cover that ocean between the equator 
and the southern tropic, and extend from 130° W. long. to the coast of 
Australia. Horsburgh says, probably from his own observation, that 
“where shoal coral-banuks shoot up out of the deep water in many 
places between the tropies, a decrease of the prevailing wind is fre- 
quently experienced ; for when a steady wind is blowing over the sur- 
face of the deep water, no sooner does a ship get upon the verge of a 
shoal coral-bank than a sudden decrease of the wind is often ived. 
This is, in his opinion, occasioned by the atmosphere over these banks 
being less rarefied by the nessccle| evaporation than that over the 
deep water, and consequently not requiring so great a supply of air to 
restore the equilibrium as the circumjacent which are more — 
rarefied and heated.” When such effects, according to the statement — 
of this intelligent hydrographer, are produced by single coral-banks in _ 
the midst of the ocean, we may easily comprehend that their number 
and immense extent in the Southern Pacific not only diminish their 
force, but change the direction of the trade-winds, and that these reefs _ 
and islands affect them nearly to the same extent asa 
It appears that in the Southern Pacific the trade-winds are 
the north-eastern, northern, and western winds only during 
when the sun is in the southern hemisphere, A south-eastern trade- 
wind prevails also in the Indian Ocean from within a few degrees of 
the eastern side of Madagascar nearly to the coasts. of Australia, 
between the parallels of 10° and 28°5. lat.; but in this ocean from — 
10° S. lat. to the coasts of Hindostan the winds are periodical; the — 
influence of the land issuing in a complete reversal of the north-east 
trade during a considerable portion of the year, and the production of 
Monsoons, that is of winds which blow half the year in one, and the — 
other half in the contrary direction, as explained at length in the 
article devoted to them. : 4 

Even very limited local movements of the atmosphere are modified 
by the same cause, It is a remark as old as Bacon, and afterwards — 
confirmed by Mariotte in France, Sturm in Germany, and Toaldo 
Italy, and since by “ many other writers both in Europe and North — 
America, that the wind has a decidedly prepon ing tendeney to 
veer round the compass according to the sun’s motion, is, to pass — 
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from north 
round in thé same direction through 


north-east, east, south-east, to south, and so on 
west to north; that it often 


ly or never makes a complete circuit, 
in the .” According to Sir John Herschel, Pro- 
Mane Oo the first to show that this tendency is a direct con- 
sequence of the rotatory motion of the earth; it has therefore been 
denominated “ Dove's ss? of rotation of the wind,” to which we shall 
shortly return. 

The heated equatorial! air, while it rises and flows over towards the 
poles, carries with it the rotatory velocity due to its equatorial situa- 
tion into a higher latitude, where the earth’s surface has less motion. 
Hence, as it travels northward or southward, it will gain continually 
more and more on the surface of the earth in its diurnal motion, and 
assume constantly more and more a westerly relative direction ; and 
when at length it returns to the surface, in its circulation, which it 
taust do more or less in all the interval between the tropics and the 
poles, it will act on it by its friction as a powerful south-west wind in 
the northern hemisphere, and a north-west in the southern, and restore 
to it the impulse taken up from it at the equator. ‘We have here 
the origin of the south-west and westerly gales so prevalent in our 
latitudes, and of the almost universal westerly winds in the North 
Atlantic, which are, in fact, nothing else than a part of the general 
system of the re-action of the trades, and of the process by which the 

uilibrium of the earth’s motion is maintained under their action.” 
iatnte wledla of & cogalan charecter which remain to be noticed are 
the land and sea breezes which occur diurnally on the coasts and in 
islands of the tropical regions, and the periodical winds which are 
ed to prevail in some parts of Europe. The first are probably 

the inequality of the sun’s action on the land and water ; 
both, by the of the atmosphere to preserve a state of 
ly uniform density. During the day the land acquires a tempera- 
higher than that of the neighbouring ocean: the atmosphere 
it uently becomes rarefied, and from about 9 a.m, the air 
towards the land, to occupy the partial vacuum 
ion as the heat of the land goes on in- 

the force of the sea-breeze also increases, and this continues 
or3pm. After that time the over the land di- 
rapidly than over the sea, as the heat more readily 
escapes by radiation from the land than from the water, and about 
sunset the breeze from the sea ceases. During the night, the land 
continuing to cool, the air over the sea becomes comparatively warmer 
and more rarefied, and a breeze from the land, takes place: this wind 
augments in force till near sunrise, when the temperature of the earth 
begins to increase, and about 9 a.m. the wind blows from the sea as at 
first. These land-breezes diverge in every direction towards the coasts 
ical islands from the high lands in their interior. Mr. Red- 
field modifies the hypothesis above stated by assuming that when the 
stratum of air lying on the surface of land which ascends towards the 
interior of a country becomes rarefied by the sun’s heat, it is forced by 
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an excess of at its lowest part to move up the slope; and 
during the night the stratum of air on this inclining surface acquiring 
greater density, its gravity causes it to descend towards the sea. 
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The Etesian winds (so called from érnota:, “annual”) is a designation 
formerly given only to those which every summer blow during six 
weeks over the countries bordering the Mediterranean } but it has since 
been lied to other periodical winds, as those which blow on the 
coast of Holland. commence in the Levant about the middle of 
July, rising at 9 a.m., and continuing during the day-time only : the 
direction of the current of air is from north-east to south-west ; and it 
is probably caused by the rarefaction of the atmosphere nearly under 
the tropic of Cancer, in consequence of the heat of the sun at that 
season. Pliny states that, in Spain and Asia, the etesian winds blow 
from the east; and he adds that they also take place in winter, when 
they are called Ornithian winds ; these are, however, said to be more 
gentle than the others, and to continue during nine days only. (Smyth’s 
* Mediterranean,’ p. 270.) 

It may be observed, in addition to what has been said respecting the 
trade and other regular winds, that those which prevail in the tempe- 
rate zones are probably the results of currents proceeding about the 
earth from the tropical regions. Professor Dove suggests (in a paper 

iblished in P: orff’s ‘ Annalen, of which a translation a) 

the ‘ Phi ine’ for September, 1837) that when the 
sun is on the meridian of any place, as London, situated beyond those 

the currents of heated air which proceed from the point verti- 

under him must arrive at that place from the south earlier than 

at any other place eastward or westward of it on the same parallel of 
latitude. But in as the sun becomes successively vertical 
at different points westward of the meridian of London, the currents 
of air, in dauatbing great circles of the sphere, arrive later, and in a 
direction from the westward of south; and when, during the summer, 
he is vertically over a point about 60 degrees west of London (that is, 
in the evening), they arrive nearly from the west. At midnight, when 
the sun is on the meridian under the horizon, the current of air passing 
over the north pole is felt as a north wind; and after this time the 
currents coming from points having less than 180 degrees of longitude 
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eastward are felt as easterly winds, which become due east in the 
morning when the sun is about 60 degrees eastward of the meridian. 
In this order the movements take place daily, except when the currents 
are disturbed by accidental circumstances or by the influence of currents 
which proceed from the pole to the equator in order to supply the place 
of the heated air which ascends from the surface of the earth between 
the tropics. 

The sun is not the sole cause of the currents which are observed in 
the atmosphere, for they often arise from the condensation of the 
aqueous vapours which are constantly rising from the surfaces of seas 
and rivers. Such vapours, being lighter than air, ascend in the atmo- 
sphere, carrying with them a quantity of heat, which escapes on 
arriving in a region where there is less heat than at the surface of the 
earth; and the vapour being then reduced to a state of water, a partial 
vacuum is produced, into which the neighbouring air rushes. The 
heat is at the same time conveyed by the wind with the drops of water, 
and thus the region in which the rain is falling is sometimes warmer 
than those which surround it. Rain-winds are produced by the air 
which descends to the ground with the globules of water ; the particles 
of air being disengaged from the globules on the latter striking.the 
—— are then driven off, with considerable force, in every direction 

the place where the rain is falling. 

All mountain districts are subject to sudden and violent gusts of 
wind from the interruptions which the ridges of high land create to 
the general currents of the air; but that which is called the Helm- 
wind, at Crossfell, in Cumberland, is one of the most remarkable of 
these phenomena. It occurs at uncertain times between the end of 
September and the month of May, and occasionally, though rarely, in 
summer. It is stated that, when not a breath of wind is stirring, and 
scarcely a cloud is to be seen, there is suddenly formed a line of clouds, 
called the “Helm,” extending nearly north and south along the top 
ridge of the mountains; and nearly parallel to this, another line of 
clouds, called the ‘ Bar,” forms itself: the first of these lines of clouds 
is well defined at its western and the other at its eastern edge; and the 
lines unite together at their northern and southern extremities so as to 
contain between them an elliptical space whose length, in the north 
and south direction, varies from 8 to 30 miles, and its breadth, in an 
east and west direction, from half a mile to 4 or 5 miles; the highest 
point of the ridge of mountains being about the middle of the first line 
of clouds. In a few minutes after the formation of the Helm a violent 
wind begins, within the space between the clouds, to blow from some 
eastern point of the compass, but generally frdm due east to due west: 
its force is such as to break trees, disperse the grain in stacks, and 
overturn a cart with its horse. It continues frequently for nine 
successive days, and its noise is said to resemble that of the sea 
in a violent storm; but it is seldom accompanied by rain. No satis- 
factory hypothesis has yet been offered to account for the phenome- 
non; but that which seems most probable is, that the air from the 
coast of Northumberland, being cooled as it rises to the summit of 
the mountain, and there condensed, descends from thence with great 
force, by its gravity, into the district at the foot of the western 
escarpment, (Rey. J. Watson, in the ‘ Reports of the British Asso- 
ciation,’ vol. vii.) 

If we contemplate the influence-of the winds in the economy of 
human life, we shall find them highly beneficial. Though storms are 
often destructive to life and property, both at sea and land, yet they 
contribute greatly to preserve the health of animated beings by the 
dissipation of noxious exhalations: the winds impel the clouds from 
place to place, and thus diffuse over t tracts of country the rains 
which contribute so much to fertilise the ground. Wind is extensively 
employed in giving motion to machinery; and, till the recent appli- 
cation of steam, it was the only power by which ships were transported 
across the ocean between different regions of the earth. 

Whirlwind is a violent movement of the atmosphere in a circular or 
spiral direction apparently about a mathematical axis, the latter having 
at the same time a progressive motion, rectilinear or curvilinear, on the 
surface of the land or sea. 

The tornados of North America and the coasts of Africa, as well as 
the typhoons in the sea of China, have long been known as violent 
tempests in which the wind has a revolving motion of this kind, but 
these terms are commonly applied to such storms as are of short dura- 
tion and comparatively of small extent, the diameters of the vortices 
varying from a few hundred yards to one or two miles. It is now 
ascertained, by such evidence as leaves scarcely any doubt of the fact, 
that in all or most of the great storms which agitate the atmosphere 
the wind has a rotatory movement, and that the diameter of the 
circle within which the gyration is performed is sometimes equal 
in extent to several hundred miles: in great whirlwinds the axis 
appears to be either vertical or nearly so, but in those of small extent 
its inclination is often inconsiderable, and it is sometimes parallel to 
the horizon. 

As early as the middle of the 17th century the revolving motion of 
the wind, during the great hurricanes which take place in the West 
Indies, appears to have been noticed; and in a description of them, 
which was given at that time in the ‘ Philosophical Transactions,’ it is 
stated that, after a cessation of the trade-winds, the storm begins from 
the north; that the wind afterwards goes round to the north-west and 
then to the south, the storm subsiding when the wind sa to the 
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south-east : and in Colonel Capper’s work on the ‘ Winds and Mon. 
goons,’ which was published in 1801, the gyratory nature of the storms 
in the East Indian seas is inferred from the recorded in the 
directions of the wind during the storms of 1760 and 1770. Whirl- 
wind storms however to have been then considered as local and 


time to arrive at Boston, but he did 
not pursue the subject, and, from a mistaken estimate of the distance 
between those cities, his opinion of the rate of movement is now known 
to be erroneous. 


spiral motion inclining downwards and towards the centre ; and in the 
higher regions a like spiral motion inclining upwards and towards the 
exterior. He adds that, in storms of great extent, there is sometimes 
found a considerable area within which the winds are moderate and 
blow in various directions, These characters of a revolving storm 

to be verified by the manner in which trees were prostrated 
during the hurricane which occurred in New Brunswick in June, 
1835; when, about the centre, bodies of t weight were carried 
spirally upwards, and, on opposite sides of the storm’s path, the trees 
were thrown in con’ directions. It is observed that when a 
storm rages violently, the doors and windows of houses are often 
forced outwards, cither from the centrifugal force caused by the 
revolving motion, or from the expansion of the air within, when 4 
temporary rarefaction takes place on the exterior; and from the move- 
ments of the clouds it appears ‘often that a storm, in over a 
place, is in activity at a considerable altitude before it descends to the 
earth’s surface. 

That a whirlwind may have a ve as well as a revolving 
motion may be easily understood if it be observed that, as the atmos- 
phere in the tropical regions moves from east to west with respect to 
the surface of the land or sea, it may, after crossing the Atlantic and 
Pacific oceans, be arrested in its progress westward by the continents 
of America and Asia, and deflected from thence towards the poles : 
the whirlwinds formed by electricity or otherwise in the general 
current of air will consequently be carried with the deflected branches 
into high northern and southern latitudes; and it may occasionally 

pen that, from the nature of the deflecting forces, the path of the 
axis of a revolving storm in either branch is a curve line like a segment 
of a circle or a parabola. Sir John F. W. Herschel, at the meeting of 
the British Association in 1838, suggested that the Gulf-Stream may 
be the cause of the nearly bolic curves assumed by the paths of 
the storms on the coast of North America : the paths nearly coincide 
with the course of this stream; and the warmth of the water, by 
increasing the temperature of the air above it, must disturb the 
equilibrium of the atmosphere, and maintain the storms which had 
their origin in a lower latitude. 

It is evident that the velocity of the wind in a revolving storm must 
be the greatest and the least os rep on opposite sides of the axis 
of rotation, in a diameter which is perpendicular to the path of that 
axis ; for on one side the direction of the revolving current conspires with 
that of the progressive motion of the storm, and on the other it is con- 
trary to it. In other parts within the limits of the storm the direction 
and velocity of the wind must be compounded of the rotative and 
progressive motions; and it will happen frequently that a temporary 
calm is experienced at each point on the earth's surface at which the 
axis of the storm successively arrives. 

The phenomena of tropical storms are not precisely such as they 
would be ifthe air had a simple movement of rotation; the particles of 
air, while revolving, are probably subject to undulatory motions in 
spiral curves, and the wind appears sometimes to shift to different 
points all round the com Mr. Redfield states that, in small whirl- 
winds, the axis of rotation appears at times to describe tions in 
bw eos curves about its mean place in the line of progres motion ; 

the like gyrations probably take place in those of an extensive 
kind ; indeed in some voyages under the influence of revolving storms 

have been actually observed: but in order to simplify the expla- 
nation of the phenomena of whirlwinds, it is usual to assume that the 
particles of air revolve in the circumferences of circles whose centres 
are in the axis; the latter having at the same time a movement of 
progression in a rectilinear or curvilinear direction. Now, if the 
plane of the paper represent the surface of the sea, and a line through 
Ay icular to it, represent the axis of a whirlwind whose north 
and south diameter is N.,8., and in which the particles of air are sup- 
posed to revolve (for example) in the direction indicated by the order 
of the letters N., W.,8., E. ; the progressive movement of the axis being 
also roa to be from a, ti 1 N., or from south to north: then, 
since at N. a tangent to the circle lies due east and west, it is evident 
that a ship at that point would experience a wind blowing from the 
east when the centre of the storm is at a,; and if the ship remain 


sout! -west to 
being, 


— to A, As, 

irections in which the wind will 
the continuance of the storm. 
at a,, the convex surface of the storm has just reached ; 
the wind blows in the direction aM,, or in the circumference 


circle whose radius is A, M,, is at M,; and then, at the ship the wind 
felt in the direction )M,, or in the PRs be aah Bat radius is Ay M,, 
or its equal a, M,, that is, nearly from the east-by-south. Again,the 
axis being at A,, the point m, in the circumference whose radius is a, My, 

is at m,; and then at the rn el al 


in the cireumference whose radius is A, M,, or its equal A,M,, 
from the north-east. When the axis is at A, and A, the poi 
M, arrive at M,, and the wind there is felt successively in i 
dm, and ex,, that is, nearly from the north-by-west, and from | 
north-north-west, When the axis has advanced beyond 4,, it is evide 
that the whirlwind ceases to have any effect ona ship at m,. If 1 ; 
gente = drawn at mM, to pte bM,,¢M,, Se, they vould «ra 
parallel to tangents at the co: points M,, M,, &e.; there- 
fore the directions in which the circumference of the concentric circ 
meet the line of direction M, M, will be those in which the wind is felt 
at the ship during the storm, In like manner, the successive direc. 
tions in which the wind blows in a revolving storm may be exhibite: 
whatever be the situation of the ship and the movement of the axis of 


the ocean which is frequ the regi vinds, 
and is situated Mince igtand 0° N, lat., and between 55° and 60° 
the coast of the United States is. 


have been more 
other region of the earth, 


observ: : 
The valuable publications of Mr. B 
contain nearly all the details which haye yet been 
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in the southern rege see 
In'the ‘ American Journal of Science,’ vol. xx., it is shown that the 
rm which took place in September, 1821, began in the West Indies, 
and arrived off the coast of the United States, in lat. 35° N., at day- 
light, September 3rd, when the wind blew from E.S.E. On the same 
day, at 11 a.., the storm commenced at Henlopen, with the wind 
i to E.N.E., and blew 


i it violence. At New York 
the stormi commenced at 5 p., from E. and N.E., the wind blowing 
with fury for three hours, and then it to W. At Boston the 
hurricane commenced at 10p.a., but beyond this city it was not 
traced, All the phenomena just mentioned indicate, bly to the 
principles above explained, a revolving hurricane in which the direction 
of the rotation was according to the order of the cardinal points, N., 
W.. 8., E., while the ive movement of the axis was about N. 
m at Cape Henlopen seems to show that the 

that 


-N.W,, and blew with 


: 
af 


In the same work it is stated that, during the hurricane of 1830, at 
the Bahama Islands, the wind veered almost round the compass in the 


of Au 14, The storm appears to have passed from the 
i of St. near Porto Rico, to the south-east coast of Nova 
Scotia, in about six days, consequently it must have moved at the rate 
of about 17 miles per ; and by the positions of the different points 


A movement of progression combined with a movement of rotation 
in the direction of the points N., W.,5., E., is also indicated by the 
omena of the Barbadoes hurricane in August, 1831, in July, 1837, 
and of the hurricane at Anti August 2 of the latter year. But of 
the § which ts the most remarkable 
ed the Aid ge raged between the 12th and 23rd of August, 
837. Details of the circumstances attending it have been given at 
a chart of its course, by Sir W. Reid, in his work on 
it that it was first felt in lat. 17° 30’ N., about 
of Antigua, though it may have had its origin still 

farther eastward. 


eee teed aie ce tee ts on the ocean, Sir W. 
Reid concludes that the centre or axis of the storm advanced at first 
from east to west nearly ; and after moving in that direction about two 
days, it turned towards the north-west, asif the storm had been 
abruptly deflected from the land; and when the whirlwind ceased to 
be noticed, it was passing eastward across the Atlantic to the south of 
Newfoundland. On the 18th of August, 1837, a ship, named the 
Rawlins, was becalmed for an hour in lat. 30° 30’ N. nearly ; at that 
time another, named the Calypso, above three degrees northward of the 
Rawlins, was thrown on her beam-ends with the wind successively at 
N.W., W., and 8.W.; and a ship, named the Sophia, situated about 
as far towards the north-east of the Rawlins, evidently eastward of the 
storm’s centre, experienced the hurricane from the E.N.E., E., and 
E.S.E. Previously to the temporary calm, the wind at the place of 
the Rawlins had been N.E. by E. and N., and afterwards it suddenly 
changed to the 8.W. These circumstances sufficiently indicate that 
the whirlwind had then a progressive motion towards the north-west, 
and at the same time a rotation in the direction of the points N., W., 
S., E. On the 20th of August the wind at the point occupied by the 
Sophia appeared to veer back, first to the east, and subsequently to the 
north; and since at this time the progressive movement of the hurri- 
cane had changed from a south-west to a north-east direction, the 
veering of the wind admits of being explained on the supposition 
that Sophia had then fallen into the western semicircle of the 
whirlwind, while the latter, still revolving in the same direction, passed 
over her. 

That independent whirlwinds occasionally interfere with each other 
may be inferred from the circumstances attending the voyage of the 
Castries from St. Lucia to England in the same year (1837). is ship, 
between the 14th and 25th of August, sailed nearly from south to 
north on the chord of the are described by the centre of the great 
hurricane just mentioned. On the 14th and 15th, in about the 18th 

of north latitude, where the wind usually blows from the 
east, she felt a gale, which at first came from S.S.W., and afterwards 
changed to S.E., as if she had crossed the eastern side of a storm 
revolving in the direction N., W., S., E., and whose centre was moving 
nearly from east to west; this was in fact the said hurricane near the 
place where it was first observed. - The Castries then sailed northward 
with fair weather till August 24th, when, in lat. 35° 46’ N. and in 
long. 57° 40' W. nearly, she was overtaken by a whirlwind which 
oat over her. Now this could not have been the great hurricane 

‘ore mentioned, since at that time the latter had beyond 
the spot towards the N.E., and the rotation at its southern extremity 
must have caused at the place a west wind to be felt; whereas the 
direction of the wind at the was at first from E.8.E., subsequently 
changing to N.E., N., and N.W.: the ship must evidently therefore 
have been then in the north-eastern. side of a whirlwind coming 
np from the 8.E., and revolving, like the others, in the direction 


N., W., 8. E. This whirlwind must have fallen into the track 
semi: by the former, and probably both became afterwards blended 
together. : 

Mr. Redfield, Professor Dove, and Sir W. Reid, independently of 
each other, and nearly at the same time, ascertained, from the accounts 
of persons who had navigated the southern hemisphere, that in the 
whirlwind storms of those regions the rotation takes place in the order 
of the cardinal points N., E., 8., W., or contrary to that in which the 
rotations are made in the North Atlantic, the axis of the storm having 
also a progressive motion from the equator obliquely towards the south 
pole. Such appears to have been the nature of the storm near the isle 
of Rodriguez, February, 1807, in which the Blenheim, the flag-ship of 
Sir Thomas Troubridge, foundered; for it is observed by Sir W. Reid, 
that the Harrier, brig of war (one of the squadron), by scudding before 
the wind from the 1st to the 4th of February, described about three- 
quarters of the circumference of a circle in the order just mentioned. 
And since the ships first received the wind from the north-east, it may: 
be inferred that, by sailing south-westward faster than the storm 
advanced, they actually overtook it at its south-east side. A like cir- 
cumstance occurred to the ship Neptune, ‘during its voyage from 
Calcutta to the Cape, in 1835. From a French account of the hurri- 
cane which was felt at Mauritius in March, 1818, it appears that 
the wind began early in the morning to blow from 8.8.E. and §.; but 
in about an hour it changed te E.; and at daybreak it became N.N.E. 
and N., and when the storm ceased it blew from N.W. These circum- 
stances indicate a rotation in the order N., E., S., W., about an axis 
passing a little way to the north of the island, from nearly east to 
south-west. : 

But the most remarkable storm which Sir W. Reid has investigated 
is that which occurred in the Indian Ocean, in March, 1809, when the 
fleet, under the convoy of the Culloden and Terpsichore, suffered 
severely. The fleet, homeward bound from India, had got in lat. 
21° S., when, on March 14, the hurricane became so violent that the 
ships were di By tracing the courses which they pursued, and 
also those of four ships which had sailed from the Cape to cruise near 
Mauritius, Colonel Reid found that the general movement -of the 
storm from long. 80° E., where it was first felt, to long. 55° E., was 
from N.E. to 8.W. nearly: from thence the path turned abruptly, and 
its direction afterwards was from N.W. to 8.E. It therefore described 
a curve-line similar to that of the North Atlantic storm in August, 
1837, but in a direction tending towards the south pole; and the 
manner in which the wind veered at each of the ships whose logs have 
been examined is capable of being represented by assuming that the 
rotation was, as in the preceding cases, according to the order of the 
points N., E., S., W. 

From the 12th to the 15th of March the’whole fleet appears to have 
been near the southern extremity of the vortex, and to have sailed in 
a direction ‘parallel to the path of the axis. Seven of the ships, by 
lying to and falling to the southward, got out of the hurricane on the 
15th; but on the 18th, one of them, the Huddart, fell into the southern 
branch of the line described by the axis, and crossed the northern 
extremity of the vortex as that axis moved south-eastward. 

The Culloden, with part of the fleet, by sailing eastward, got, on the 
15th, nearly to the centre of the vortex in the northern branch; on 
the 15th and 16th this ship scudded before the wind ; but it after- 
wards changed its course to 8.E., and on the 19th it got out of the 
storm. ‘The ships which followed her probably continued to go before 
the wind ; they thus kept near the centre of the storm, where they 
must have foundered, 

In November of the same year, a hurricane which commenced in 
lat. 5° S. and long. 90° E., appears to have had little progressive motion; 
all the ships which were exposed to it experienced a temporary calm in 
the midst of the storm, and on the afternoon of one day, November 21, 
the wind veered rapidly quite round the horizon in the order N., E,, 
8., W. 

The whirlwinds in the Sea of China appear to differ in no respect 
from those which take place on the coast of North America, During 
a hurricane on the coast near-Canton, August, 1829, when the East 
India Company’s ship Bridgewater was driven on shore, the changes of 
the wind were successively from N. to E., and to E.S.E., ending at 
S.E. ; therefore, if it be supposed that the course of the storm was 
nearly from E. to W., and that the ship was to the north of its centre, 
the rotation must have been in the order N., W.,8., E. It has been 
ascertained that the rotations took place in the same order during the 
hurricanes of 1832 and 1835. 

Little, comparatively, is known of the storms in the Pacific Ocean ; 
but they also are of a rotatory character. 

In higher latitudes the storms are irregular, probably because the 
vortices follow each other in the same direction and interfere with 
each other's gyrations. The great storm which, in 1838, was felt on 
the south coast of Ireland, and eded from thence along the west 
coast of Scotland, had all the c ers of a whirlwind, It is stated 
by Sir W. Reid, that on the 14th of February, while at Cape Clear, the 
wind blew from 8.E.; off the gale was from S.W. ; at the same 
time, at the bottom of the Bay of Biscay, it was felt from 8. and 8,W,; 
and at the Shetland Islands, from the 16th to the 20th of February, 
the wind blew successively from S.E., 8., and 8,W. At Cadiz, between 
the 7th and 12th of February, the wind blew from 8,W, and W.; and 
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on the 16th, off Lisbon, there were heavy gales from S.W. to W.N.W. 
All these circumstances indicate a storm revolving in the order N., W. 

&., E., while its centre advanced in a line nearly from south to north. 
Professor Dove has remarked, in his already referred to, that in 
Prussia all storms are great pert yer continue during one or 
several days, sometimes as many as twenty, the rotation of the wind 
being generally in one direction. 

Te resulted m the in ion and comparison of these and other 
facts by Mr. Redfield and Sir W. Reid, that a revolving storm, or 
Cyclone, as it is called, rotates, in the Northern hemisphere, from the 
east, or the right hand, by the north, towards the west, or contrary 
to the hands of a watch; and, in the Southern , from 
the west, or the left hand, by the south, towards the east, or with 
the she enle of a watch. Professor Dove expresses the same fact, 

in both cases with the right hand, or the east side of the 
pam y S., E., N., W. for the Northern hemisphere, and N., E., 8., 
’, for the Southern. 

The variations in the height of the column of mercury in a baro- 
meter affofd, within the tro gists indications of the approach and the 
state of a whirlwind; the column is observed to fall gradually during 
part of the time that’ the storm continues at a place, apparently till the 
centre of the vortex has over, and then to rise as. gradually, 
The depression of the column continues also during the movement of 
a storm from one region to another; the centrifugal tendency of the 
revolving particles probably opposing that of gravity, by which the 
particles would otherwise move towards the axis of rotation. Proofs 
of these circumstances are given by Sir W. Reid from observations 
made at Mauritius, during the hurricanes in March, 1819, and in 
February, 1824. 

As the investigation of the subject has proceeded, the observation of 
the depression of the barometer during a revolving storm has been 
found to be of the utmost importance, as anes in a philosophical as in a 
practical point of view. The fact is connected inseparably with the 
general history of the atmosphere. That a considerable decrease of 
pressure should be an effect of-any unusual disturbance in it is a 
supposition so natural, that it at once occurred to those who first 
remarked that the weight of air surrounding us is not always the same. 
For the purpose of measuring these changes, the inventor of the air- 

Otto Von Guerike attached a scale to the water barometer, 
Which he also invented, and he records an observation that in the year 
1660, the index pointed below the lowest mark on the glass tube, on 
which he had confidently affirmed that there was a great storm some- 
where, and that, two hours afterwards a tempest was in the 
district of Magdeburg. As a more recent example, Dove mentions the 


Talony in all twenty-one lines, or an inch 

of the last two centuries indeed 
remark of Von Guerike, that the scales attached 
barometers usually terminate with “very stormy.” 
cability is not erp tow to the tem zone : 
70° W., the warning afforded by a 
barometer, enabled the celebrated navigator 
Eth ace detec tee eae 

id, as we have just seen, establi 

relation to the revol storms of the Indian Ocean ; 
regions of the trade winds, and of the monsoons, the 


eS diminished pressure ushering in the 
Ber Somes 


"ithe “Law of Storms’ principally Uy th a 
e wo! e 
continued researches of Redfield and 

brought into the condition explained in the mer 
latter, especially, having indicated to the seaman not only 
might, by applying the acquired knowledge of that law, 
cox of hurricanes, but even profit by their intervention in 


Seach wpe ans ven to the subject; a new 


to those by whom it cemieenernsed and who, 
Re ee his own 
theirs, Mr. Henry 


as an apt English ue synonyme Ho required, 
oop Ha constructed, and published in his work, what he 
Smein bemoaned chart, exhibi iting certain numerical 


phenomena 
of seven cyclones, — as being one of the most instructive graphical 


great storm of January 17, 1818, which extended from the shores of | representations of physical facts we have ever seen, and as gi what 
England to Memel, and was felt throughout a fall oleh 240 German | may be called one of the cyclones, we have copied . 
miles in length, and during which the sented) fi it lines in as | diagram annexed. 
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the value of the chart ; observations of the phenomena of cyclones, 
as may be supposed, having been made on the land. 
diagram thus comprises— 
Authority. 
I. Madras hurricane e : + 1836, Observatory records, 
IL Ae . « 1836, Cols, Lloyd, Lewis; Reid. 
1842, H. Piddington, 7th Memoir, 
JIL Caleutia M4 “ ¥ 7 s Jour. As, Svc.,’ vol. vii. , 
1837, Professor Dove, in Part x. 
1Y. St. Thomas, West Indies .- of ‘Scientific Seenutra? 
V. Duke of York, Kedgeree, mouth of { 1833, Mr. James Prinsep, ‘ Jour. 
” the Hooghly . : : As. Soc.,’ vol. iv., Reid, p. 291. 


VI. Havanah . . . - « 1846, ‘Bermuda Royal Gazette.’ 


1841, Observatory Reports, 5th 
VIL, Madras 3 ke : ; { Memoir, * Jour. As, Soc.,’ vol. vii. 


out to the hour of the day or night at which it occurs, the 
lowest point of the barometrical depression in a cyclone, as the centre 
or axis of that storm. This is placed on double, or axis lines in the 


of 
middle, and the fall and rise, and the time in which these occur are 
shown on a scale of hours below, and of inches to the right and left. 
ve thus the cyclones brought together and placed upon each 
it were, for comparison, under exactly equal conditions as to 
as to the fall of the mercury in that time, The scale of 
miles above will be presently explained. * 

And we are immediately struck with the fact, that there are evi- 
dently two distinct classes of cyclones, compared by Dove tu deep 
rayines with precipitous sides, and to extensive valleys with gentle 
declivities, in one of which the fall and rise are more or less gradual, 
forming an easy curve, while in the others it forms not so mucha 
curve but almost an angle, or rather the figures called by opticians 
caustic curves, and in these last cyclones the fall has been excessive 
and the fury of the tempest far beyond the average of such visitations. 
We may thus divide the storms into a first and second class; the first 
class being those of the greatest (excessive), and sudden falls near the 
centre, 


There is also evidently another peculiarity, that is, that all the rapid 
part of the fall seems to begin at from three to six hours before the 
a eo centre, and Les before Seo! time the fall even of the 
violent cyclones is comparatively gradual in fact approaches closel 
to the second class. ‘ ‘ = , 


extremes may be wider apart than the following table will indicate :— 


An ge fall of the b Shows the distance of the centre 
per hour of from the ship to be in miles, 

From. To. From, To, 
0-020. + « 0060 250. « « 150 
o060.. - 07080 150. . -« 100 
0-080 * « » 0°120 100. « « 80 
0-120. . + 07150 80. . - 50 

The third decimal of the b ter heights is replaced by a cypher. 


“T have not set down anything,” Mr. Piddington remarks, in con- 
tinuation, “ for the centre division of our table, that is, from the centre 
to 3h before its passage, for it will be seen that the rate of fall per 
hour doubles after the cyclone has fairly n and lasted six hours; 
and that then (from 3/ to ||, or from nine hours after the commence- 
ment up to the centre) it may either continue to fall at the same rate 
of about 0°1 per hour, or a little more, or that its rate of fall per hour 
may be, if it should be a cyclone of the first class, as 100 to 400, when 
compared with that of the former three hours; or, in other words, 
that it will now begin to fall four times as fast, or 0°40 per hour! 
We have plenty of instances of this, and even of a fall of more than 0°5 
or 6°75 (half or three-quarters of an inch) in the hour! I doubt not 
that this peculiarity will fully account to the seaman for, and I hope 
put him well on his guard against, cases of sudden falls, which, if 
they oceur at the beginning of cyclones, as they sometimes do, are 
warning enough, of course; but which may also advise him of his too 
near approach to danger of such imminence that we may at least say 
that no ship can hope to escape from it with her masts standing; and 
he should in such cases have the axes upon deck—a precaution too often 
neglected by ae commanders and officers, who are apt to su 
that caution indicates fear,and they are sometimes afraid of tetog 
thought afraid of the storm, It will be remembered, also, that it is 

te impossible by any previous rates of fall to estimate, when so near 
centre, which of the classes of storms we have to deal with; and I 
repeat that what we have to do with our ship must all be done before 
Ss tame ancl 
the -line, at the bottom of the diagram, is ited 
in section, on a very small scale, the entire form of cyclones, as from 
Mr. Piddington’s discussion of his own and other results it would 
appear to be—a disc, the thickness or height of which measures a very 
small fraction only of its diameter, The lines indicate the dises of 


Hips ses y9 on which the diagram is constructed, is to take with- | 


cyclones of 300 miles in diameter, and of 10, 7, and 3 miles in height 
respectively, with a supposed vortex (v) at the centre, which has a 
calm of 10 miles at its base. “The reader,” Mr. Piddington remarks, 
“may from this estimate what it would be if 5 or even 15 miles high, 
and how fallacious all our notions are apt to become when we consider 
these storms as whirling columns, and insensibly go on to liken them 
to waterspouts as to height, which it is evident they cannot at all 
resemble, since their size (diameter) may be said to have been in many 
cases estimated to a few miles with tolerable correctness; and in 
frequent instances the next stratum of clouds above the storm, either 
at rest or moving altogether differently, has also been clearly distin- 
guished and noted: so that we may boldly affirm that at most the 
height (thickness is the more correct word) of the disc never exceeds 
10 miles, and usually falls far short of it.” The cyclone-disc, indeed, 
is sometimes so thin, that at or near the centre, whether calm or not, 
it has often been seen through, of which the following, in Mr. Pidding- 
ton’s opinion, are instances :—Dr. Malcomson, in describing a cyclone 
in the Arabian Sea, in which a ship was dismasted and in great danger, 
after alluding to the intensely dark masses of clouds that pressed down, 
as it were, on the troubled sea, states that, “In the zenith there was 
visibly an obscure circle of imperfect light of 10 or 12 degrees.” In 
another storm, which was a true cyclone by its veering, and a tornado 
as to duration aud violence, while all round the horizon was a thick 
dark bank of clouds, the sky above was so perfectly clear that the stars 
were seen. In the cyclone, one of the number investigated by Mr. 
Piddington, of October, 1849, in the Bay of Bengal, at the time of the 

of the centre over the lighthouse at False Point, Palmiras, or 
for about two hours of calm, the stars were seen very clear overhead, 
with a thick bank of haze all round. In this instance, also, the 
observers in several ships speak of a circle of light, or of its being much 
clearer overhead at the centre; ‘‘and this is exactly the appearance 
which should occur to an observer situated at the centre of a thin dise, 
as well as to one in the focus of a thick vortex.” The phenomenon, in 
fact, is so constant, as to have received a name from the Spanish 
navigators, who call it “ the eye of the storm.” 

We proceed to explain some popular designations connected with 
the subject, and the phenomena to which they more specifically 
relate :— 

Tornado, a whirlwind, from the Spanish tornar, to turn, is the 
term given to a sudden and violent cyclonal storm, accompanied by 
lightning and thunder and heavy torrents of rain, as observed origin- 
ally on the coast of Africa, and in the Spanish West Indies. Terrestrial 
‘bodies within its influence are violently displaced, or the ocean is 
strongly agitated: on land, forests, plantations, and buildings are 
destroyed; and at sea, ships are engulfed’ or driven on shore: the 
effects are of course the greatest near the circumference of the vortex, 
and the space within which they are felt varies in extent; sometimes 
the diameter of the area is several miles, and at other times it does 
not exceed one hundred yards. The approach of the storm is fore- 
boded in the morning by the appearance, over the land, of dark 
clouds which move towards the sea, while a gentle breeze is blow- 
ing towards the shore: soon afterwards the rain comes down in 
torrents, and the lightning darting from the clouds resembles showers 
of electric matter. While the tornado is passing over aship, which may 
be four or five hours from the first appearance of the clouds, the flashes 
cease, but the rain continues, and a loud crackling noise, occasioned by 
the electric fluid descending along the masts, is distinctly heard 
among the rigging. After the squall has passed beyond the ship, 
the lightnings again appear to descend in sheets as they did on its 
approach. 

A less extensive whirlwind is frequently preceded by a remarkable 
tranquillity of the atmosphere and a sultry heat; when suddenly, 
within a circle of one or two hundred yards only in diameter, a 
revolving motion of the air commences, and is accompanied by thunder 
and rain: the velocity of the rotation gradually inereases, and at 
length its violence is such as to tear up trees and destroy buildings 
which may be within the vortex. It may not continue longer than 
half an hour, but in that short time the damage is immense, and the 
loss of life is frequently considerable. 

Typhoon (Greek tru¢év, a whirlwind) is a name frequently applied 
to a tropical storm : it is also given to the hot winds which occasionally 
blow with great violence in Africa, Syria, Arabia, and Persia; and 
which are felt, though rarely and with much-diminished force, in the 
southern parts of Italy and Spain. It has been supposed that the 
Chinese designation for a cyclone, Z'yfoon, was also originally derived 
from the Greek, but Mr. Piddington has shown, after the celebrated 
sinologist Dr. Morrison, that it is indubitably a Chinese word. The 
latter relates that there are in China “temples dedicated to the 
Tyfoon, the fea (goddess?) of which they call Kew woo, ‘ the tyfoon 
mother,’ in allusion to its producing a gale from every point of the 
compass, and this mother-gale, with her numerous offspring, or a union 
of gales from the four quarters of heaven, make conjointly a taefung, 
or tyfoon.” The sirocco of Egypt and the coasts of the Mediterranean, 
the simoom of Arabia, and the harmattan of the coast of Guinea, are 
understood to be so many designations of the typhvon; all of them 
being supposed to originate in the same cause. 

Frequently when the winds have a whirling as well as a progressive 
motion, columns of sand are raised and driven about with great 
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rapidity ; and Burckhardt observes that in Africa and the East the 
dust obscures the face of the sun, giving to the atmosphere a blue, a 
yellow, or a reddish tint. (Dust, Armosrneric.] M. de Humboldt 
occasionally observed columns of sand in motion in the interior of South 
America. 

The fatal effects which baye been said to result both from the 
masses of moving sand and from the supposed deleterious quality of 
the winds, are now considered as exaggerations ; the inconveniences 
felt by.men and animals during the continuance of the hurricane are 
chiefly such as arise from the heat and dryness of the air, and from 
the quantity of sand which is blown into the eyes. [Samrexr; 
Srrocco. } 

Some short notices on the theory of cyclones, and probably allied 
phenomena, must conclude this article. In Sir J. Herschel’s ‘ Report 
on the Reduction of Meteorological Observations,’ presented to the 
thirteenth meeting of the British Association, 1843, after discussing 
the philosophy of what he calls winds of barometrical oscillations, 
arising from local,and temporary causes prevailing over great areas 
simultaneously, and occasioning, eventually, an extensive atmospheric 
undulation, he applies the subject to the theory of cyclones in th 
following manner :—“ Some of the principal of the phenomena of 
revolving storms would seem capable of explanation in this way of 
conceiving winds of oscillation, and in which they would become 
traced up, not to funnel-shaped revolving depressions in the nature 
of waterspouts, but simply to the crossing of two large long [atmo- 
spheric barometrical] waves running in different directions. The 
way in which a rotary movement in an ellipse or circle, or in 
in some other partly oval and partly rectilinear figure, may result 
from the combination of two rectilinear movements of advance and 
recess, will easily be understood by the analogy of the circular and 
elliptic polarisation of light, where rectilinear movements of the 
ethereal molecules are conceived to be similarly combined, [Eutrrric 
PoLarisaTion.] Some features in such storms are strongly in har- 
mony with this view, namely, the fact that in them the direction of 
the wind at a given locality never makes more than one rotation, and 
not always that ; and that in the central line of the storm's progress 
there is a simple and sudden reversal of direction. On the other hand, 
it must not be concealed that some features militate against it ; for 
instance, the fact that such gales are stated always ‘ to revolve’ in one 
direction, whereas, on this view of their origin, the changes of wind 
ought to be in opposite directions on opposite sides of the medial 
line.” 

M. Lartigue, in a paper on the storms of the Pyrenees, communicated 
to the French Academy of Sciences on the 8rd of December, 1855, 
and of which an abstract appears in the ‘Com Rendus,’ has some 
remarks on their analogy to the hurricanes of the intertropical regions, 
and of the seas adjacent to the coasts of the United States of America, 
In these he announces an explanation of cyclones substantially identi- 
cal with that of Sir J. Herschel here given. Two illustrative  Baemesact 
represent a storm determined by winds the direction of which are per- 
pendicular to each other, and another produced by winds having 
diametrically opposite directions.. 

The following important suggestion on the immediate cause of hur- 
ricanes, has been made by Sir J, Herschel in several of his works, both 
anteriorly and subsequently to the preceding: it is now extracted from 
‘Outlines of Astronomy,’ 1849, par. (245), note :—“ It seems. worth 
inquiry, whether hurricanes in tropical climates may not arise from 
portions of the upper currents [of heated equatorial air) premature] 
diverted downwards before their relative velocity has been suffi- 
ciently reduced by friction on, and gradual mixing with, the lower 
strata, and so dashing upon the earth with that tremendous velocity 
which gives them their destructive character, and of which hardly any 
rational account has yet been given. But it by no means follows that 
this must always be the case. In general, a rapid transfer, either way, 
in latitude, of any mass of air which local or tem causes might 
carry above the immediate reach of the friction of the earth's surface, 
would give a fearful exaggeration to its velocity. Wherever such a 
mass should strike the earth, a hurricane might arise ; and should two 
such masses encounter in mid-air, a tornado of any degree of intensity 
on record might easily result from their combination.” 

The manner in which this is related to the principle enunciated 
Hadley to account for the trade-winds (col. 926), and developed 
Dove in his Law of Rotation, will readily occur to the reader. Sir 
Herschel, when last noticing the eubject, in his ‘Treatise on Me- 
tevrology,’ alludes to that principle and its development, as applied to 
this specific class of aérial movements by Professor Taylor, as affording 
“« complete account of all the characters of cyclones.” 

In the article WaTeRsrourts, the opinion has been expressed, that 
probably phenomena of several distinct classes are at present con- 
Founded. ther under thatappellation. Sir J, Herschel, contravening, 
as it would appear, his former opinion, now regards them as. of the 
nature of cyclones. Mr. Piddington, as we haye seen, carefully dis- 
criminates between them, at least os to form, on account of the 
discvidal character of the one set of phenomena and the columnar 
figure of the other; notwithstanding his admissions that wa’ its 
have the characters of whirlwinds, and exhibit them manifestly when 
they advance upon the land. It seems difficult to refer to the same 
causes a disc of which the thickness or height is a very small fraction 


of its diameter, as in cyclones, and a slender column of which 
diameter is an 
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phenomena of nature require, and but few of them have 
The force of the winds has been noticed under ABRopyNAMI 
the means of measuring it described under ANEMOMETER. 
rca Sailor's Horn Book, a catalogue of other works 
Law of Storms will be found, and on that subject, and that 
winds in eral, may be consulted (in addition to the works 
memoirs which have been cited in article), 
Remarks on Revolving Storms ; and also Mr. W. R. Birt’s 
Guide ; and his article on Atmospheric Waves in the Admiralty 
of Scientific cnet a 
WINDAGE is the quantity by which the bore of a gun, mortar, or 
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vol exceeds that of the shot or shell which is to be di 
it. 

The deviations of shot and shells from a truly spherical figure, and 
the inequalities in the bore of the ordnance, were formerly 
able ; and on these accounts it was necessary to have a su ic 


impulse on the shot, an that the une was driven from one 

of the surface of the bore to another; so that, pes Be 

fig the gun, it deviated widely from the intended of its 
ight, 

From the year 1775, when Dr. Hutton made his first experiments on 
the velocities of shot, the disadvantage attending a t windage was 
known, and a diminution of its quantity was ; but the precise 
amount of the force lost by it was not ascertained till the 1784 
and 1786, when experiments were made for the purpose ta part, of 
determining that important circumstance. From these it a , 
that about one-fifth of the charge of powder was lost by a 
equal to °06 inch, or Ard of the calibre (=2 inches), and a further lm, 
amounting to between - and jth of the charge, was occasi by 
increase equal to }th of an inch above the former windage. = 

The correct geometrical forms which are now given to the balls, and 
also to the bores, permit the windage to be reduced much below its 
former value ; it now varies only from 4th to 3nd of the calbre, in p 
case exceeding 0°2 inch even for the er oe guns, and is still in proce 
of reduction, as the manufacture of shot and shells advances in 


precision. ; 
WINDLASS, an apparatus for raising a ship's anchors. It is placed 
forward, as near to the hawse-pipe as convenient, A machine subject 
to such violent strains as those which constantly affect a ship's 
when in use, is necessarily built of the soundest oak and the bes 
in all the constructed of those materials, and is secured by ; 
vertical pieces of timber called bitts, which rise above the deck and 
serve the purpose of fastenings for the cable, which has first two or 
three turns round the of the windlass, The cable is wound 
either by means of handspikes or a winch. As windlasses for shi 

so varied in form and principles, it is unnecessary to enter into detail 
These dimensions have of late tag been greatly modified in conse- 

te bu 
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uence of the alteration of form , and especially steamers, wh 
e narrowness of the bows admits but of little length to peda 4 
raising emetene [Grovunn-Tacktr.] a 
WINDMILL is a b bcregead eens for grinding corn, 
pumping water, sawing or for any on w 
work, to which motion is communicated bs the impulse of the win 
Windmills are of two kinds: in one, the wind is made to act upon 


vanes or sails, generally four, which are disposed so as to reyolve b 
that action’ ot ws tate Which ta nesily haceceade aes eh 
nearly vertical; and in the other, the axis 


of revolution Pai reiely 
ne, any point on the surface of the vane revolves in a 
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pS oA former is called a vertical, and the latter a horizontal 


- The yis generally a wall of timber or brickwork in the form 
of a frustum of a cone; and the smaller kind of mill when formed of 
timber is capable, by means of a lever, of being turned round horizon- 
tally on an axis, in order that the plane in which the radii or arms of 
the sails revolve may be placed perpendicularly to the direction of the 
wind, for the purpose of allowing the latter to act upon the sails in the 
most advant. manner, In other kinds of mills the conical wall, 
‘AB, is ted above by a wooden dome, c, which is capable of 


e lower ring. The revo- 
lution is however facilitated by placing between the two rings of wood 
one of metal, in which are fixed four or six small wheels or rollers, as 
ab, on horizontal axles. The weight of the dome is supported on these 
rollers, which turn by its motion. Small wheels or rollers, as ¢, are 
also fixed on vertical axes in the projecting rim just mentioned; and 
as the dome revolves the circumferences of these rollers press against 
and turn upon the interior faces of the ring which is fixed on the top 
of the wall. 

The dome in turning carries with it the windsails, uN, and their axle, 
1Q; and thus the latter may be made to coincide with the direction of 
the wind, or the plane in which the radii of the sails turn may be made 

icular to that direction. The revolution is sometimes accom- 

i by the force of a man applied to a winch near the ground. An 
or one whose ends are spliced together, 
aes of the winch, and over one near the 

ulley in revolving gives motion to a 
lash aft smieloby- coat in teeth on the exterior 
of the ring which forms the lower part of the dome. 

But in general the wind itself is made to turn the dome of the mill 
so that the sails may continue in the proper position with respect to 
irecti i For this purpose there is provided a set of 
the extremity of a long horizontal 

passing through the vertical 
and on the side opposite to the great sails. These 


horizontal axis ‘ht angles to that plane, and are set 
of the wind when the latter deviates from 


their motion, or from a plane er agen to that in 
radii of fe mapesed pt anda pinion on eae ae 
motion to a wheel, and the axle of this fhe pe beara ck ose 

the wheel n; the axle of this last carries a 
in }others which are formed on the exte- 
ring GH, forming the base of the dome. 


to present the 
Sir W. Cubitt that we are indebted for this simple 

ement in the details of windmill inery. 
enough, it has never yet been applied in Holland or Northern 


ermany. 
This axle is usually inclined about 10 d to the horizontal line. 
It is supported at the inner extremity, pr, which is at or near the centre 
of the base of the dome, on the top of the vertical shaft, s 7, of the 


mill, and near the ite extremity on a block under a perforation 
in the dome. The passes through this perforation, the radii, 
or arms of the sails, are affixed to it on the exterior; the axle and the 


sails which it carries revolve with the dome about the lower point of 
support. A toothed wheel, R, is fixed perpendicularly on the axle, and 


|.revolves with it by the pressure of the wind on the sails; and the 
teeth or cogs of this wheel drive those of a lantern or pinion, s, on the 
vertical shaft of the mill. To this shaft, as an axle, the upper mill- 
stone is fixed, so as to revolve with it in a horizontal position; and the 
eorn beimg placed in a hopper, or funnel, is allowed to run from thence 
between the stones through a small channel, and through a perforation 
about the centre of the upper one. The lower millstone is stationary, 
and the corn being ground, the meal is received in vessels underneath, 
The principal wheel, n, is furnished with a brake, by which its motion 
may be checked or stopped at pleasure. 

The four radii, or whips, as they are called, of the sails, are let into 
the axle at right angles to it and to one another, so that a plane passing 
through them will decline about 10 degrees from a vertical position. 
Into each of these radii or arms are fixed a number of staves of wood, 
each five or six feet long, at right angles to it and inclined to the plane 
passing through the arms, but approaching nearer to coincidence with 
such plane, as they are more distant from the axle. The ends of these 
staves are inserted in a rod of wood extending nearly the whole length 
of the arm; and thus there is formed a sort of lattice-work on which 
canyas is spread to receive the action of the wind. In most cases each 
radius or whip of a windmill sail is about thirty-three feet in length 
from the axle to its extremity. 

The variations in the force of the wind require that the quantity of 
canvas on the sails should be varied accordingly; and the contraction 
as well as the expansion of a sail is usually effected by means of ropes 
fastened to it in three or more. These ropes may be either 
drawn tight or relaxed as required ; but for either purpose it is neces- 
sary that the mill should fora time be stopped ; and as the stoppage is 
attended with great inconvenience, several methods have been devised 
for rolling and unrolling the sails while in motion. One of these, 
which was invented by Mr. Bywater, consists in the application, on 
each arm or whip, of a cylinder or roller to which the canvas is attached: 
this extends the whole length of the arm, and has a toothed wheel at 
the extremity nearest to the axle; the teeth of this wheel work in 
those of two other wheels, and the motion of one or the other of these 
being stopped, the cylinder yolls up or unrolls the canvas, being made 
to turn on its axis by the action of the wind on the sail. Several 
methods have also been proposed for equalising the action of the wind 
on the sails of a mill, and they consist generally in the employment of 
a series of valves fixed in the frame work of each sail. These valves 
revolye on pivots which are let into the frames; and as the force of 
the wind increases, they present, in turning, less of their surfaces to 
its action, so that the pressure is rendered nearly equable. None of 
the methods seems however to be in use, probably on account of the 

yeat additional expense with which the construction would be attended. 

f late years wooden lattices working somewhat on the principle of the 
Venetian blinds, have been used instead of canvas for the sails of wind- 
mills, and their angle towards the wind is regulated by a species of 
governor fixed on the main shaft; but there seem to be mechanical 
difficulties in the way of this system which have hitherto opposed its 
general adoption. . 

A horizontal windmill is a great cylindrical frame of timber, which 
is made to revolve about a vertical,axis, and its convex surface is 
formed of boards attached in vertical positions to the upper and lower 
parts of the frame. The plane of each board is oblique to the lines in 
which the wind impinges on it, the direction in which the latter blows 
being supposed to be parallel to the horizon ; and the whole is inclosed 
in a fixed cylinder having the same vertical axis as the other: this 
consists of a screen formed by a number of boards which are disposed 
so that, in whatever direction the wind may blow, it may enter between 
them on one side only of a vertical plane passing through the axis, 
The wind thus entering acts upon the oblique surfaces of the boards 
about the interior cylinder on one side of the axis, while it is, ina 
great degree, prevented by the screen from acting upon the boards on 
the opposite side; these boards therefore meet with small resistance 
when, during each revolution, they come up towards the quarter from 
whence the wind blows. In horizontal mills one board may receive an 
impulse equal to that which the wind communicates to a sail of equal 
area in a vertical mill; but in the latter all the sails are acted upon 
equally at the same time, whereas in the former only one or two can 
receive the impulse of the wind, and there is always, besides, some 
resistance experienced in returning against the wind. Mr. Smeaton 
estimated that the power of a horizontal mill was only about one-tenth 
of the power of a vertical mill, the dimensions of the sails or vanes 
being equal in both ; but it is observed by Sir David Brewster that in 
this estimate no account is taken of the resolved part of the wind's 
foree which presses the pivot of the axle against its support, and which 
is lost on the sails of the vertical mill; and he concludes that the 
power of the latter is not more than three or four times as great as 
that of a horizontal mill. The effective power of the vertical mill is 
however so much greater than that of the other kind, that the latter is 
now seldom constructed. 

The effective force of the wind in turning the sails of a mill is investi- 
gated in the article Wrypsars. 

(See Brewster's edition of Verguson’s Lectures; Smeaton, On the 
Power of Wind and Water ; Borgnis, Traité Complet de Mécanique ; 
Leendert van Naturus, Groot Volkomen Moolenboek, &c.) 

WINDOW, Though almost unknown in ancient architecture, at 
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least in the re igious and other monumental structures of the Egypt 
ians, Greeks, Romans, which were not of a nature to require them, 
windows are exceedingly important features in the Gothic and other 


styles, and that not only for one, but every class of buildings. In the. 


Pointed Gothic more especially they are so characteristic by their 
general forms and proportions, as well as their decoration and details, 
as to be in that style equivalent to what the orders are in the temple 
architecture of antiquity: the division of Gothic into periods, as 
First, Second, and Third Pointed, or ap far ioe Decorated and 
Perpendicular, depends indeed mainly on the window-forms. [Gorntc 
Arcuitecture ; Romanesque Ancutrecture.] Gothie without 
windows would be as deficient in expression as Grecian architecture 
without columns. Grecian architecture, on the contrary, hardly 
admits windows, since, instead of adding to, they rather mar its 
expression, and detract from its character. There are, indeed, some 
examples of windows, for instance in the Erechtheum at Athens, yet 
no more than barely to serve as authorities, and to show how 
apertures of the kind were designed. Besides being of exceedingly 
rare occurrence in Grecian architecture, the windows themselves were 
very few in number, and never placed so as to form more than one 
tier or story of them ; consequently the effect was totally different from 
that attending two or more continuous ranges of windows placed one 
over the other. This t was, however, adopted by the 
Romans in such buildings as their amphitheatres, and also in their 
basilicas, and in the former with a very fine effect, as may be 
seen in the Colosseum at Rome, and the amphitheatres of Verona and 
Nimes. 

It is one very great advantage of the Pointed Gothic style, that 
there the windows derive strong architectural expression ho the 
apertures themselves ; which, with the mullions, transoms, and 
inserted in them, mainly form the design and decoration ; while the 
external mouldings and ornaments contribute to them only in a subor- 
dinate degree. Consequently, if otherwise quite plain, the windows 
can never appear mere vacant spaces. Widely different is it in those 
styles where the ornamental er is confined to the mere exterior or 
framing of the aperture ; in which, however they may be so decorated, 
the openings will, if of very large dimensions, always have a vacant 
look, and the glazing of the windows will appear to be in want of ade- 
ee support. It is another advantage peculiar to Pointed Gothic, 

t it allows windows to be of any dimensions—of the smallest as 
well as the largest, and windows of very different sizes and propor- 
tions to be introduced into the same elevation. [GorTuic ARcHITEC- 
TURE; ORIEL. 4 

In the Italian style, windows, by which we mean the window opening 
and the dressings around them, which last term is employed to 
designate the whole of the decoration bestowed on such apertures, or, 
in other words, the entire “ composition,” form as essential a feature as 
in Gothic, though admitting of comparatively little of the diversity of 
size, form, and character. French, German, and English Renais- 
sance exhibit much greater variety of illustration than the Italian. 

Renaissance ARCHITECTURE; ExizapeTuan ArcnirectuRE.] In 
talian buildings of the better class, the principal story, or that imme- 
diately over the basement or groynd-floor, is marked by windows more 
highly decorated and of loftier proportions than the rest. For these 
the are ly made from 2 to 24 squares, or even some- 
thing more, that is, their height is something more than double their 
breadth ; those on the next floor rather less than two squares; and for 
the third they are made mezzanines—either a perfect square or very 
little more. e character and proportions of ground-floor windows 
depend very much upon the manner in which that part of the eleva- 
tion is treated ; if it be no more than a low rusticated basement, the 
windows will only be of mezzanine form, without dressing; or at the 
most a few mouldings surrounding the apertures, the rusticated surface 
of the wall itself here producing a sufficient degree of finish and deco- 
ration; or if more be required, it is obtained by distinguishing the 
rustics around the windows, making them smooth if the others be 
rough, and vice verad. Thus, while the windows are essential, they are 
still kept subordinate features in the design. What has been said in 
regard to the sequence of the different tiers of windows in an elevation, 
is to be understood only generally, there being many exceptions, and 
not a few anomalous cases. In the facade of the Palazzo imi at 
Rome, one of Peruzzi’s best works, there are two tiers of mezzanine 
windows above those of the principal floor; in the celebrated Palazzo 
Farnese, on the con , the second-floor windows (which are also the 
uppermost) are somewhat loftier than the others, at least in their aper- 
tures, owing to these last being arched, and are further remarkable as 
ha iments, which are seldom used for windows higher up than 
the first floor. In Sangallo’s facade of the Palazzo Sacchetti, there is a 
range of mezzanines between the windows of the first and the upper- 
most floor, and instead of being made principal in the design, the 
former are considerably less than those of the ground-floor, and are 
narrower at top than at bottom. The facade of the Palazzo Negroni, by 
Ammanati, is similar in its general character to the preceding, there 
being a row of mezzanine and square windows between the first and third 
floor; and it also resembles it in the im ce given to the ground- 
floor windows. In regard to windows of the last-mentioned class, the 
Palazzo Buoncompagno at Rome, a work attributed to Bramante, offers an 
unusual example, for there the lower floor and its windows are made the 
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form of the , or becomes square-headed ; 
Saloehsts aliocmely sapuier sac segues eee 
pediments ( ly segmental), w 
none. Triple, or Venetian windows, as they are called, 
windows, are sometimes introduced in Renaissance buildings 
excellent effect ; and where a great degree of magnificence is 
tides are substituted for columns as decorations, From the 
of Palladio, balustrades have been added to windows, 
greatly to their picturesqueness of character, but 
ies” 2 ifferent result. [Iratian Ancarrecture; Renaissance] 
INDS, TRADE. [Wrxp.] 

WINDSAILS are the vanes, generally four in number, which, 
turned by the action of the wind, give motion to the 
mill. The wind being su to blow in a direction 
axis about which the sails are to revolve, it is evident 
of each sail must have a certain inclination to that axis, 
of the revolution, aia that a resolved of the wind’ 
act in the latter p! erpendicularly to the radii or 
Misa anlie sak bo teva iemees uonistenkie’ Se one direction about thi 
If the of the wind on the sails, su to 
to be alone considered, the determination of the angle 
of each sail should make with a plane perpendicular to 
the direction of the wind, in order that the pressure 
maximum, would be comparatively easy, For by the 
forces it is easily seen that the pressure lar 
and in the plane of their revolution, varies with the term sin? ( 
where @ is the angle which the sail, supposed to be a ' 
makes with the wind or with the axis of revolution : and 
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to be 54° 44’ nearly. 


motion to the radii must depend on its pressure, and also 
velocity of the surface against which it acts; and the angle which 
plane of the sail should make with the direction of the wind, when its 
pressure on the sail in motion is a maximum, must be determined 
an investigation similar to that which follows. 
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Let 8, A's’, parallel to one another, represent the direction of the 
wind ; wBx, w’s'x’, also parallel to one another, be two positions of a. 
section of the sail, which by the pressure of the wind is made to move 
so that B, B’, are in a line icular to AB. Now if it be 
that a’s’ is the space described by a particle of air while B would move 
renpnntisline & ke ten bberee eae Oe to B’ in a direction 
perpendicular to aB; the lines a’p’ an ill, respectively. a 
the velocities of the wind and sail in directions parallel to a’s’, while 
BB’ will be the velocity of the sail in the direction of this 
Draw a’c’ perpendicularly to wx or wx’, produced, an 
former line in c; then a’c’ and cc’ will be respectively the veloci' 
of the wind and sail pipe! to the line wx or w’x’, and con- 
Ng 4 a’c will be what is called the velocity of the wind in the 

Therefore, the pressure of a fluid being proportional to the 
square of the velocity, the pressure of the wind in the direction a’o’ 
will vary with a‘c?; and this being resolved in the direction a’p or 
will be expressed by a‘c® cos ca’p, or a’c? sin B'pb’, But ae 
constant, a’c varies with sin 4'sc; therefore the effective pressure of 
ae Nie will bet Pare at a'BO sin B' BO, 

the angle a’nn' be represented by a, BBL’ by 0; then s’/Ro= 
a—6, and the expression for the sebtis beonias dks 


sin? (¢—@) sin 0, 
ag the differential of this expression equal to zero, and reducing, 
tan (a—6) = 2 tan 6, 
Teas xY asa a so that B’x and xy may i 
pic ye pep pede: ey 6; and let a’n’, BB’ be reget ere: 
ia 


BX=v7 cos 0, B'x=y7 gin 6, 
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of this quantity being made equal to zero, the value of @ is found 


BP, 


X¥ (=2n’x)=2v' sin 0, and B’y (=8n’x) =3v' sing, TF? a 
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Again, draw yz pe 

B’Z(=B’'Y cos BBY) = 3v’ sin? 6, 

¥z(=B’y sin BB’y) = 3’ sin @ cos @, and 

Bz (=v'—B'2) = v—3r’ sin? 0. 
But by similar tri BZ: ZY :: BB’ : BA’, that is 

v'—3v’ sin? @ : 3v’ sin @ cos @:: v': v; 
whence v—3v sin? = 3’ sin 6 cos 0. 

Multiplying each term by v, and for v*, the first term, substituting 
its equivalent * sin’ 6+ v* cos’ 8, we have 

v* sin? 0+ v? cos? @—3v* sin? 6=3rv’ sin 6 cos 6; 
or simplifying, and dividing by sin? @, we get 

—2e+2 cotan @=3vv' cotan 0, 
which reduced as a quadratic equation, with respect to @, gives 

Bu ( 9v'2\h 
cotan @(=tan ABx) = Be t\2 + 7) - 
The angle aBx will evidently depend upon the relation between v’, the 
velocity of the sail, and v, the velocity of the wind: if v=o, or the 
sail is at rest, we should have tan aBxX= 4/2, that is, the angle aBx 
would, as above, be equal to 54° 44’ nearly ; and when v'=1, the for- 
mula gives ABX=74°19’ nearly. It follows that as the velocity of 
the revolution increases, the inclination of the section wx to the wind, 
or to the axis of rotation, should be increased. Since, therefore, the 
velocity of the sail continually increases from the axis to the extremity 
of the radius or arm which carries it, it is evident that the sail, instead 
of being a plane, ought to have a curved surface such that the incli- 
nation of the section to the direction of the wind may increase with 
its distance from the axis conformably to the values which would be 
given by the above formula, the ratio between the velocity of the 
wind and sail at any given distance from the axis of rotation being 
known or assumed. It was observed by Mr. Smeaton that the velo- 
cities of the sails at their extremities are often more than twice as 
great as that of the wind. From several experiments which were 
made on a great scale by the same engineer, it was found that the effect 
is very advantageous when the inclinations of the axis, or the direction 
of the wind, with a section of the sail taken i ly to the 
ing arm at different distances from the axis, were as in the 

ollowing table :— 
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rpendicular to BB’, or parallel to a’B’; then 


At one-sixth of the length of the arm Rat 3 
At one-third * ” < ; My aid 
At one-half 7 ae é ° aLae. 
At two-thirds » w . Pa fhe 
At five-sixths fo * . T7P 
And at the extremity ” . 83 


Mr. Smeaton found also that when each sail is broader at the further 
extremity than near the centre, the effect is greater than when it has 
the form of a-parallelogram ; and that the most advantageous breadth 
at the extremity is one-third of the length of the arm. 

There is a certain limit to the quantity of sail which a windmill can 
carry with advan ; and from Mr. Smeaton’s experiments it results 
that, when the of all the sails exceeds seven-eighths of the 
area of the circle described by each arm in one revolution, the ace 4 
is diminished; probably from the want of sufficient openings by whi 
the wind, after impact, may pe. Mr. Smeaton also found that the 
ratio between the velocities of windmill sails when unconnected with 
the machinery, and when loaded so as to produce the maximum effect, 
is variable; but, in general, that ratio is as3 to 2, The velocity of 
the sails when the effect is a maximum varies nearly with the velocity 
of the wind. 

The form and position of the sails remaining the same, the load or 
resistance when a maximum, varies nearly with the square of the 
velocity of the wind; aud the maximum of resistance which sails of 
similar figures, and in similar positions; will overcome at a given dis- 
tance from the centre of motion, will vary with the cube of the radius 
or arm of bye _ ; : 

WINE. e chemistry of wine presents many points of interest, 
and may be treated of independently of its history, manufacture, com- 
merce, and uses. 

In the juice of the grape, fermentation is excited by the access of 
air, aleohol and carbonic acid being formed by the decomposition of 
the sugar contained in the fluid— 


C,,1,,0,;, = 2C,H,0, + 4C0, 
—_ esp — 
Sugar. Alcohol, Carbonic acid. 


The process once commenced, continues independently of any further 
influence of the air. In addition to the alcohol and carbonic acid 
formed by the fermentation of the juice, there is also produced a 
yellow or gray insoluble substance, containing a large quantity of 
nitrogen, It is this body which possesses the power of inducing 
fermentation in a new solution of sugar, and which has in consequence 
received the name of ferment. [Ferment.] The alcohol and carbonic 
acid are uced, as above indicated, from the elements of the sugar; 
but the t is formed from those azotised constituents of the grape- 
juice which have collectively been termed gluten. [GtuTEN.] Gluten 
dissolved in pure water undergoes a process of decomposition; but the 
decomposition which it sutiers in an isolated state, and that which it 
ARTS AND SCI. DIV. VOL, VIII. 


undergoes when dissolved in a vegetable juice, belong to two different 
kinds of transformations. There is reason to believe that its change to 
the insoluble state depends on an absorption of oxygen; for its sepa- 
ration in this state may be effected under certain conditions by free 
exposure to the air without the presence of fermenting sugar. It is 
known also that the juice of grapes, or vegetable juices, in general 
become turbid when in contact with air before fermentation com- 
mences ; and this turbidity is owing to the formation of an insoluble 
precipitate of the same nature as ferment. The oxygen consumed in 
the fermentation of wine or beer is not taken from the atmosphere, 
though the access of this is necessary to excite it in the first instance. 
Gluten seems to act towards sugar a3 diastase does towards starch, 
namely, imparts that impetus to it which enables it to alter its con- 
dition. When both gluten and sugar are present in a liquid, fermen- 
tation will go on till the decomposition of one or other be complete. 
When the quantity of ferment is too small in proportion to that of the 
sugar, its fermentative putrefaction will be completed before the trans- 
formation of all the sugar is effected. Some sugar here remains unde- 
composed, as the cause of its transformation is absent, namely, contact 
with a body in a state of decomposition: this happens in the vins de 
liqueurs, the fruity or sweet wines. But when the quantity of ferment 
predominates, a certain quantity of it remains after all the sugar has 
fermented, its decomposition proceeding very slowly on account of its 
insolubility in water. This residue is still able to induce fermentation 
when introduced into a fresh solution of sugar, and retains the same 
power until it has passed through all the stages of its own transforma- 
tion. Hence a certain quantity of yeast is necessary in order to effect 
the transformation of a certain portion of sugar; not because it acts by 
its quantity in increasing any affinity, but because its influence depends 
sik on its presence, and its presence is necessary until the last atom 
of sugar is decom 
Climate and soil greatly modify wine both in kind and quality. 
Differences, however, in the vintage and manufacture often determine 
the character of wines made in the same district, and cause them to 
widely differ from each other in odour, flavour, and even colour. Such 
differences often occur spontaneously, as in the case of amontillado. 
The quantity of azotised matter in the juice seems to be the same in 
whatever part the grapes may grow; at least no difference has been 
observed in the amount of yeast formed during fermentation in the 
south of France and on the Rhine. The grapes grown in hot climates, 
as well as the boiled juice obtained from them, are proportionally rich 
in sugar. Hence, during the fermentation of the juice, the complete 
decomposition of its azotised matters, and their separation in the 
insoluble state, are effected before all the sugar has been converted 
into alcohol and carbonic acid. A certain quantity of the sugar conse- 
quently remains mixed with the wine in un undecomposed state, the 
condition necessary for its further decomposition being absent. The 
azotised matters in the juice of grapes of toe tent rate zones, on the 
contrary, are not completely separated in the insoluble state when the 
entire transformation of the sugar is effected. The wine of these 
grapes, therefore, does not contain sugar. but variable quantities of 
ecomposed gluten in solution. This gluten gives the wine the 
property of becoming spontaneously .converted into vinegar when the 
access of air is not prevented; for it absorbs oxygen and becomes 
insoluble, and its oxidation is communicated to the alcohol, which is 
converted into acetic acid.. By allowing the wine to remain at rest in 
casks with a very limited access of air, and at the lowest possible tem- 
perature, the oxidation of this azotised matter is effected without the 
alcohol undergoing the same change, a higher temperature being neces- 
sary to enable alcohol to combine with oxygen. As long as wine 
in the stilling-casks deposits yeast, it can still be caused to ferment by 
the addition of sugar ; but old well-layed wine has lost this property, 
because the condition necessary for fermentation—namely, a substance 
in the act of decomposition or putrefaction—is no longer present in it. 
In hotels and other places, where wine is drawn gradually from a cask, 
and a proportional quantity of air necessarily introduced, its erema- 


causis—that is, its conversion into acetic acid—is prevented by the 
addition of a small quantity of sulphurous acid. This acid, by entering 
of the air contained in the cask or 


into combination with the o 
dissolved in the wine, prevents the oxidation of the organic matter. 

A knowledge of the facts just mentioned enables us to comprehend 
the nature and objeét of the practices adopted empirically for the pre- 
servation of wine ; above all. of those which are requisite to prevent it 
passing into the state of acetic acid, to which the wines of northern 
countries, or poor weak wines, are most prone, Thus, the processes of 
racking, sulphuring, fining, mixing, bottling, and keeping in cellars the 
temperature of which is low, are obviously all directed against the 
occurrence of the acetous fermentation, as they are mostly inadequate 
to check the vinous fermentation, and indeed altogether unnecessary, 
since so long as the vinous fermentation is going on—that is, as long as 
the alcohol continues to be generated—the wine is gaining in quality. 
Once begun, the presence of atmospheric air is in nowise necessary for 
the continuation of the vinous fermentation; in fact, the more 
thoroughly it is excluded the better, for while the vinous fermentation, 
by which the wine is ameliorated, goes on, the acetous fermentation 
cannot commence. 

From the above facts, established in the main by Liebig, it appears 
that while the azotised matter (gluten) in grapes, wherever grown, isa 
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fixed quantity, the acids and saccharine matter are variable. When 
there is more saccharine matter, as in Rivesaltes, Frontignan, and 
Tokay, than there is gluten to transform into alcohol, a portion of 
und posed ins, sufficient not only to give that taste 
which has acquired for them the name of sweet wines, but also to exert 
the usual tive power of , when present in large quantities, 
and resist decomposition. Thus, Muscadine wine has been kept two 
hundred years; Mountain, buried at the time of the Fire of London, 
and disinterred in 1811, was excellent; and old Tokay, called vino 
vitrawno, is in perfection at the end of a century. i 
neither sulphuring nor fining (Schams, ‘Ungarns Weinbau,’ erster 
band, p. 75); the casks are hermetically bunged; and the reason is 
obvious. To the juice of grapes grown in colder climates or cold 
seasons, sugar, especially starch-sugar, is added at the beginning of the 
fermentation. in order to consume all the leaven, Also to wine which 
it is apprehended is about to become sour, or pricked, as the first sign 
of its Cepsaten acetified is termed, sugar is also added ; but if vinegar 
has really been formed, this introduction of sugar, so far from hinder- 
ing, only hastens the further transformation, as the presence of vinegar 
is the most powerfully disposing agent to this change. 
The odoriferous principle, or bouquet, of wines, appears to be due to 
peculiar ethere, or Ernereat Savts, and, according to Winckler, to 
combinations of volatile fragrant acids with a nitrogenous base of 
balsamic odour. The conditions of the formation and of the decom- 
position of these compounds are not very well understood at present ; 
some of the ethers, however, can be formed artificially. 
The intoxicating quality of wine is, of course, due to the alcohol, the 
cause of the production of which has already been described. The 
method of ascertaining the amount of alcohol present in any sample, 
and a table showing the centesimal proportions of alcohol in various 
wines, will be found described under ALCOHOLOMETRY. 
Free acids, or acidulous salts, are present in most wines. Malic, 
tartaric, and citric are commonly met with. Port wine contains tannic 
acid, and the briskness of effervescent wines is due to carbonic acid. 
This natural acidity of wine must not be confounded with the sourness 
which wine sometimes acquires, and which is due to acetic acid, gene- 
rated by oxidation of alcohol, as already described. 
The colouring matter of wine is derived from the husk of the grape. 
If wine be prepared from the expressed juice only, it will have little or 
no colour, as in the case of Champagne; butif the skin be also present, 
its colour will go into solution during the process of fermentation, and 
will give the characteristic tint to the resulting wine. The presence 
or absence of the purple skin, therefore, ee the colour of the 
, as popularly supposed, determines the colour of wine. 
othe chief saline westionans of wine is bitartrate of potash, or wine- 
stone, or ar, ol, as it is technically termed. It is the commercial source 
of tartaric acid, and has already been treated of in detail. [Tartarto 
Acrp. 
Wives are much adulterated. For the English market they are 
commonly “ fortified” with brandy, and superior varieties are fre- 

uently diluted with those of inferior quality. Elderberry juice, called 
Cheriptgo, also the juice of Phytolacea decandra, boiled must, and burnt 
sugar are used for colouring; kino and logwood are used for the same 
P , and to augment the astringency of port wine ; and occasionally 
Trtificial ethers are added to give flavour. 

WINE MANUFACTURE. Wine is the result of the fermentation 
of certain saccharine fluids. either existing naturally in the juices of 
plants, or artificially blended together. The natural juices susceptible 
of fermentation are found either in the roots of plants, such asthe 
parsnip and beet-root; extracted from the stem, as in the birch and 
cocoa-palm ; expressed from the leaves, as in the grape-vine; obtained 
from the spatha, as of the Sagus vinifera, the Phani# dactylifera, and 
other palms; and in the mature or immature fruits of many well- 
known plants, such as gooseberries, currants, and, above all, the 
grape, to the fermented juice of which the term wine is always 
understood to be applied when used absolutely. Though alcohol is 

it in all wines, yet many other principles exist in them; the 
number of which, and the manner in which they are blended together, 
as well as their relative proportion, give to different wines their dis- 
tinctive properties, 

The Vitis rinifera, the only a seen which yields the most esteemed 
wine, has, from receiving the long-continued attention and culture of 
man, a very extensive geographical range, [Vrris. in Nat, Hist. Drv.] 
From 54° or almost 55° N lat. to 45° 8. lat, the vine may be found; 
but it by no means yields a grape fit for fermenting into a sound good 
wine in all the intermediate space. Up to the 5ist degree of N. lat. 
the preparation of this beverage is conducted with various degrees of 
success and diversities in the qualities of the wines. In the hotter 
countries alone are the rich sweet wines, often called in technical 
language Ving de Liqueurs, pre , a8 in those only is so much 
su, as to allow the fermentation to furnish sufficient of 
the vinous principles to the product, when the fermentation ceases 
from the leaven being all expended. The Muscat grape, which in the 
south of France yields the rich sweet wines termed Frontignan, Lunel, 
and Rivesaltes, on the Rhine a / ripens sufficiently to furnish a grape 
for the table or dessert. Nor does the same latitude always permit 
the grape to acquire the perfection requisite for good wine. The 
isothermal lines and the degree of humidity, especially the clearness or 


between 50° and 51°. The longitude of Devonshire is near’ q 
the province of Spain which yields the finest sherries; and it is not 
relay difference of 14 degrees ed brn whee eaten south Ms 
for ripening a grape suital lor wine, since portion 
the Rhine which lies between Coblenz and Diisseldorf, which produces 
good wine, has precisely the same latitude; but the greater humidity 
and cloudiness of the atmosphere in the south-west of apt 
intercepting the sun's rays, prevent the full ripening of the grape ; 
the same reason, Holland scarcely produces grapes possessing , 
enough to yield wine (Mulder) ; and the observations of Dr. Daubeny 
have proved that the ripening of fruits depends more on the illumi- 
nating rays than on the calorific or chemical rays. The ious 4 
held out by some writers that the grape might be cultivated in Engl: 
so ‘as to yield wine, would soon be dissipated by any extensive trials, 
which it is to be desired may never be made. ( 's ‘ Lecture on 
the Geography of Plants;’ and Watson, ‘ Geographical Distribution — 
of British Planta’) _ 
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of wine pemenes of distinct qualities when 

Rhine ; the same sort of grapes. grown near Lisbon, yield 
only retains some of the peculiarities of the original; the 
at the Cape of Good Hope yield what is termed 
bearing any resemblance to the true Rhenish ; while 
Madeira, produced by the same sort of grapes, though a delici 
has scarcely a quality, except durability, like that of the origina) 
local influences produce effects which are alike inexplicable and i 


the soil is the main cause 
Cape. The climate there is most favourable to the growth of the yine 
yet in one small space only is a tolerable wine uced, the two con- 
tiguous farms of the Great and Little Constantia yielding, the 
the red sweet wine, the latter the white Constantia: the soil on wl 
they grow is decomposed sandstone. Where no a i difference 
of soil can be pointed out, differences arise from the cultivation of a 
different kind of grape. It is stated, on the authority of Meyen 
(‘ meant. aes p. 369 of English translation, published by the 
Ray Society), that there are instances “of the same variety  / vine 
being planted on the side of a hill or mountain, and the wine which is 
the produce of the grapes from the highest parts of the mountain will 
differ essentially from the wine which is the produce of the grapes of 
the lower part of the mountains The wines known by the name of 
Johannisberger and Rudesheimer in oo are the uce of vines 
growing close together, and resembling other 
racters, ‘The vineyards also that produce the Leistenwein, Wiirz- 
burger, and Steinwein are very near to each other. It is probable 
that this difference is owing to the composition of the soil.”" This is 
not altogether correct. Johannisberg is only 150 feet above the level 
of the Rhine, and it is quite certain that the produce of the summit, 
close to the caatle or Schloss of Johannisberg, is of a quali —_ { 
superior to the produce of the place called Johannisbergerhdéhl, d 
from any peculiar or insurmountable cause, but because the former, 
belonging to Prince Metternich (and the adjacent parts to some other 
large proprietors), can receive an amount of carefttl and skilful treat- 
ment, which the other, being divided among a number of small pi 
prietors, never does. This subdivision is the cause of an annual loss 
of many thousands of pounds, (Bronner, ‘ Weinbau in Siid Deutsch- 
land, Dritte Heft, p. 113.) The grape cultivated in both places is 
the little Riesling (Der Kleine Riesling of some, Weisser Ri of 
others; the Viis vinifera pusilla of Babo and Metzger's ‘ Wein und 
Tafeltrauben der Deutschen Weinberge und Giirten,’ Heft viii, t. 46) ; 
but in the vineyard of Prince Metternich and the other great 
prietors three gatherings of the grapesare made as they reach 
and other measures are adopted to ensure a produce of the hi 
excellence, Besides the protection of the castie wall, the whole has 
since 1824 been surrounded with a stone wall 10 feet high. 
greatly promotes the steady progress to maturity of the grapes by 
securing a quiescent state of the air, which is known to be extremely 
beneficial, and which, when imitated on a small seale in this country 
by surrounding a bunch of gra with a muslin bag, forwards its 
ripening very much. The wine of Luginsland and the Liebfrauenmilch 
owe their superiority over that of the neighbouring vine: to the 
rotevtion of the town-wall of Worms. (Bronner, Heft ii., pp. ae { 
he advantage of tection against agitation of the air is so well — 
understood in the Rheingau, that the belts of vineyards which clothe 
the height of Hochheim tone very different prices, according to their 
position. One morgen, close to the bed of the river Main, brings in — 
the market two thousand florins; a higher morgen brings one thousand — 
florins; and one at the summit only five hundred. (Brouner, iii., , 
pe The geognostic character of the soil of Johannisberg is argil- 
schist, with a moderate proportion of mica, and in one _ 
place passes into a ish quartz, which is very hard, and undergoes: 
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siti This is overlaid with diluvial and 
in most places ex the south-west side, From 
thes and Sher. counties follows that the wil is of very 
diversified character. (Bronner, iii., p. 116. e exposure is south- 
west, with a slope of from ten to fifteen de; Rudesheim is well 
by its natural and a lofty forest called Niederwald : 
is much steeper, so that the earth can be kept from being washed 
down only by numerous terraces, between which the air is as hot as in 
a conservatory. The soil is composed of stones of a dark colour, 
radiate heat during the night to such a that the grapes 
are surrounded by almost a southern climate. The grape most com- 
mon, at least in the old vi is the Orlvans (Vitis v. aurelvina. B. 
u. M., Heft x., t. 60), which has the property, in this stony and hot 
, of continuing productive until the age of fifty or more, which | 
not the case with any other grape. But as it only gives a good wine 
in very favourable years, and as the wine from the Riesling grape 
ings 80 high a price, the new vineyards are mostly planted with 
the : the ety of this substitution is very doubtful. 
(Bronner, iii, 136.) ese facts are sufficient to account for the 
differences between the Johannisberger and Rudesheimer wines. 
The differences between Leistenwein and Steinwein are still more 
accounted for. The Leiste is on the left side of the river Main, 
the on the right, the Stein being close to the river. The soil of 
both is argillaceotis with calcareous portions, especially fragments of 
lime, atid this is the soil commonly met with in Wtirtem and in all 
&. Why these two wines should differ from all others of the 


Bronner, vi., p. 82.) inant of the Stein vine- 
Se is cle in ot Se ng ci 
wein is as the wine 0} sou 
ve . The Steinwein must not be confounded with the Stein- 
wine of the Rhine. The Montillado of Spain is the produce of 
a white soil, cofitaining 70 per cent. of carbonate of lime, with alumina, 
silica, and 4 little magnesia, while the Manzanilla is the produce of 
the terrains rouges et sablonneux. Yet the wines do not greatly differ 
ft. More importance ameter Con the erent 
deserves; its physical perties are more nce i 
chemical. Rath was clearly of this opinion, for he maintained that, 
provided it is 1s, free, and light, its component parts are of little 
consequence. Perhaps caleareous is on the whole the best, simply 
because it readily imbibes the rain, and allows a clear atmosphere to 
surround the vines. Even Mr. Busby (see his ‘ Visit to the Principal 
Vv of France and Spain,’ p. 131), who so strenuously maintains 
the superiority of a caleareous soil, when remarking on the reputation 
and limited extent of some of the first-rate vineyards, repudiates the 
jdea of the soil being the cause. “ Ih all those districts which produce 
wines of high reputation, some few individuals have seen the advantage 
of Logger | a particular variety of grape, and of maiaging its culture 
so as to bring it to the highest state of perfection of which it is 
capable, The same care has exténded to the making and subs 
sequent ent of their wine, by seizing the most favourable 
moment for vinhtage—by the rapidity with which the grapes are 
gathered and pressed, so that the whole contents of each vat may be in 
exactly the same state, and a simultaneous and equal fermentation be 
secured throughout—by éxereising equal discrimination and care in 
the time and manner of drawing off the wine, and in its subsequent 
treatment in the vats or casks where it is kept; and lastly, a Ba 
selling the wine till it should have acquited all the perfection which it 
could acquire from age, and by selling, as the produce of their owt 
vineyards, only stich vintages as were ealctilated to acquire or maintain 
its celebrity. By these means have the vineyards of 4 few individuals 
acquired a which has enabled the proprietors to command 
almost their own ptices for their wines; and it was evidently the 
interest of such that the excellence of their wines should be 
imputed to a pectiliarity in the soil, rather than to a system of manage- 
ment which others might imitate” (p. 133). But some experienced 
wine-factors, not proprietors of vineyards, hold a different opinion. 

It is greatly to be wished that the truth of this imp. t statement 
were im on all persons having the charge of vineyards, as it is 
certain that by attention to these and other citcumstances quite 
within theit control, the quantity of good wine might be much 
increased and its lessened. Bronner distitictly states that in the 
Bergatrasse near Heidelberg, by obstinate adherence to old and indo- 
lent practices, the produce is annually one-third less than it might be 
(Heft vii., p. 20). 

some liar strong-smelling substance exists in the soil, an 
Pg alecged sore to the wine which renders it unpleasant. This 
js the case when stitikstein (a native variety of subcarbonate of lime, 


Q 


called pierre puante) is present. The vine-growers of France and 
Portugal have so strong an aversion 0 manuring the vines, from the 
notion that it deteriorates the flavour of the wine, that in the latter 
country, at least in the port-yielding district of the Alto Douro, the 
use of manure is forbidden by law. This seetns to be a prejudice, for 
the German cultivators manure the vines very freely, and no wines aré 
more esteemed for bouquet than those of the Rhine; and Bronner 
justifies the practice (Heft iii, 44), not only with fresh cow-dung. which 
is used at Johannisberg, but with fragments of woollen cloth pre- 
viously steeped in liquid manure and dried; which is found greatly to 
augment the produce. Professor Rau bears testimony to its utility, 
The practice is adopted oftener with the red than white grapes; the 
former every third or fourth year, the latter only every tenth. Even 
the proprietors of the vineyards near Bordeaux, which produce the 
highly-prized_clarets, employ manure “ once every four or five years.” 
(Paguierre, ‘ Wines of Bordeaux,’ p. 28.) But perhaps the best manure 
for vines is the cuttings of the vines themselves when pruned, as 
recommended in Liebig’s ‘ Chemistry in its application to Agriculture, 
2nd edit., p. 250 -—* The vines are prined in the end of July or 
beginning of August, whilst still fresh and moist. If they are then 
cut into small pieces and mixed with the earth, they undergo putre: 
faction so arcplotely. that at the end of four weeks not the smailest 
trace of them can be found.” These restore to the soil the alkalies 
abstracted by the grapes, which are so necessary for the perfection of 
this fruit. Probably ferns, so rich in alkalies, would answer well. 
But the same vines will yield a wine having very different qualities, at 
least as to flavour and perfume, in different seasons, “ These qualities 
are, in truth, of so delicate and inconstant a nature, that they may be 
said to vary from year to year; there being perhaps no two vintages, 
though collected from the same spot and managed in the same manner, 
that will be found completely identical in flavour and perfume.’ 
(Henderson’s ‘ History of Ancient and Modern Wines,’ p. 135.) The 
correctness of this statement is proved by the varying character of 
the vintages in different years. It rarely happens that the good Port 
years coincide with the good Claret — as a heat which ripens well 
the grapes in the comparatively cold climate of Medoe scorchés the 
grapes in the Alto Douro, and vice versd. The year 1811, commonly 
called the comet year, was remarkable for the excellencé of the vintage _ 
in almost all the wine-yielding countries of Europe. 
The subject of the cultivation of the grape has been treated under 
nets «Hi we poyentoty: aks to a of A a oa of 
wine. e stage at which the grape is fit for gathering depends upon 
the kind of wine intended to be made. When a brisk Kind | is wid 
such as Champagne, the grapes are gathered before they are fully ripe ; 
and they may be collected even in foggy weather, or before the dew is 
dissipated from the vines ; though for all other kinds dry clear weather 
is proper. (Henderson, p. 15.) This author (in general so accurate) 
states that “if the object be to obtain a dry full-flavoured winé, the 
grapes should be gathered a8 soon as they have ee their pro 
maturity, and before they begin to shrink or wither on the etal.” 
But in the case of the most esteemed German wines, which are the 
driest of all, the gathering of the grape is postponed as late as ible, 
by which many free acids are got rid of, and the wine at a much earlier 
oe of keeping is so soft and delicate, that the new wines are pre- 
erred to the extremely old wines, which were in great request 
previous to the adoption of the plan of late gathering. ‘The advantage 
of this was first accidentally discovered at Johannisberg in 1790; but 
it was so long opposed that its establishment as a practice dates only 
from 1822. (Bronner, Heft iii., pp. 149-150.) But frost, in November, 
1858, destroyed to some extent the vintage of 1858, Thus at 
Johannisberg the vin of 1811 was very late; that of 1831 did not 
commence till the 17th October, nor did it conclude till the 5th 
November : and in 1834 the grapes were all hanging on the vines, but 
perfectly sound, so late as November. Yet these are among the most 
renowned vintages of the present century. In the warmer parts of 
the south of Spain and of France, and also at Tokay, where vins de 
liqueurs are made, the grapes are allowed to remain very long on the 
vines ; the stalks are twisted, so as to prevent the influx of any recent 
sap; the thinner or watery oY go evaporates, and the dry or 
shrivelled grape almost resembles @ raisin, and contains mitch sugar. 
On the Rhone a small quantity of sweet wine is made from the ripest 
grapes, which are hung up on hurdles, or spread on straw, for six 6t 
eight weeks, or until they become half dried. The liquot obtained 
from them, from the mode of preparation, teceives the name of straw 
wine (vin de paille), In some cases the must is boiled; this is often 
done with the sherties of Spain: when the boiling is carried far, a 
very sweet luscious wine is produced, such as the wine of Cyprus, the 
vino cotto of the Italians (vinwm coctum of the ancients), the original 
Malmseys of Candia, and the other tich wines of the Grecian archi- 
pelago. The colour of wine is not always dependeit on the colour of 
the grape from which it is prepared. Champagne is the produce of a 
red grape: red and white grapes are used indiscriminately for Shetry ; 
but white Port is made only from a white grape. The stalks promote 
the fermentation, and if they, as well as the hulls or skins, are with- 
drawn before the fermentation has proceeded far, as it is not till some 
alcohol is generated that the colouring principle is dissolved, those even 
of red grapes neither comimunicate colour nor taste to the wine. 
They are early withdrawn from the delicate red wines of Bordeaux ; but 
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retained longer in the red wines of Portugal ; hence the greater auster 
and astringency of the latter. The wine +! 
ee a cea hee perdriz, 
ecleen bei Sepenes an admixture on 
rau. ome, which rn grape, 
for a few minutes with strongest spirit of wine, in the 
i of , added to it. 


wow, ry 

raugome is added, «Th this preparation 
eed al ed sh ar sho wie wil ar Hoping” (Paguierre, 
P- 


Taputarn Virw or Tur Vixtacrs or Foun OF THE MOST DIFFERENT AND CELE- 
BRATED WINE-COUNTRIES, EXTENDING PROM ALMOST THE MOST WESTKRN 
7O THE MOST EASTERN POINTS WHERE FAMOUS WINES ARE PRODUCED IN 
Evrorr, Ix THE coL.uMN or CLARETS ONLY THE MOST NOTED YEARS ARE 
GIVEN, THE INTERMEDIATE ONES UEING EITHER “ NULL,” “BAD,” OR ONLY 
“‘wrppirxo.” Toe Rxpression “GOOD” REFERS ONLY TO THE QUALITY: 
SOME YEARS BEING GOOD, WITH AN ABUNDANT PRODUCE; OTHERS GOOD, 
WHILE THE QUANTITY WAS SMALL. 


Year. Porr, Craner, (| Ruexun. | Tokay 
1811 good first-rate very good very good 
1812 fine * ae mi good 
1813 middling bad bad 
1814 middling “sé bad bad 
1815 very fine first-rate | middling bad 
1816 middling i oe | very bad bad 
1817 middling | at | very bad middling 
1818 very bad os | middling middling 

| 1819 bad good | good middling 
1820 very fine oe inferior bad 

1821 fine ws inferior middling 
1822 Ss fine 4 very good good 
1823 fairish e> inferior 
1824 inferior ms inferior middling 
1825 bad very good middling bad 
1826 middling os good | middling 
1827 fine ee good good 
1828 middling | <n inferior bad 
1829 bad “ bad bad 
1830 fine } ee bad good 
1831 inferior ¥ good middling 
1832 inferior ee inferior | ae 
1833 middling se inferior | S 
1834 very fine good very good P, 
1835 middling } oo inferior , 
1836 inferior 5 | inferior 
1837 inferior se | bad | re 
1838 inferior ‘ | bad Se 
1839 bad | es | bad j es 
1840 very fine Fi bad a 
1841 bad i 8 bad «e j 
1842 fine m middling * 
1843 interior | ce bad oe | 

| 1844 fine very good bad * 

1845 bad | bad aa 
1846 | good a very good | d 
1847 very fine | very good | bad ae 
1848 middling very good good? | oo 
1849 inferior 0 | bad | ° 
1850 good os | bad ' 

1851 good good bad | 
1852 bad eo middling i 
1853 fine i ‘es | bad 
1854 good very good | bad 
1855 bad oe middling | 
1856 very bad o wi 
1857 very bad | good very good wy 
1858 good | very good | very good | oe 
1859 bad ar | good ee 
1860 good ‘ very bad 


The wines of the Moselle may be distinguished from those of the 
Rhine by having a greenish colour, while the latter have a yellowish 
colour. At Cotnar, in Moldavia, a wine is prepared which is green, 
which peeves sep time ; while the strength increases so 
, that if the wine be kept in a deep and well-vaulted cellar, in 
or four years it almost resembles brandy, but without so 
affecting the head. “ On exposing red wines in bottles to the 
the sun's rays the colouring-matter separates in large flakes, 
i t altering the flavour of the wine.” (Henderson.) Sulphurous 
id ought not to be used for fuming the casks into which red wine is 
put, as it gy a their colour. Spirit of wine should be used to 
such casks. colour of wine judged of by placing some 
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To proceed with the steps towards the conversion of the must into 


wine. 5 Reloce, Declan Se Feene ecees 2 De seas 
that the fruit which is to be gathered has attained the proper and 


maturity, for on this almost always 
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gathered 

of maturity, the wine 

fault it can have, and 
becomi: 
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taste, which causes it 30 woek & long while faiths 
it sour and difficult to keep. 
greater care than any other ; 
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lobular shape and transparency (trockenbeeren), the gatherers se 
to a separate basket ; and the juice which exudes from ; 
by the of one above the other is carefully collected, 

under the name of Jolkayer-essenz. This thick syrupy 
t is not 


ferment, and always remains thick and muddy. 
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nation. The former is the preferable mode. 

We may take Clarets as an illustration of the process of 
turing: that being one of the most carefully kinds of 
will serve as an example of all. In the words of Paguierre (‘ Wines 
of Bordeaux’), “the proprietors of the vineyards, ; 
the first growths, after having pre; the wine-vessels, ] 
grapes together and pick them, that is, set aside all the which 
are rotten, those which do not seem quite ripe, or which are withered, 
and, finally, all which might hurt the quality of the wine. 
care then is to make a principal vat of the best fruit, which 
the mother-cask (cuve-mére), into which, after ing, they 
first and best grapes which arrive, without their and 
treading them, till they are from fifteen to twenty inches 
which they throw about two gallons of old or Armagnac 
them, and then another bed of picked grapes, followed 4 Ag 
more of brandy, and - on till the = ire When 
spirit of wine, taking for proportion about four gallons of 
wine for a wine-vat of from thirty to thirty-six tuns, It 
observed that the quantity of brandy or spirits of wine d 
quality of the vintage ; for if bad, more must be pe in 
fermentation, and replace what it wants by defect of fe 
late it has become customary to add starch-sugar when the 
deficient in saccharine pate) Raisins are often 
inferior German wines. (Mulder, p. 51, English Translation.) 
mére filled, it is shut hermetically, and is well covered 
blankets, in order that the air may not penetrate, This vat is 
this state for three weeks or a month without. being 
small brass cock is put into the side of the vat, at about 
the third of its depth from the bottom, in order to be able 
will of the oro of the fermentation, and to know the moment 
when, the ebullition having subsided, it may be racked off and put 
into casks, prepared beforehand by scalding and rinsing with a little 
spirits of wine. It is known that the liquor is fit to be 
when it has become cool and is sufficiently clear. While 
mére is at work, the vintage is continued in the usual manner ; 
as the grapes are brought in and picked, they are trodden the 
press, and put with their stalks into the vats, where the fermentation — 
takes place naturally, These vessels are not entirely filled; about one 
foot or fifteen inches are left for the fermentation, which sometimes 
overflows, especially when the vintage has attained perfect maturity. 
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‘ou leave the wine upon the lees (marre). or with its crust (¢ ) 
it would take taste of the stalks, which is very disagreea! and 
difficult to get rid of, and is a great defect. If the cask be racked off 


too soon, the fermentation would not be complete, and the wine would — 
Mag yes of bia too Sots in the ans , and of not § 
en the vats are found to be in a proper state for racking, the is 
drawn off into barrels prepared for the purpose, which are filled about — 
two-thirds or three-fourths; after whi¢h the cuve-mére is emptied, and 
the wine is poured in equal portions into these casks so as to fill them; 
and the remainder is employed to fill up, every six or eight days, what 
is consumed by evaporation, or what the casks have ullaged. All pro- 
prietors have not the means or lovalities to make a cuve-mére by means — 
of old brandy or spirits of wine, either because their vintage is not 
sufficiently extensive, or because they do not possess the things neces- 
eary for its execution. But the fermentation succeeds better 
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in large vessels, especially when prepared as above, than in the lesser 
ones used by small germ. tans The casks, being full, are left about 
eight days without being ; care, however, is taken for the time 
to cover the bung-hole with a stone, brick, or piece of wood. Théy 
are filled up every two days, and when bunged, every eight days at 
least, till the wine is in a state to allow the cask to be kept with the 
-hole at the side, which is not till after eighteen months. 
unner of making White Wine-—To make the white wine it is not, 
like the red, put into the vat to ferment, but the grapes are trod, and 
ae Re Sloe, eae, sank see re Bak NO 
casks (the stalks having separated) ; it ferments becomes 
i When the fermentation in the barrels has entirely 
ceased, it is racked off, and care is taken to fill up what has been con- 
sumed by evaporation. as often as possible, and this operation ought to 
take place at least once or twice a week. 

‘The wine, if it has succeeded. ought to be clear, transparent, of a fine 
soft colour, a lively smell, and a balsamic taste, slightly piquant, but 
inclining to that of the rasp! , violet, or mignonette, 

the mouth, and passing without irritating the throat, giving a 
gentle heat to the stomach and not getting too quickly into the head. 
It is necessary to know what is meant by the fuvour of wine. and 
flavour, called by the 


it is no criterion of the vinous force or quantity of alcohol present 
(being in fact greatest in the weak wines), and influences the organ of 
smell rather than of taste. In the red wines of Medoc and the Graves, 
the séve and bouquet exist only in the old wines: these qualities cannot 
be known, but only conjectured in the new wines; and experience has 
alone taught the brokers, that when wines of particular growths present 
themselves without harshness (verdeur), with colour, body, and vino- 
sity, they will, when old, acquire a balsamic flavour («éve) and inellow- 
ness (mvélleux), besides the colour and body; they will also keep well, 
which constitutes the perfection of wine. To give bouquet to the 
wine, two drachms of orris (the rhizoma of the Jris furentina) in 
powder are put into a fine bag of muslin, and hung for about fifteen 
days in the cask. Many ns, to make the wine appear older and 
higher flavoured, and at the same time to prevent injuring its quality, 
employ raspberry brandy. The bouquet which by these means is 
given to the common or ordinary wines never replaces perfectly the 
natural flavour of the choice wines of Medoc and Graves, It is very 
easy to distinguish the fictitious bouquet by even moderate experience 
in tasting wine. The bouquet is altogether a new product, and is in no 
way dependent on the perfume of the grape from which the wine is 
made. Red wines scarcely ever retain a trace of the odour of the 
; the white muscadine wines do in some degree, especially Fron- 
tignan. It has been recommended to suspend some of the ripest and 
most odoriferous bunches of the grapes in the cask after the first 
fermentation has subsided, in order to heighten the perfume of the 
wine, a practice long pursued in the vini ruspati of the Italians, and 
vins rapés of the French. Butif the enanthic acid and enanthic ether, 
on which the bouquet depends, be the quence of a true process 
of putrefaction (somewhat similar to what occurs in musk, by which 
the odour is evolved), by a mutual interchange of the elements of 
gluten and sugar, this cannot accomplish the object, and only 
runs the risk of exciting a hurtful fermentation. The best account of 
the bouquet of wine is given by Liebig, who, with Pélouze, discovered 
cenanthic ether :— “ It is well known that wine and fermented liquors 
generally contain, in addition to aleohol, other substances which could 
not be detected before their fermentation, and which must have been 
formed, therefore, during that process. The smell and taste which 
distinguish wine from all other fermented liquids are known to depend 
upon an ether of a volatile and highly combustible acid, which is of 
an oily nature, and to which the name of cenanthic ether has been 
given... The substances in wine to which its taste and smell are 
owing, are generated during the fermentation of the juice of such 
grapes as contain a certain quantity of tartaric acid ; they are not found 
in wines which are free from all acid, or which contain a different 
organic acid, such as acetic acid. The wines of warm climates 
no odour; wines grown in France have it in a marked e; but in 
the wines from the Rhine the perfume is most intense. The kinds of 
on the Rhine which ripen very late, and scarcely ever com- 
pletely, such as the Riesling and Orleans, have the strongest perfume 
or bouquet, and contain proportionally a larger quantity of tartaric acid. 
The earlier grapes, such as the Ruldénder and others, contain a large 
proportion of alcohol, and are similar to baer wines in their 
flavour, but they possess no bouquet .... The acid of wines, and 
their characteristic perfumes, have some connection, for they are 
always found together; and it can scarcely be doubted that the 
presence of the former exercises a certain influence on the formation 
of the latter. Whatever opinion may be held regarding the origin 
of the volatile odoriferous substances obtained in the fermentation of 
wine, it is quite certain that the characteristic smell of wine is owing 


to an ether of an organic acid, resembling one of the fatty acids... 
On the Rhine, an artificial bouquet is often given to wine for fraudu- 
lent purposes, by the addition of several species of the sage and rue to 
the fermenting liquid; but the perfume thus obtained differs from 
the genuine aroma by its inferior durability, it being gradually dis- 
sipated.” (Liebig’s ‘ Organic Chemistry.’) 

The fermentation is more prompt and lively in proportion to the 
quantity of must; hence the best wine is made whena large quantity 
of must is operated on. In some cases, when the season is cold and 
the grapes are imperfectly ripened, it is necessary to promote the 
fermentation by artificial means; either adding some boiling must, or 
withdrawing some of the excess of water by adding baked gypsum. 
The fermentation is best carried on in covered vats : since in open ones 
not only the carbonic acid gas escapes, by which the wine is rendered 
flatter, but much of the alcohol and aroma are lost, and the wine 
rendered weak. The length of time that the fermentation is continued 
in the large vats depends on the kind of wine intended to be made. 
The temperature also influences its progress and the results. 

In the Champagne country, the grapes which are to fill one cuve are 
all pressed within the space of two hours, and the must allowed to 
remain in the cwve for a period varying from six or twelve to eighteen 
hours, according to the temperature, during which it undergoes a 
process of spontaneous purification, becoming as clear as water. The 
moment when this is complete is watched for with the utmost care ; 
it is then drawn off into small casks, which are well sulphured (a 
process which is hereafter explained), and put into cellars below 
ground, the bunghole being left open, but covered with a flint stone, 
The overflowing froth, or yeast, is removed from time to time till 
December or January, when the chief purchases are made, as then the 
wine can be tasted and proved, It is then also submitted to the 
process of fining. 

At Tokay the must is allowed to remain in the vat from twenty- 
four to thirty-six hours, till the first signs of fermentation are mani- 
fested ; it is then drawn off into small casks (which are never sulphured) 
and placed in a still part of the cellar. The effervescence lasts two cr 
three months. 

The fermentation spoken of hitherto is called the primary or active 
fermentation ; but there is a subsequent one, called the secondary or 
insensible, which, though obviously a continuation of the former, is 
less attended to, but yet of great importance as relates to the ripening, 
keeping, and acidity of the wine. A knowledge of the causes of fer- 
mentation, and the conditions under which it can take place, is 
essential to the comprehension of the measures necessary for ripening 
the wine and preserving it in perfection. The subject has been fully 
explained in Liebig’s ‘ Chemistry of Agriculture, and Mulder’s 
‘Chemistry of Wine,’ London, 1859. x 

When a dry wine is wished, it is necessary that all the sugar should 
be transformed into alcohol. To do this the fermentation is excited 
from time to time, by rolling the wine, or returning it to the lees to feed. 
As the wine contains variable quantities of undecomposed gluten in 
solution or thrown down to the bottom of the cask, it is only neces- 
sary to stir up the lees to re-excite the fermentation. But Ik the 
point should be passed at which the vinous fermentation is nearly com- 
plete, and the acetous would begin, all the undecomposed ferment is 
removed. Much of it remains in the vat in which the first and violent * 
fermentation takes place ; when the fermenting liquid is put in casks, 
these are generally kept nearly full, by frequent additions of fresh 
juice, so that much of the ferment works out at the bung-hole, which 
is seldom perfectly closed for two or three months. Racking is 
practised, for valuable wines, as often as three times the first year. 
‘This consists in transferring the wine to a fresh cask. It isin doing 
this that the practice of su/phuring is mostly adopted. It consists in 
burning sulphur-matches or linen steeped in sulphur in the cask 
previously well rinsed, by which all the oxygen of the atmospheric air 
is consumed, and a quantity of sulphurous acid gas produced. This 
must be carefully done, as, if in excess, the wine acquires the taste of 
sulphur, which it would keep for some time. White wines require 
most sulphur, especially when very dry. It is proper to transfer the 
wine immediately to the exhausted cask, otherwise it would speedily 
get filled again with common atmospheric air. Dr. M‘Culloch recom- 
mends the following method, as he remarks that by the common 
method of tapping it is scarcely possible to draw the wine without 
mixing a portion of the lees with it :—‘ To effect it, a cock is introduced 
into the full cask at the usual place of tapping, three or four inches 
above its bottom, from which a leather hose (a flexible caoutchoue tube 
would be better) pipe passes into the bung-hole of the empty one. A - 
common pair of bellows may then be so fitted to the bung-hole of the 
full cask as to force by its action the whole of the clear liquor through 
the hose into the empty vessel. By this means the least possible 
disturbance is created, and the wine is at the same time preserved from 
the injurious contact of atmospheric air.” The whole of the wine 
should not be drawn off, as the cap frequently contains principles 
which would readily re-excite fermentation. What is left may be 
employed to form either brandy or vinegar, according to its kind or 
value. Another means may be used, mstead of sulphuring, to 
preventing the acetous fermentation, namely, the use of sulphite of 
potash. A drachm isin general sufficient for a pipe of wine, and it 
communicates no taste, The utility of both agents consists in 
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absorbing any trace of oxygen, and preventing it acting on the organic 
substance. Many volatile oils have the power of ehéeking the vinous 
fermentation, but their odour is a Beige obstacle to their employ- 
ment. They probably act by hindering the development of the fungus 
(Saccharomyces vini). Alkalies, combiming with the freé acids, the 

resence of which is so essential to the of fertientation. also 
binder it, but as they are destructive of the qualities of the wine, they 
are inadmissible, ack oxide of manganese, though recomtiended by 
Dr. M-Culloch, should never be used for wine where snlphuring has 
been employed, as it would most readily give olf ox Racking 
can only free the wine from matters which are insoluble, atid either 
deposited among the léés or floating on the surface. In order to 
get rid of sotne other matters held in solution, a different practice is 
adopted. This constitutes the process of fining. Isinglass in solution 
in wine, of white of eggs, is commonly emplo for this purpose. 
The common and new wines require more than the fine and 
old ones, If the wines have bewn deprived of the tannin extracted 
from the seéds of the grape, isinglass has no influence in purifying 
them. If kept in oak casks, however, as is always the rule in France, 
they extract tannin from their sides, Numerous powders and com- 
pounds, as well as other expedients for keeping or improving wines. 
are detailed in Jullien, ‘ Manual du Sommelier.” The process of fining 
is always repeated previous to bottling the wine. 

At Bordeaux the white wines are genetally ready for the first 
racking in December, the red not till March ; the secon! racking is to 
prevent the working which the great heats of July and August might 
oceasion in them ; and the third in October, before the cold comes on. 
A favourable state of the weather must be chosen for these processes. 
A fourth racking takes place in eighteen months after the vintage, in 
March; it is then that the casks may be stowed with the bung at the 
side. After this it only requires to be racked twice a yéar, in March 
and October. When it has attained the age of five or six years, it 
requires racking only once a year, which is always done in March, the 
moment when the wines are always finer and clearer than at any other 
season of the year. 

One of the qualities of a good wine is firmness or durability; but in 
this respect there is great difference among wines and one possessing 
every other requisite may be deticient in this essential. This may be 
imparted to it, however, by adding some other stYonger wine, or one 
little disposed to undergo any deleterious change. Hence has atisen 
the practice of mixing wines, or, as it may be termed, their medication, 
vulgarly called doctoring, which beitig a judicious and honourable pro- 
ceeding when the only articles employed are the real produce of the 
grape, is not to be confounded with unwholesome mixtures and dis- 
honest practices, which deserve to be reprobated. Thus some of the 
Jinest growths of the Claret country require to be supported by the 
addition of Hermitage, It is obvious that no fraud is here éontem- 
plated, since the Hermitage is, perhaps, the more expensive wine of 
the two, and the maker can afford to add it only to the best @aret, It 
in no degree impairs the fine characteristics of thé choicest ¢larét, nor 
diminishes the lightness for which first-rate claret is remarkable. 
Where working the wines is practised to fit them for the depraved 
taste of the majority of consumers in England, who are accustomed 
to the stronger wines of § and Portugal, the case is very different ; 
and to the second and third growths the red wines of Roussillon, 
Bene Carlo from Spain, and byandy are added—to the detriment of the 
character of Claret. The latter addition is made under the pretext 
that it is necessary to enable the wine to bear the voyage. This, 
except so far as a very small quantity of brandy is concerned, is alto- 
gether erroneous, not only as relates to Claret, but also to Port and 
Sherry. The wines of Basseins and St. Eulalie-d’Ambares, two parishes 
near Bordeaux, furnish a wine which is generally purchased for the 
French navy, because it keeps well, and improves greatly at sea. The 
French wine-brokers at Bordeaux, familiar with the qualities of the 
first growths, and jealous for the reputation of their country, deplore 
the deterioration which much of their wines undergo to fit them for 
the English market. Still Claret with no other addition than Hermi- 

tay be obtained here, provided a proper price is given, by 
resorting to Wine-merchants of high repute. Two Sherries come to 
England devoid of brandy, A wontillado and Monzanilla ; and it ismow 
the wish of Port-wine merchants, of the highest character for science 
and probity, to introduce Port-wine with as small an admixture of 
brandy a8 possible, thereby consulting the health as well as palate of 
their customers. Brandy added after the early stages of fermentation 
is only mingled. not incorporated with, the wine — increasing its 
irituosity, but not its vinosity, and producing on the human stomach, 
ver, and other organs the same effect as brandy merely diluted with 
an equivalent quantity of water. The extension therefore of a taste 
for the pure and unsophisticated wines in this country would be a 
national benefit. Sometimes the object in mixing wines is to pro- 
duce a compound having a different or more agreeable quality than 
either of the wines singly possesses ; hence the mixing of the Rhine- 
wines almost titutes a sci Of all wines Sherry is the most 
mixed with the vintages of different years. “ The wine-merchants of 
Xeres never exhaust their stock of finest and oldest wine. According 
to the price at which the wine expedited to the market is intended to 
be sold, it contains a larger or smaller proportion of old wine. But it 
is only in wines of a very high price that even a small portion of their 


finest wines is mixed. What is withdrawn from the oldest and fittest — 
casks is made up from the éasks which approach them eet 4 ‘ 
and quality, and these are again replenished from the next in age and 


quality to them. Thus a cask of wine, said to be fifty years old, 
contain a portion of the vintages of thirty or forty seasons.” (Baby) 
A sherry, the unmixed produce of one vintage, may now and then by 


greet 7 Na re that wh disti 

“Tt generally happens when tivo net wines are mixed, 
coe of fermentation is partially renewed, or the mixttire, in vechaoad 
anguage, frets, This observation has led to a valuable practice in this 
manipulation, namely, fretting-in, technically so called. It is folind by 
experience that mixed wines unite into one durable and homogeneous 
liquor only in consequence of this fermentation. A season and cireuth: 
stances are therefore chosen, in which one or both of the wines to be thus: 
mixed are either in a state of renewed fermentation or show a tety 
it.” (MeCulloch.) When wine is thus far made, it is left in the ee 
as it is termed, in the wood, to mature. The length of time required 

for this differs much in the different wihes. It is the modern practice 
to send several wines either on voyages to warm climates ur even leavé 
them there for years. This is particularly the case with Sherry and 


, 
a 


as flavour, Afterwards the alcohol begins to evaporate 
probable that at the pie when the wines to aleohol they 
cease to improve in flavour. They are then fit to be bottled. The 


amount of evaporation varies with the climate, and the kind of wood of 
which the cask consists, okns i it y as ye as one-t 
per cent, per auntim—especi if the cask is of Spanish chests 
which is a most objectionable 308 from the taste it imparts. i 
or Danzig oak is exclusively used for the finer Port wines; American 
oak is cheaper, but notso good. The presence of two staves of chestnut 
in each cask has been known to impart a taste, slight at first, but 
at last so marked as to lead to the rejection of the wite, The ullage is 
greatest in new casks ; and henes old ones, when clean and sound, are 
preferred. But large casks of glass are now proposed : in these ) 
is impossible, “<2 
During the stay of the wine in the wood, a deposit of tartar and — 
other su ces occurs. The colour undergoes a change, oy ree _ 
of the red wines; which is not similar in all. Thus w om: 7% 
wines become lighter, those of Medoe become deeper; hence, to give 
the appearance of age to Port wines, white Port is added; but to 
Clarets the black wine of Cahors is added. The wine is thought to 
ripen better in large than small casks: this led to the construction of 
the enormous tins of Heidelberg. Where any of the wine isdrawh 
off, it is necessary to fill up the void as speedily as possible with wine 
nearly of the same quality, otherwise the air causes the remainder to 
become sour. Where wine is not to be had, the introduction of a 
quantity of olive oil protects the wine. A fungus is very apt to stretch 
across the surface of the wine, if one or other of these precautions is 
neglected. While in the vaults or cellars, the casks are likely to 
become affected with the dry-rot, by which much fine wine may be 
lost, especially if the cellars be damp. To guard against this, the 
casks should be carefully inspected from time to time. Cellars and 
vaults should be as remote as possible from streets and other ways by 
which waggons pass, the vibration caused by these often disturbing the 
more delicate wines. When wines have been kept in the wood for the 
period which experience has fixed as that proper for attaining maturity, 
they are generally put into bottles or flasks. In these some further 
change goes on, by which they are still further ameliorated. In 
red wines a deposit occurs, forming a crust on the lower side of bys 
bottle, The operation of bottling should take place in fine weather, if 
possible in March or October. Before this is done the wine must be 
fined, either with white of eggs, very fresh, or isinglass; after which 
the cask must be left to repose ten or fifteen days, according to the 
weather. The bottles must be perfectly clean, and if not. new, care 
inust be taken that no lead-drops remain in them, as these spoil 
the wihe and render it deleterious, The eorks should be sey ag 


sound, and as elastic as possible, so that when driven home 
expand beyond the contracted part of the neck of the bottle, and 
thoroughly exclude the air. To assist in this object, a8 well as to pro 
tect the corks ee insects, = fein ut the bottle is betes ai che 
melted Wax, As Champagie is ter remaining at longest only 
three years in the cask, considerable deposit takes place in the bottle. 
When recorked this is got rid of by the process of dégo t. The 
bottle is inclined, the mouth downwards, till all the sediment is — 
lodged in the neck; the cork is withdrawn, some of the wite rushes 
out, carrying before it the lees; the escape of the rest is perp sik § 
an adroit adaptation of the fore-tinger. To fill up the void ca) 
by the wine which has rape ees a solution of sugar-candy in any 

the common red wines of the country is added: the permanent : 
or the caoutchouc stopper, is now introduced; when the latter, a 
simple but convenient piece of mechanism is used: it is then wired 
down, and occasionally covered with tin-foil. If preserved in a cool 
cellar, good Champagne may be kept in perfeétion from ten to twenty 


years. In the great stores at Rheims the breakage amounts on an 


: 
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average to ten per cent. The Italian wines often have only olive-oil 
poured into the neck of the bottle, without using a cork. 

Wines are classified ing to the predominance of certain 
ingredients. When much alcohol is present, they are termed straug or 
generous ; when otherwise, light or weak ; when much sugar undecom- 
posed, sweet or luscious (vins de liqueur); when little, dry ; if a free acid 
in considerable proportion be eneraly Hey are valle 0 OF gosto { 
when much carbonic acid is present, Spernnne oF effervescing 
(mousseux of the French, schuumwein, German). ater is more 
abundant in wines made in wet seasons, and in the wine from new 
vineyards or young vines, These are also most prone to become sour. 
With the ancients it was a great object to get rid of the watery por- 
tion, for which purpose they mplare various expedients, and often 
rendered them as thick as tar. ples now scopted bark, to ais 
starch-sugar to the must. The alcohol present in wines exists from an 
early stage of the fermentation, and is not a product of distillation. 
The quantity, according to Christison, varies from 16 per cent. in inferior 
Rudesheimer, to 37 per cent. in the strongest Port and Madeira; this 
being the per centage of proof-spirit estimated by volume. The con- 
dition in which alcohol exists as the natural product of the primary 
and fermentation of the grape is very different from that in 
which it is when obtained by distillation, even of wine, as in 
the case of the finest French brandy. The addition of any distilled 
spirit to wine is always to be reprobated, as it destroys the finer 
qualities of the wine, making it flat and mawkish. “ The first and most 
conspicuous effect is the loss of that undefinable lively or brisk flayour 
which all those who possess accuracy of taste can discover in French 
wines or in natural wines; and a flatness, which must be sensible, by 
the principle of contrast, to the dullest palate which shall compare the 
taste of Claret with that of Port, or that of Hock or Grave with Lisbon or 
Bucellas” (Dr. M‘Culloch). It tends equally, although in a greater length 
of time, tu destroy the union of the colouring principle, which is well 
known to be deposited in Port wines, and ap tly in a great measure 
from the action of this foreign substance. is fact explains why dis- 
honest wine-merchants add brandy to their Port wines, to give them 
earlier the appearance of age, by producing the crust, acriterion by which 
no experienced or intelligent wine-drinker allows himself to be misled. 
Moreover no quantity of dy can hinder the process of acetification, 
if the cireumstances favourable to itare present. The pure light wines 
of France and Germany produce an agreeable exhilaration of mind, 
very unlike the mere physical excitement which results from the 
largely brandied wines, which are too much in vogue in England. 
The diseases also which attend spirit-drinkers, chiefly disorders of the 
liver, are commonly met with among the consumers of wines to which 
brandy or whiskey has been adventitiously added, though such disorders 
rarely if ever follow even the intemperate use of pure wine. Intoxica- 
tion is a very rare occurrence among the inhabitants of the wine-pro- 
ducing countries. Acid is another component in wine, A free acid is 
necessary for the development of the fungus with which the 
of fermentation seems closely connected, for the evolution of the 
bouquet, for the agreeableness of the wine, and probably for its whole- 
someness. In the best Rhine wines perth acta It is, 
therefore a popular error to denounce the acidity of wine. The kind 
of acid present is howeyer a very important pomt. Tartaric acid is 
the best. Whether malic acid be ever present in good pure wine is 
doubtful, except in red Bordeaux, in which no lactic acid is found. 
(Mulder) Racemic, silicic, and, perhaps, formic and glucic acid, may 
be found in some wines. (Mulder.) It is said to prevail in wines 


made in wet seasons. Citric acid is perhaps found in wine made from: 


unripe gpa It is not certain that oxalic acid is ever found in 
wine. It may be formed in some rare instances. It is very likely, 
however. to exist in considerable quantity in the spurious wine now 
largely made from the garden rhubarb, On many persons it must 
have a very hurtful effect. Acetie acid, or vinegar, is’ that which 
mostly abounds in low poor wines, especially of northern countries, and 
in good wines which have been mi and allowed to spoil. The 
flat taste of the fluid and a smell of vinegar declare its presence. 
When wine is drunk on draught or from tap, it is most apt to form 
acid, unless the consumption be rapid. It is to disguise its presence 
that one of the most rous practices is adopted by vintners, 
eee atins tore to the tainted liquid. When this is sus- 
pected to have been used, sulphuretted hydrogen will reveal its pre- 
sence. Sometimes it is present in bottled wine from a leaden shot 
being left in the bottle. A small iron chain is safest and best for 
cleaning bottles. Carbonic acid not only renders the wine sparkling, 
but increases its exhilarating action, as felt in Champagne. Tannic 
acid is present in Port and lent, to the former of which it imparts 
both and astringency. Port, both red and white, has less 
free acid than some of the finest Sherries. In the German wines 
Berzelius states that there exists tartrate of alumina and potass. Bi- 
tartrate of is more common. It is precipitated along with the 
colouring matter, and termed argol, found in wine-casks. 

ing the ive amount of acidity in different wines much 
error prevails, not only in the popular mind, but among medical men, 
Dr. Prout (‘On Stomach and Renal Diseases,’ 4th edit., p. 8) affirms 
that sound Sherry contains less acid and sugar than any other wine 
But several very careful experiments on different wines by no means 
confirm this statement, If applied to Manzanilla, which is the favourite 


wine of the Spaniards, it is true; but that wine is scarcely known in 
this country, however well it deserves to be so, as its freedom from 
adventitious brandy and from much acidity, with its slight degree of 
bitterness, a quality always to be prized in wine, strongly recommend 
it as a summer wine. It will be found that Port wine, both red and 
white, has less free acid than even some of the finest Sherries, though 
this is not confirmed by Dr. Jones’ Appendix to Miilder. Madeira has 
long laboured under a most unjust opprobrium in this respect. That 
bad Madeira, and the wine which, though produced elsewhere, was 
sold for it, contain much acid, and readily disagreed with the stomach, 
may be perfectly true; but genuine first-rate Madeira has certainly 
very little, especially after a yoyage to the East Indies. ‘‘The Madeira - 
wines had fallen off in quality from over-shipment, and thereby gaye 
further effect to this taste for Sherry. In this a useful lesson was 
given to all wine-growing countries.” The observations of Dr Paris 
are too just to be omitted :— What, for instance, is the acid con- 
tained in Madeira, and against which so many mighty objections have 
been urged?—An atom merely of tartar! And yet the person who 
fancies that his digestion can be deranged by its action, will swallow 
twenty times the quantity of the same ingredient in some other’shape, 
with perfect indifference and impunity.” “ Before we quit,” says the 
same author, “ the subject of vinous acidity, I shall beg to say a few 
words upon its supposed influence in exciting paroxysms of gout, 
That such attacks have followed perdoviss potations, I “ not mean to 
deny ; but a slight excess of any kind, whether in diet or exercise, will 
excite the disease in those predisposed to it, Where the train is laid, 
an additional glass of Claret may have acted as the match ; but in all 
such cases the explosion would haye equally taken place had, instead of 
Claret, some other exciting cause fired it” (‘ On Diet,’ p. 198). Liebig 
unhesitatingly affirms that, while to the free acid the exquisite bouguet 
of the Rhine wines is owing, to the tartar present in them some of 
their most salutary properties belong. To this he attributes the im- 
munity enjoyed by those on the Rhine and Moselle, indeed of all who 
use the German wines, from the uric acid diathesis. This statement 
of the utility of these wines might be suspected to originate in national 
partiality ; but it is abundantly confirmed by Dr. Prout and many 
others who have attended to the subject, and who have investigated it 
free from judice or fayour, An occasional use of them is objec- 
tionable, but the habitual use is most salutary. (See Prout, 4th edit., 
p. 210.) Being light, they can be drunk without dilution, which is 
preferable to reducing a strong wine by adding water, which is much 
more prone to produce acidity in the stomach. (Prout, p. 9.) The 
water furnishing the oxygen and hydrogen necessary to convert the 
alcohol into acetic acid, probably favours the production of the acid, 
Moreover, wine diluted with-water more readily produces intoxication 
than the pure wine would do; perhaps, as Dr. Paris has suggested, by 
applying the stimulus to a larger surface of the stomach (‘ On Diet,’ 
p. 191). - : 

The classification of wines has engaged the attention of almost all 
writers who have treated of them; but no satisfactory one can be 
presented. Jullien, in his very valuable ‘Topographie de tous les 
Vignobles connus,’ has given a geographical one, followed by an 
arrangement of the wines of each country into five or fewer classes, 
distinguishing the wines, simply so called, from the vins de liqueurs, 


‘and subdividing each into the red and white. This for all commercial 


purposes is sufiicient ; but for dietetical, or as a guide to individuals 
desirous of pronarng wie for their own consumption, is futile. The 
greater number of the different kinds mentioned are never heard of 
beyond the district where they ave produced, either from being entirely 
consumed by the inhabitants, or from the didiculty or expense of 
transport, or from deticiency in those qualities which ensure their 
preservation or recommend them to distant lands. ‘I'his is especially 
the case with what are termed the fourth or tifth growths, which are 
seldom, even in good years, worth the expense of transport, if sold 
under their real names and at their just value. The firsc, second, 
and eyen third growths in good years bring a price on the spot which 
puts it out of the power of geome not of large capitals to 
obtain eyen a stock of them. The principal English shipping- 
houses at Bordeaux and the first-rate houses in this country make their 
purchases only in the good vintages ; and it is their competition which 
then raises the price, and the absence of their demand which makes it 
sink again in the unfayourable seasons. First-rate wine must always 
be high priced, if it be borne in mind tlat the market-value of a 
renowned vineyard is very great; that the territorial extent of such is 
in general very limited; that the expense of cultivation is very high; 
that these expenses are as great in the bad years, when they bring 
no return, as in the good years; that the recurrence of favourable 
vintages are rare and distant; and that constant superintendence and 
expense are necessary till the wine reaches perfection—not to mention 
the loss from evaporation, ullage, breakage, and other accidents, and to 
say nothing of the accumulating interest of the original purchase- 
maar twenty or thirty years. Besides all these, the duty, though 
paid in the first instance by the merchant, is recovered by a charge on 
the consumer, 

Attention is now being paid to the culture of the grape and the 
making of wine in the Cutited States, South Africa, and Australia ; 
with a view of determining whether temperate climates, and Hnglish 
or Anglo-American industry, can introduce this as a profitable culture, 
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adulterants. 

In 1856, the Society of Arts awarded a silver medal to the grower of 
four kinds of wine from Australia, three white and one red. Two of 
the white kinds were satisfactory ; one much resembled anes wine, 
while the other was a dry and clean wine, with considerable body, 
The red wine was light, clear-tasted, and exactly like Bordeaux. These 
wines were made by Mr. Marking, in 1853 and 1854, at Irrawory, in 
the Hunter district of New South Wales. He found that the 
suitable in Europe would be no criterion for those best fitted for the 
climate of New South Wales. The colony contains a large area of good 
vine land, some of which has been made to yield 100 gallons per acre. 
It is believed that the freight would not necessarily be large, for the 
wine would form good ballast for wool ships to England. All the 
operations for making Australian wine are fully described in the Society 
of Arts’ Journal for 1856. Professor Owen, as one of the jurors of the 
Paris Exhibition of 1855, said, “ In the department for Australia were 
evidences of the increasing importations from the vineyards of New 
South Wales. The specimens of wine exhibited by Messrs. Macarthur, 
King, and Brown, are deserving of special notice. The wines included 
white wines akin to those of the Rhine; red light wines like those of 
Bordeaux ; Mousseux varieties with a bouquet, body, and flavour equal 
to the finest Champagne; Muscats and other sweet wines rivalling the 
Montignac of the Cape. Some of these wines were of the vintage of 
1839, bottled in 1842; others had made the voyage round the world 
in wood. The verdict of the experts (judges) was much in their favour; 
for, whereas, on the wines of Europe the numbers indicative of quality 
ranged from as low as 2 to 18, the lowest number assigned to the 
Australian specimens was 7, the highest 14, and the average number 
104, being as high as that of the wines of Austria, and much exceeding 
that of the wines of the Cape, or any other wine-producing colony.” It 
has been since stated, however, thut the Australians themselves care 
little for their own wine; those who can afford to drink wine at all. buy 
the port and sherry, the claret and champagne, of Europe. There is 
doubtless much of habit and conventionalism in this ; nevertheless the 
exertions of the planters are worthy of all commendation. 

Of wines, real or sophisticated, other than the juice of the grape, we 
speak in Waves, Bririsu. Of the extent and peculiarities of the trade, 
details will be found under Wrvx anv Sprrit Trave. 

WINE, MEDICAL USES OF. These are distinct from the common 
or dietetical employment of wine. For very young children, wine may 
be pronounced to be at once needless and hurtful, as was proved by 
the experience of Dr. Hunter on his own children. The immense 
number of the children of the lower orders who fall early victims to 
gin prove it on a large scale. But in the case of great constitutional 
debility, or in states of exhaustion from depressing diseases such as 
diphtheria, scarlatina, or gastric fever, small quantities of good wine 
cautiously administered, are invaluable tonics. The best mode of 
administering them is, not to give them undiluted, or even simply with 
water, hot or cold, but with a very small quantity of hot water having 
mixed with it so much biscuit or rusk as shall form with the wine a 
thick pulp, requiring to be eaten rather than drunk. This prevents the 
coats of the stomach being so much irritated, and the wine does not 
wo speedily reach the brain to over-excite it. At a more advanced 

veriod of life, if rapid growth should occur, wine in moderation is 

beneficial. But much caution is requisite, lest habits should be formed, 
difficult, if not impossible to break. Zealous students are sometimes 
tempted to prop up exhausted nature by wine; but the benefit is only 
temporary, while the injury is often permanent, ‘T'ea or coffee, or 
coca, |Erythroxylon Coca : See StrmvLants] are preferable. 

As life advances, and the circulation becomes languid, wine in 
moderation, at fit times, is commendable. It has been designated 
“the milk of old age,” and may tend to prolong life—but in excess 
cannot fail to shorten it, 

Tue selection of the kind of wine must be left to the individual, or 
to the judgment of his medical attendant. rey one should aim at 
obtaining ;ood wine, and avoid mixing wines, Where gouty persons 
use wines, it should be Rhenish, Moselle, or Bordeaux (Claret), and 
these should be strictly adhered to. 

In the treatment of fever, common or typhoid, there generally 
occurs a stage when stimulants are requisite, Of these, wine is most 


frequently employed. But as the of fever so frequently varies. no 
ins of Be ail down, Noth coms the aise i 
of the physician more than his ability to decide when it is to 
and how much is to be administered. States of great prostration nee 
much. Port wine, Madeira, and- Champagne are mostly rarer 
peters Cech" ysopantion to othen diiead by ta, givea Sea 
water is best. panites is o i y wine, given 
the mouth, or as an enema, (Abercrombie on the ‘ Diseases of the 
Stomach.’) The same author gives cases where delicate females 
unaccustomed to the daily use of wine, had been saved by the liberal 
use of wine, in cases of much exhaustion. But these are very extreme 
cases. Wine, especially port wine, given with very warm water, to 
persons much ¢: with over walking, or during convalescence 
from fevers or other weakening diseases, before out-of-door exercise 
can be taken, often insures sound refreshing sleep if administered 
about the usual time of going to bed. A rusk or biscuit steeped in it 
converts it into a digestible su for such —_ , 
WINE AND SPIRIT TRADE. It will be convenient to treat this 
subject under two sub-headings. - 
Wine Trade. The wine trade of England has been governed for a 
century and a half almost wholly by a particular treaty with Portugal, 
called the Methuen Treaty; chiefly by creating an artificial taste for 
that particular wine which happened to be most easily procured. — 
During many cepturies, almost 
England were French. In 1693, a change began, by 


pts y be a 
grapes | gal wines with a lower import duty ; the favour was increased in 1697; 


and in 1703, Mr. Methuen negotiated a » wh 

engaged to admit port wine at a duty of one-third less than that on 
French wine; on condition that Portugal received English manufac- 
tured goods on favourable terms. The English wine-drinkers, in fact, 
were sacrificed to the English manufacturers; and the effects have 
been apparent from that day to this. During the part of the — 
last century, England took twenty times as much Portuguese wine as: 
French wine, until the taste for the latter became almost extinguished, 
ary among vr ines & nee boat = the Douro 
and the great merchants at Oporto, ing they ay teens % 
worked it in the usual way to their own profit. An Oporto Wine 
Company, established in 1754, purposely diminished the extent of the 
vineyards, with a view of keeping the price wholly under their own — 
command ; and this policy was successful until quite recent times. 
Almost every gallon of port wine was sent to England; othercountries — 
either did not like it, or would not pay the price demanded for it. — 
The natural flavour and quality of the wines of the Upper Douro are 
almost unknown in England, and probably would not be relished ; they 
are strongly flavoured for the English market, and require to be a 
many years in the wood and in bottle, before they acquire the qi s 
familiar to English port drinkers. 

In 18:9 a reduction was made in the duty on French wines; and in 
1831 the duty on all foreign wines was equalised—after 128 years of 
favouritism to Portugal. The consumption of port did not, however, 
yield to this change ; because the English had become accustomed to the 
taste of that wine, and had not yet learned to appreciate the light wines 
of France. So signally was this the case, that in 1842, eleven years after 
the equalising of the duty, the English consumption of French wines 
barely amounted to one gallon for every sixty persons: the total con- 
sumption of all wines was about a quarter of a gallon per head, whereas, 
so far back as the year 1700, it was a gallon a head. It is well known 
that wholesome wine, of fair quality, can be exported from France at 
sixpence per bottle; and it still remains to be seen to what ec 
England will be able to avail herself of this advantage. It was stated 
before the Committee on the Wine Duties in 1852, by Mr. Forrester, 
an extensive wine-grower in Portugal, that no port is brought to Eng- 
land with less brandy in it than three gallons to a pipe of 115 gallons; 
and that the ratio varies from this minimum up to a maximum of 17 _ 
gallons. Unfortunately, too, many other substances besides brandy 
are added in all except the best kinds of port. vy 

From 1697 to 1785, the quantity of foreign wine imported annually 
never varied far from 2,000,000 to 8,000,000 gallons; from 1786 to 
1851 it varied from 4,000,000 to 11,000,000, The Portuguese wine 
(port) maintained an ascendancy over Spanish (sherry) till about 
1880; since which year the balance has been rather the other way. 
The difference in the above-named quantities was in the imports ; the 
home consumption, from 1830 to 1860, remained remarkably constant, 
never deviating far from an average of 7,100,000 gallons. The d 
remained ual during that period (about 5s. 6d. per gallon, or 11d. 


population, 

At present, port is gradually giving place to sherry. The entries for 
wean consumption of all kinds of foreign wine, in 1860, were as 
follow :— 


From Spain . . . ° » 2,975,769 gallons, 


» Portugal . . . « 1,776,138 my 

oy, France . . . - 1,125,599, 

» South Africa . 426,556 ,, 

sy Dutch possessions . « 293,785. +, : 
»» Ituly and Naples . ° « « 205,084 ,, : 
» Allother countries . . - 626,821 ,, 


7,358,192 


e only foreign wines consumed in 


per bottle), and the consumption barely increased as rapidly as the 
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Of this total quantity, 3,001,413 gallons belonged to the class of red 
wines, and 4,356,779 to that of white. The most noticeable feature in 
that year was the advance in the French wine trade. In 1857, 1858, 
and 1859, the French wine*drunk averaged about 600,000 gallons 
annually : in 1860 it was nearly double. This resulted from only a 
few months’ ion of the new tariff, which opened the way for the 
introduction of French wines at a moderate duty. By the Customs 
Duties Act, passed August 28th, 1860, foreign wines, during the 
remainder of that year, were to pay 3s. per gallon, and colonial wines 
2s. 9d., plus 5 percent. From and after January Ist, 1861, all wines 
pay 1s. per gallon, if containing less than 18 per cent. proof spirit; the 
duty rises to 2s. 11d., according to the alcoholic strength. There 
seems ing reasonable in this, making the stronger wines pay the 
higher duty—provided the mode of testing the quality be not too 
complex and troublesome. [ALCOHOLOMETRY. ] 

We may here remark that Sykes’s ee (Hypromerer] is 
declared by the legislature to be the official means of deciding the 
alcoholic strength of wines and spirits ; but as wine is now to be esti- 
amp rp quantity of spirit it contains, attention will naturally be 

id to - 4 = 


graduated to show the degrees per cent. of pure spirit, and fitting with 
an air-tight plug into the boiler. There is a tin vessel to hold water, 
which flows thence through a flexible tube to the inlet of the con- 
denser ; a similar tube is attached to the outlet whence the water runs 
to waste. The boiler is provided with a condenser, which returns to it 
whatever ion of the alcohol is exhaled, so as to include it in the 
estimate of the sample. 

The Houses and Wine Licences Act of 1860 is likely 
to have some influence on the consumption of wine in England. Any 
shopkeeper may take out a licence, varying from 10s. 6d. to 31. 3s. per 
annum, according to the rated value of his house, for the sale by 
retail of foreign wine. The word “ retail” is considered to refer to 
quantities less than two gallons, or one dozen bottles. The wine may 
be drunk on the premises, under certain specified conditions, and on 
yment of a higher licence-duty. All liquor sold as wine must contain 
lon than 40 per cent. of proof spirit, or it will be regarded as spirit. 
Excise officers are to possess large powers in respect of the examination 
at all times of premises licensed as wine-shops. Standard measures are 
to be used. Numerous precautions are taken to insure the honest inter- 
pretation of the Act—rendered necessary by the fact that spirits now 
pay ten times as much duty per gallon as wine. 

Spirit Trade—The duty on spirits has been heavy for more than 
half a century past, varying from 200 to 600 per cent. on the value of 
the article taxed. The quantity of home-made spirits which paid duty 
rose from 9,000,000 gallons in 1802 to 23,000,000 gallons in 1849, and 
26,000,000 gallons in 1854; while in the last-named year foreign spirits 
(rum, brandy, hollands, &c.) were taxed to the extent of about 5,000,000 

Spirit ee is not increasing among us. In 1858, 1859, 
and 1860, the | home-made spirits charged with duty did not in any one 
year reach 24,000,000 gallons, being less than in 1854, The foreign 
spirits in 1860 (slightly greater than in the two preceding years) pre- 
sented the following quantities:—Rum, 3,700,000 gallons; Brandy, 
1,460,000 ; Geneva, or Hollands, 260,000. British and foreign her, 
there are about 30,000,000 gallons of spirits for 30,000,000 people, or a 
gallon per head per annum each. 

An interesting matter concerning spirit duties is that of methylated 
spirit. Spirits of wine, or alcohol in a strong form, is used for many 
purposes in the arts. It is a solvent of resinous substances, which, 
when thus dissolved, are used in stiffening hats, and in making var- 
nishes. It is used as a solvent in the manufacture of many chemical 
substances, including the alkaloids and other organic ucts, largely 
used in medicine. It is used in the production of ether, chloroform, 
sweet spirits of nitre, and fulminating nitre ; as a solvent or menstruum 
for administering the animal and vegetable substances used in medicine 
in the form of tinctures; as a fuel for burning in spirit lamps; as an 
addition to oil of turpentine or other hydro-carbons in lamps; and as 
a solvent for essential oils and other odoriferous substances used in 

mery. For all such purposes alcohol is very valuable; but the 
Bien price isa bar to extensive use. There is, however, a liquid now 
well known to chemists, called methylated spirit, which will answer for 
these p' nearly as well; and as this is not fit for drinking, manu- 
facturers have for some years urged the Excise to remove the duty 
from it, simply in the interests of productive industry. In 1856, 
Measrs. Greatorex, Hofmann, and Redwood presented a report to the 
government on this subject. They tried to produce a substitute for 
spirit of wine that would not be drinkable, such as sulphide of ethyl, 
caoutchicine, &c. At last they found that wood naphtha, pyroxylic or 
methylic spirit, might be so opp as to be useful to manufacturers, 
and yet not likely to be used by spirit drinkers as a substitute for gin. 
Messrs. Turnbull of Glasgow announced that the 
8s. 6d. gallon; and others have stated it might possibly be pro- 
duced 2 5s. Two gallons and a half of methylated spirit can be 
obtained from one ton of dry wood. Mr. Smith, the distiller, of White- 
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chapel, expressed a belief that publicans would not venture, if the 
methylated spirit were rendered ever so cheap by the removal of the 
duty, to mix more than 4, part with their gin, for fear of exciting the 
suspicion of their customers. The chemists reported to the Excise 
that, in their opinion, methylated spirit might be set free from duty 
without affecting the ordinary revenue from ardent spirits. “ It 
appears to us that it would be proper to mix the spirit in the distillery, 
and to declare illegal the ion of the methylated spirit by a 
rectifier or publican. The retail sale of the methylated spirit would 
then fall into the hands of druggists and oilmen, who could be supplied 
direct from the distillers.” This advice has been acted on. A small 
per centage of pure methylated spirit, mixed with alcohol, is allowed 
duty free; it is suitable for all manufacturing purposes, but is not 
drinkable, nor can the alcohol be separated from it by any available 
process. All the government pyrotechnic or artillery compositions 
are now made with methylated spirit instead of spirit of wine; and 
the liquid is coming very largely into use. 

The duty on spirits underwent changes in 18538, 1854, 1855, 1858, 
and 1860. In 1860 an act was passed, which repealed wholly or par- 
tially no less than twenty-six former acts, embodying all the regulations 
for the guidance of manufacturers of, and dealers in, spirits. In the 
same year, another act fixed the duty on British spirits at &s, 1d. per 
gallon till July 17th, 1860, and 10s. after that date. By the Customs 
Act of the same year, foreign spirits pay an import duty about equal 
to the Excise duty on British spirits, namely, 10s. 2d. to 10s. 5d. per 


on. : 

OWINES, BRITISH. British wines, or Sweets, as they are called by 
the Excise, are sweet beverages made as substitutes for real wine. The 
making of them forms a part of domestic chemistry or household skill, 
as well asa branch of trade. Generally speaking they are prepared from 
the juice of fruits; but a large number of other chemical substances 
are similarly employed. The common English fruit wines comprise 
gooseberry, currant, cherry, raspberry, mulberry, strawberry, apple, 
elder, whortleberry, blackberry, damson, bullace, apricot, orange, 
juniper, lemon, , peach, quince, and mixtures of these. The dry- 
fruit wines are chiefly raisin, fig, and date. The root wines are such 
as rhubarb, celery, parsnip, turnip, and beet-root. The flower and sap 
wines comprise cowslip, elder-flower, rose, clove, gilliflower, violet, 
carnation, lavender, primrose, balsam, pine-apple, birch, &c. 

In the ion of ordinary fruit wines, the fruit is selected 
mature ripe, but not so sweet as over-ripe fruit. The stalks and 
the damaged portions are picked off. The rest is bruised in a tub, put 
into a vat, and steeped thirty or forty hours in water, with frequent 
stirring. The liquor is drawn off. The pulp is pressed in hair bags; 
sugar, tartar, &c,, are added, and stirred for some time. Vinous fer- 
mentation then commences; during its ‘continuance the liquor is 
frequently skimmed, and after three or four days is run off into casks. 
In about a week, flavouring ingredients are ps ey and several days 
afterwards brandy or some other spirit. Fining and racking complete 
the process. Some fruits are better for boiling before these operations ; 
others would be spoiled thereby. 

The Excise authorities first gave the name of sweets to raisin wine ; 
but the name became afterwards applied to all the fermented bever- 
ages known as British wines. The making of raisin wine as a branth 

trade arose in a curious way. In Vinegar Manvuracture it is 
explained that a substance called rape, consisting of the stalks and 
skins of raisins, forms the best known filtering and clarifying sub- 
stance for vinegar. When Mark Beaufoy established his vinegar works 
at Lambeth more than a century ago, he could devise no better way of 
obtaining rape then by purchasing raisins, steeping them, throwing 
away all the juicy portion, and retaining the rest. Dr. Fothergill, an 
eminent physician, suggested to him the making of raisin wine out of 
the juice, instead of wasting it. He did so; and thus commenced a 
trade which has been continued by his descendants ever since. The 
manufacture of raisin wine requires larger appliances than those 
which relate to familiar English fruits. The kinds of raisins chiefly 
used are Smyrnas, Malagas, Lexias, Faros, and Cape de Verds; these 
produce various qualities of wine known by such terms as dry, sweet, 
strong-bodied, rich, full, &e. The wholesale purchases of raisins are 
made chiefly towards the close of the year; and the wine is made 
from thence to spring. The hard masses of fruit are beaten open, and 
steeped in water till the raisins swell and float. All the vinous and 
saccharine juices are then pressed out by hydraulic-presses, screw- 
presses, or heavy weights, according to the scale on which the opera- 
tions are conducted. Fermentation is then induced in the juice by a 
leaven or yeast. From the fermenting tuns the juice, which is now 
wine, passes to other vessels, where the racking, fining, and sweetening 
are carried on. 

Home-made wines or sweets paid a small duty until 1834; but the 
duty was abolished in that year, since which time the extent of the 
manufacture has not been known. 

A maker of sweets may be as honest a dealer as a maker of the 
best foreign wines; but unfortunately the cheaper wine has come to 
be used as an adulterant of that which is more costly. There is hardly 
any possibility now of determining to what extent the rectifier and the 
British wine maker are, knowingly or unknowingly, concerned in pro- 
ducing imitations of foreign wine. If the name given to the beverage 
be such as to denote home manufacture, there is no difficulty. ‘There 
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British sherry, British Moselle, &e. These are made in B 
mostly from English fruits, by processes in which the rectifier 
British wine er are concerned, But the great fraud, which recent 
investigations have brought to light, is the making up of a mixture 
which shall bear the name and bring the price of foreign wine, It has 
been estimated that two out of three bottles of all the so-called cham- 
e sold in England are surreptitious: the wine being made chiefly 
oa English gooseberries. Cider is a chief constituent in a large 
roportion of the low-priced port. Much of the port im from 
Portugal, also, is adulterated. It was proved before a committee 
of the House of Commons on the Wine Duties, in 1852, that the 
Portuguese mix elder-juice, apple-juice, sloe-juice, and logwood decoc- 
tion, in the port wine intended for the English market; and that the 
Spaniards are not more scrupulous in reference to sherry. They 
believe that the English taste for wine is so depraved, as to render 
detection improbable. When the wines reach England, various other 
ingredients are often added, including oak-bark, turnsole, elder, privet, 
beet, Brazil-wood, cudbear, red Sanders woud, and catechu—some to 
hide the fact that a large quantity of water has been introduced, 
some to imitate the right colour, some the right crust, &e. It has even 
been found that glass-makers are employed to make bottles of glass 
having a peculiar chemical constitution, such as to lead to the forma- 
tion of a sort of skin or seum which shall imitate the “ bee's wing” of 
fine old crusted port.” Many receipts for making so-called port wine 
are extant, some of which contain not a drop of real port. It is known 
that much of the port sold at public-houses can be made for 1s. 6d. 
bottle, thus leaving a large profit, even when sold at what seems to 
fos low price. 

It may be well to remark that brandy, either real, foreign, or imita- 
tive British, is used to mask the use of adulterants in port wine. In 
imitating most other foreign wines, the produce of the British wine- 
makers is more especially relied upon, 

WINTER, SPRING, SUMMER, AUTUMN. The astronomical 
meaning of these words is derived from the considerations in SEAsoNs, 
and we are told and taught that winter begins at the winter solstice, 
spring at the vernal equinox, summer at the summer solstice, and 
autumn at the autumnal equinox. That is, according to the best 
authorities, it is spring from the middle of March to the middle of 
June, summer from thence to the middle of September, autumn from 
thence to the middle of December, and winter from thence to the 
middle of March again. At the same time the poets and the farmers, 
who have a much better right than the astronomers to settle the 
meaning of these terms for common use, agree in placing the rise of 
vegetation, the pairing of birds, and the first appearance of flowers in 
the spring ; the hay harvest and the ripening of all the earlier fruits in 
summer ; the grain harvest, the later fruits, and the fall of the leaves 
in autumn; and the heavier frosts, snow, and ice, in winter. 

It is impossible to fix a common commencement of the seasons even 
for the parts of the earth which lie between the Arctic circle and the 
tropic, which are all that need be considered ; for the polar and inter- 
tropical regions have each a set of seasons of their own. But this we 
niay safely say, that the agricultural and poetical seasons are earlier 
than the astronomical ones. All that distinguishes spring from winter 
begins to take place before the vernal equinox, all that distinguishes 
summer from spring before the summer solstice, and so on. Most 
certainly it will be found that the greatest intensity of the several 
seasons happens, one year with another, at a period not long after the 
astronomical phenomenon at which the season is said to commence. 

* When the year is divided only into summer and winter without 
further subdivision, it is then an exact division to say that the two 
halves begin and end with the equinoxes. But here the principal 
phenomena, the solstices, on approach to which heat and cold depend, 
are in the middle of the halves. If we were to divide the year into four 
seasons, during which the earth should receive from the sun the 
greatest and least portion of heat in two of them, and intermediate 
portions in the other two, the four astronomical commencements 
should be made the middle points of these seasons. The consideration 
in Seasons will easily make it appear why, for the same reason as the 
greatest heat is after the longest day, the middle of the agricultural 
seasons should fall after the astronomical point of separation. 

WINTER'S BARK, the bark of Drymis Winteri (Linn.); called also 
Wintera aromatica (Murray and Willd.), the true Winter's Bark, or 
=o) ad Cinnamon, to distinguish it from the bark of Cunella alba. 
or false Winter's Burk. As one of the names imports, this is obtained 
from a tree growing in South America, from Magalhaen’s Straits up to 
Brazil. It is met with in cylinders, rarely flat pieces (these last are 
termed caryocostin), from one to two feet long, and from six lines to 
two or three inches in diameter. It is generally freed from the outer 
rind (which is tasteless and without aroma), and is of a yellowish-red 
colour, with reddish-brown poinw, the marks where the leaves and 
young branches have been. The inner surface is tolerably smooth, 
more or less clear, of a reddish-brown colour, which serves to distin- 
guish it frum the bark of Canella alba, which is much paler. The 
taste is arumatic, sharp, burning, aud peppery. The smell, when first 
broken, is agreeable, resembling a mixture of cloves, cinnamon, pepper, 
and marjoram. : 

According to Henry, its chemical composition is resin, volatile oil, 


are in the market wines designated British champagne, British port, 
the 


colouring matter, tannin, acetate of potass, chloride of potassium, sul- 
phate of potash, oxalate of lime, and oxide of iron, The volatile oil is 
pale yellow, lighter than water, with a very hot and acrid taste. 
standing, it separates into two parts: one, the most abundant, a 
greenish-yellow liquid; the other (heavier, but lighter than water), 
white, and of a fatty consistence, The volatile oil of Canella is heavier 
than water: this serves to distinguish them, aa well as re-agents, 
showing in the true Winter's the presence of both tannin and 
iron, which are wanting in the Oanella. 

Winter's Bark is an aromatic stimulant and tonic, of a very valuable 
kind, and it is to be regretted that its“use has been almost enti) 
superseded by the false Winter's Bark (Canellx), Dr. 0. F. von : 
says; ‘‘ This bark deserves the first place among the aromatic tonics of 
this country—that is, Brazil.” When no inflammatory state of the - 
stomach contraindicates its use, in debility of the digestive organs, 
with loss of appetite. or slow digestion, it isa valuable remedy, 

WIRE-DRAWING. Wire is metal elongated into the form of a — 
slender cylindrical rod, often so fine as to be comparable to a 
thread, by the operation of wire-drawing. This provess consists in 
passing a piece of ductile metal through a series of holes, successively 
diminishing in diameter, in a hardened steel-plate called a draw-plate, 
80 as to reduce its cross-section to the size and figure of the last or — 
smallest hole, increasing its length at the same time ina certain Ea . 
tion to the diminution of thickness occasioned by the process. Soak 
ordinary wire is cylindrical, the nature of the process of wire-drawing 
renders it available for the formation of slender rods of any other 
required figure, An important application of the process to the pro- 
duction of other forms is to the manufacture of pinion-wire for i 
keepers, This is produced of any required size and number of teeth, 
and the wire being cut to the required length for both pinions and axis, 
the teeth are filed away from the portion used for the latter. By this 
means pinions may be formed at much less expense the 
ordinary process of wheel-cutting. The grooved rims of — 
frames are another example of the useful application of the wire- 
drawing process, they being formed of wire made for the 

In early times, metals were probably beaten out with a er into 
thin plates or leaves, which were then divided into small slips 
means of scissors or some other cutting instrument; these slips were 
subsequently rounded by a hammer and file, so as to form threads or 
wires. Beckmann expresses his opinion that the rarity with which ‘ 
works made with threads of metal are alluded to strengthens the pre- 
sumption that the ancients were unacquainted with the processof 
producing wire or metallic threads by drawing. So long as wire was 
formed by the hammer, the artists of Niirnberg, whom it was 
fabricated, were styled wire-smivhs, but subsequent to the introduction 
of the drawing process their designation was changed to wi i 
or wire-millers ; and as these appellations occur as early as 135] and 
1860, in the histories of Augsburg and Niirnberg respectively, Beck- 
mann conceives that the invention of wire-drawing must be assigned — 
to the 14th century. In all probability the earliest drawn wire was 
made by hand, but ere long a machine, impelled by water-power, and 
capable of drawing wire without the intervention of the hand, was 
introduced. Though the point is not certainly established, this 
ingenious machine appears to have been first constructed at Niirnberg 
by a person named Ludolf, who kept it secret for some time, 
realised much money by the use of it. Niirnberg also gave birth to 
many subsequent improvements in the manufacture of various kinds of 
wire. The precious metals were undoubtedly among the first made 
into wire; and perhaps brass and iron were not drawn until some 
time after the invention of the art, Blanch iron-wire, or white 
is, however, mentioned in a list of manufactured articles the importa- 
tion of which into England was prohibited by an act of the reign of 
Edward IIL, in the year 1463; and in a similar act passed in 1484 
both iron and latten wire are mentioned, Anderson records, under the 
year 1565, the granting of patents to certain Dutchmen or Germans 
for the prosecution in England of various manufactures, among which 
is that of wire. He states that prior to that time all English iron 
wire appears to have been drawn by manual strength, in the Forest of 
Dean and elsewhere; and that until these foreigners introduced ‘the — 
use of a drawing-mill, the quality of English wire was so bad that 
most of that used in the country, as well as ready-made wool-cards and 
similar articles, was imported from abroad. By the year 1630 the 
manufacture appears to fave made such progress, that in a proclama: — 
tion of Charles I. it is alluded to asa manufacture of nog ee 
and one which employed many thousand persons; and it is asserted 
“that English wire is made of the toughest and best Osmond iron, a 
native commodity of this kingdom, and is much better than what 
comes from foreign parts, especially for making wool-cards.” The — 
proclamation then forbids the importation of foreign iron wire, and of 
wool-cards, hooks and eyes, and other articles made of it. The,first — 
wire-mil] in England was set up at Sheen, near Richmond, by a Dutch- — 
man, in 1662. The wire-drawing business either following the cloth 
manufacture or determined by the proximate localities of coal and 
iron-stone, took deep root in the neighbourhood of Barnsley in York- 
shire, The manufacture of copper and brass wire in this country was 
commenced about the year 1649, ‘at Esher, by two foreigners; but 
a used Swedish rose-copper. 

‘or the manufacture of iron wire the very best and toughest iron 


} 


} 


WIRE-DRAWING. 966 


i or rumpling, with the kind of machine described by Beckmann 
Higa Aa the invention of Ludolf. Holland, writing about 1833, 


blishments ; and also that in France, and among the continental manu- 
facturers generally, iron wire was, until within a late period, altogether 
drawn by such an apparatus. 
ice both iron and steel, but especially the former, 
ad ay te ‘or the final drawing by passing between grooved rollers, 
with the greatest accuracy. The rollers used for this purpose 
are generally at least Pa edd inches in diameter, and are some- 
tainty tnowen hog nat 350 revolutions in a minute. A bar of steel 
and 


pass the rod back between each rolling, in order that it might always 
enter the grooves in the same direction, three rollers are used, placed 
one above the other, so that when the wire has passed in one direction 
between the two upper rollers, it may pass back in the opposite 
direction between the two lower rollers, and vice versd, thus avoiding 
any loss of time, heat, or labour in it backwards and forwards. 
For wire the rods are comm reduced to a thickness of 


best needles and some other articles are made, ig not usually submitted 
to the rolling process, but, after be. tilted to about a quarter of an 
anvil previous to elongation by the 


whatever way the metal may have been prepared for the ultimate 
Aeggal of drawing, or whatever may be the motive-power employed in 

process, it is essentially the same, The draw-plate is usually 
formed of a stout piece of shear-steel, about six inches long and an 
inch and a half in diameter, flattened on one side, It is pierced trans- 


them, When the holes have become enlarged by use, 
their smaller orifices are reduced by hammering, and then reopened to 
the size and form by means of a long taper needle called a 
pritchl’ The art of mak draw-plates has been carried to much 
greater ion in France in this country ; and in time of war 
4 draw-plates have been sold for their weight in silver. The 
French plates consist of a bar of t-iron, about two inches broad 
and one inch thick, covered on one side with a very hard composition 
called potin, which consists of ents of cast-iron pots, broken with 
the hammer, and mixed with pieces of white-w: charcoal. One 
side of the wro t-iron bar is hammered to a furrowed surface, and 


T'Orne, ia by several pieces of wrought-iron in the form of a 
box without a lid, filling the cavity with cast-steel. The whole is 
then covered with a luting of clay, h ins to 
melt, and worked with a hammer in a similar way to that above 
deseri i 


holes worn too large by use, they become so hard as to 
‘ every precaution has been observed, draw- 
will vary somewhat in hardness; but those which are too soft 
iron wire may be used for brass, while the very hardest 

are reserved for steel wire, 
The modes of determining the thickness of wire, and the improve- 


ments in graduation suggested by Holtzapffel and Whitworth for this 
purpose, are noticed under GAGE. __ ; 

In drawing wire by hand the draw-plate is laid against two upright 
pillars fixed on a bench or table, and, the extreme end of the wire 
to be drawn being so reduced as to enable it readily to pass through 
the hole, a saa portion is drawn through by a lever apparatus. 
When a sufficient length of wire has thus been brought through 
the plate, it is sec to a conical or cylindrical drum, which is 
mounted upon a vertical axis opposite to the hole in the draw-plate, 
The workman then takes in one hand the coil of thick wire to be reduced, 
and in the other a lever handle attached to the drum; and while 
he turns the drum so as to wind the wire upon its circumference, 
and consequently to draw it through the plate, he imparts a kind of 
twist to the wire which enters the plate, by a peculiar motion of 
the hand in which the coil is supported. In drawing coarse wire, 
which requires considerable power, the workman walks round the 
bench at each revolution of the drum, carrying the lever round 
with him; but for finer wire the apparatus is much lighter, and 
requires very little labour, In factories where inanimate power is 
used the Waning ey ieee are turned by bevil-gearing underneath 
the bench, and the coil of undrawn wire is placed onareel, This 
apparatus is accompanied by an ingenious contrivance which allows 
the drum to fall out of connection with the gearing, and consequently 
to cease to revolve, as soon as the piece of wire is drawn completely 
through the plate, In some cases, as for pinion-wire, which would be 
injured by winding upon a drum, wire is drawn upon a long draw- 
bench in a straight line, the power, which is equalised by the use of 
a fly-wheel, being applied to a winch-handle which, by means of spur- 
gear, imparts motion to a horizontal rack, 

Between the repeated drawings which are requisite to reduce wire, 
especially of the finer or smaller sizes, to the required degree of 
tenuity, it is necessary frequently to heat and anneal it, by which 
processes the fibrous character imparted by the drawing is in some 
degree removed before a fresh extension takes place. The annealing- 
oven should be so contrived as to avoid oxidation as much as possible, 
and to heat all sizes of wire with tolerable uniformity, the thickest 
being placed in such a situation as to receive most heat; and after 
leaving it the wire must be scoured or washed to free it from whatever 
oxide may have formed upon its surface. In order more perfectly to 
remove the oxide (which, if left on the surface, not only impairs the 
appearance and the strength of the wire,‘but also injures the draw- 

) the coil of wire is sometimes immersed in starch-water or stale 
ian aromids during te cere of drawing. A curious and im- 
portant discovery was some years since at an eminent wire- 
manu: , where, in order to heat the acid liquor in which the 
annealed wire was steeped, some ie ya of brass which happened to 
be at hand were made red-hot and quenched in it. It was sub- 
sequently found that, owing to the action of the acid upon the brass, 

iron ae become age Macag Fe be of copper, wae 
great]. ilitated its passage throu e draw-plate, acting, it wo! 
cee. like a lubricating medium. So important was the advantage 
gained, that the practice has been universally adopted in that factory 
of using a weak solution of ig ad in the acid liquor in which iron 
or steel wire is washed. The film of copper is entirely removed by 
the last annealing process, The operation of drawing is also facilitated 
by the free use of grease, or, for the finer descriptions of wire, wax, 
to lubricate the wire as it passes through the plate. The repeated 
annealings of steel-wire would deprive it of too much of its carbon, 
but for the practice, which is not pursued with iron wire, of surround- 
ing it with charcoal-dust while in the furnace, The a igi of the 
drawing process must vary with the quality of the metal, the hardest 
steel wire requiring the slowest motion; but as each successive draw- 


| ing increases the fibrous or filamentous character of the metal, the 


rapidity of the extension may be safely increased as the wire becomes 
more and more attenuated. 
Even when made with the greatest possible care, the holes of iron cr 


harder | steel draw-plates will enlarge so much with wear as to render it im)pos- 


sible to draw any very great length of wire perfectly uniform in thick- 
ness, To remedy this, Mr. Brockedon obtained a patent in 1819 for 
making draw-plates, the holes of which consist of diamonds or other 
hard precious stones, Dr, Ure states that with a plate of this kind 
mounted with a ruby, pierced with a hole 0033 of an inch in diameter, 
a silver wire 170 be long has been drawn so perfectly uniform, that 
no difference could be detected either by weighing portions of equal 
or by measuring with a micrometer. 

r. Wollaston communicated to the Royal Society, in the year 1813, 
a method of drawing wire of extreme tenuity, suitable for use in 
micrometers. This he accomplished, in the first instance, by boring or 
drilling a rod of silver, longitudinally, with a hole one-tenth of its own 
diameter, and then filling it with gold. The compound bar being 
drawn into wire »,th or ;jsth of an inch in diameter, the silver was 
afterwards dissolved in heated nitric acid, leaving a perfect gold wire 
woath or gpth of an inch in diameter. T'inding the operation of 
drilling the silyer rod very troublesome, he wubeenuanit drew platina 
wire, and cast the silver round it, treating the compo bar as before, 
Even by ordinary processes, brass wire is made so thin, that gauze may 
be woven from it which will have 67,00 meshes in a squire inch.’ ‘he 
extreme ductility of the precious metals is still more strikingly illustrated 
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by the manufacture of what is commonly known as gold wire, but which 
is really formed of silver gilt, actual gold wire being made only for 
filagree-work and a few other purposes. In the ordinary mode of 
making gold wire, a silver rod about an inch thick is covered with 
leaf-gold, and then extended to the required tenuity Ww successive 
drawings and annealings ; the proportion of gold allowed to a pound of 
silver being seldom more than 140 grains, and sometimes as little as 
100 grains. Fine gold wire is used for wrapping or hides round 
thread to form gold thread; and its beauty is greatly in , while 
it is enabled to cover a larger surface, by flattening it between polished 
steel rollers. 

For making needles, cards for the woollen and cotton manufacture, 
and various other articles into which wire is fabricated, it is necessary 
to remove the ourvature which it receives by being wound upon the 
~—— or conical drum above alluded to. This is done by drawing 

e wire between pins fixed in a piece of wood, and so as to 
line, the flexures of which gradually dimi- 
nish until they disappear altogether, leaving the wire perfectly straight. 
The size of wire is commonly measured by means of a gage, which 
consists of a plate of steel with a series of deep notches or slits at each 
edge, varying slightly from each other in width, and numbered accord- 
ing to the number given to wire of corresponding size. 

Among the many uses to which wire is applied, the manufacture of 
wire-gauze or cloth is peculiarly interesting. Plainer kinds of weaving 
are performed by a modification of the common loom, the coarser varie- 
ties of woven wire-work produced being used for fences, pheasantries, 
coarse riddles or sieves, &c. ; while the finer sorts are employed for lan- 
terns, sieves, flour-dressing machines, paper -making machinery, win- 
dow-blinds, &c, Aviaries, flower-trailing, skylights, garden borders, 
plant-guards, arbours and summer-houses, flower-bed canopies, flower- 
stands, chairs, garden-seats, window-blinds, bird-cages, fire-guards and 
fenders, lamps and lanterns, meat-safes, lattice for book cases and 
windows, sieves and strainers, all are now made of wire. The property 
which renders wire-gauze so invaluable in the safety-lamp has been 
taken advantage of by the Chevalier Aldini for the construction of 
wire-armour for the use of firemen, which, though very light, is in a 

t measure flame-proof. Wire-gauze is also formed into dish-covers, 

ets, and other useful and ornamental articles, by pressing it 
between moulds into the proper shape, which it retains permanently. 
After being into the required form, the articles are strength- 
ened and neatly finished off by the addition of hoops or rings to their 
edges before they are removed from the mould. Needle-making is one 
of the most important applications of steel wire. Some of the finest 
sorts of steel wire are made into watch-springs, in which form they 
receive an augmentation of value beyond the prime cost of the mate- 
rial probably unparalleled in the whole range of manufacturing indus- 
try. Of the delicate hair-like springs alluded to, which weigh only 
one-tenth of a grain, 70,000 are.required to weigh a pound; and it has 
been repeatedly stated, though perhaps now the statement may be 
hardly correct, that the value of such springs is half a guinea each ; so 
that while a pound of crude iron cost but one halfpenny, a pound of 
these delicate manufactured articles produced from it was worth 
35,000 guineas. One of the most elegant applications of gold and 
silver wire is to the production of jilagree or jiliyrane work. To form 
this, fine gold and silver wire, often curled or twisted in a ntine 
form, and sometimes plaited, are worked through each other, and 
soldered together so as to form festoons, flowers, and various orna- 
ments; and in many places also they are frequently melted together 


bend the wire into a wa 


by the blow-pipe into little balls, by which means the threads are so” 


entwisted as to have a most beautiful and pleasant effect. This kind 
of work is of great antiquity, and was formerly much employed for 
caskets, needle-cases, trinket-boxes, baskets, shrines, and various deco- 
rations for church furniture ; but it bas in a great’ measure fallen into 
disuse. Spangles, or paillettes, which are small round leaves of metal, 
pierced in the middle, and used for ornamenting garments, are also 
formed of wire. A piece of wire is twisted round a rod like the thread 
of a screw, and then cut into little spiral rings, each of which, being 
laid on a smooth anvil, is flattened by a hammer into the form, of a 
spangle. 

An important purpose to which iron wire has been recently ct ae 
is in the manufacture of ropes, which are very superior in strength to 
those made of hemp, weight for weight. An account of wire ropes is 
given under Rore-Max1na, and of wire bridges under BrincE. 

WIRE GAUZE LAMP. [Sarety Lamr.] 

WIRE-WORM, a name given ne farmers to the larve of several 
insects injurious to various crops : they are species of the coleopterous 
genus Hluter, popularly known as Skip-jacks, so called on account of 
their power of throwing themselves up in the air with a spring when 
laid upon their backs. 

The Hlater (Agriotes) lineatus produces a larva which is extremely 
injurious to oats, often appearing in great numbers and destroyi 
whole fields of corn. It attacks the roots, when the leaves turn yellow 
and die off. The Hater (Agriotes) sputator is another destructive 
species. Its larva, like that of the last, resembles the common meal- 
worm in appearance, and may be found at the roots of withering 
lettuces, by destroying which plant it greatly annoys the gardener. It 
eats the root as far as the collar, when the plant dies, Hemerhipous 
seyetis, another insect the larva of which is called the wire-worm, is 


less choice in its ravages, destroying plants of all kinds. Fifty wire- 
— of this kind have been found preying on the roots of a single 
t. ' 

The wire-worm is injurious to all culinary vegetables, also to our 
various grain crops. use of rape-cake in powder has been recom- 
mended as a manure to the ground drilled for wheat where wire-worms 
abound ; but hand-picking seems to be the only effectual way of 
rid of them. The mole, fowls, and above all, rooks, are their 
enemies; and the last-named bird is a valuable ally of the farmer in 
following the plough tracks to devour these mischievous larva. 

WIT, a term which is applied to a faculty of the mind and to the 
products of that faculty. As a faculty, it denotes not a distinct power, 
but certain specific modes of using or operating upon the notions or 
images with which the mind sg to be furni It ranges itself 
under the more comprehensive ity of imagination, with which by 
early writers it was generally used as synonymous; they sometimes 
used it in a sense still more general, as denoting the intellectual faculty 
as distinguished from the will. The precise boundaries of the term 
are too unsettled to admit of any strict definition. It may, however, 
be described generally as consisting in the display of remote resem- 
blances between dissimilar objects, or such at least as have no apparent 
resemblance. This species of wit is exhibited in great perfection in 
two poems of a very opposite class, the ‘ Hudibras’ of Butler, and the 
‘Night Thoughts’ of Young: ludicrously by Butler, to display the 
absurdities of hypocritical pretence ; seriously by Young, to add force 
and point to his reasonings in favour of religious belief and conduct, 

er kinds of remote allusion, often without any actual similitude, 
but suggestive to the mind, by indirect inference, to make the com- 
parison for itself, are considered as wit, and produce a similar effect of 
surprise and pleasure, 

en, instead of the remote resemblances discoverable in 
themselves, the different meanings of the same word are brought into 
ois contact, the operation is called punning, and the product is a 
pun, UN. 

WITCHCRAFT. There is probably no age or country in which 
there has not existed a belief in the possibility of mortal beings 
acquiring the use of swpernatural powers for the purpose of accom- 
plishing some object of their desire, good or evil. In this, as in other 
species of superstition, there will be more or less resemblance in the 
manifestations, wherever or whenever they are exemplified; but that 
peculiar class of examples which comes under the denomination of 
witchcraft admits of certain lines of demarcation, which may be service- 
able in keeping the subject distinct from others. The proper field of 
this superstition was among the Christian nations of Europe—those of 
the north more particularly. It is to be found in full maturity about 
the middle of the 15th century, and flourished with tole equal 
vigour through Catholicism and Protestantism, till it gradually pha) 
before the progress of experimental science. In its doctrinal principles 
it was a mischievous application of the doctrines of Christianity, being 
held to be a manifestation of the powers of evil operating as antago- 
nists to the authority of the Deity. It was not necessarily used to 
accomplish evil ends, because many of the accusations of witchcraft 
relate to acts which as ends are condemned by no known moral code, 
but which became crimes from the means made use of. ‘The powers 
of evil thus employed by human beings had their personal embodiment 
either in the Prince of Darkness individually, or in certain sublunary 
agents called imps or familiars, the messengers between the contracting 
parties, who bore in this agency of evil the same position as that occu- 
“ee by the angels in the holy hierarchy. The return pent the 

uman being for the use of the miraculous powers thus obtained was 
generally his own eternal soul, which, according to a superstition enter- 
tained by the ignorant in all countries where the immortality of the 
soul is a standard doctrine, it was held to be in the power of the 
corporeal possessor to convey in remainder, for value given in wealth, 
luxury, power, or any other object of ordinary human desire. Besides 
the in in which the parties are supposed to covenant openly with 
each other, each party was usually presumed to have in view the 
secondary object of cheating the other. German romance, and, since 
the days of Balzac, French romance, have dealt largely in the horrors 
attending these mutual efforts of imposition, where the one party is 
strugeli to recover his chances of eternal salvation—the other to 
abridge the promised rewards, or to shorten the duration of their 
enjoyment. In its most simple aspect, the struggles of the evil one to 
cheat his victim are exemplified in the ordinary Scottish superstition 
that he gives them money which, when they come to use it, is turned 
into slates or other rubbish; and the same instance is given, by way of 
example, by Biensfeldius, a German author, who in 1591 published 
‘Tractatus de Confessionibus Maleficorum,’ This author, who is one 
of the most systematic of the numerous writers on this subject, and is 
one who, instead of venting the indignation of an excited and terrified 
mind against the lost agents of infernal power, treats all the horrors of 
sorcery with the gravity of an analytical philosopher, tells us that 
there are three elements necessary to the accomplishment of witch- 
craft ; the divine will Leniaperine | it; the power of the devil insti ic 
and assisting the operation ; and man’s corrupt will consenting to be — 
the instrument. It is a further general characteristic of witche } 
that from the commencement of its history the agents or victims have, 
in the majority of cases, been females ; and that in later times, when 
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the character of the superstition had degenerated both in the magni- 
tude of the objects accomplished and the rank of the actors, witchcraft 
came to be considered a power exclusively by old women. 
It is probable that a propensity to attribute the faculty of divination 
and art of perpetrating supernatural mischief to females may have 
legitimately descended from the Pythia of the more early -classical 
times, and the venefica or poisoner of the later periods of Roman 
history ; and that the account of the witch of Endor may have tended 
to strengthen the opinion. In the superstitions, however, of nations 
which have had no means of acquiring knowledge from these sources— 
the African the North American Indians, and the Scandinavians 
anterior to their adoption of Christianity—females seem to have always 
been the prominent agents in the application of the minor supernatural 
influences. In the practice of witchcraft within the limits assigned to 
it in this article, it might be possible to find, in the nature of the con- 
nection between the supernatural being and the earthly agent, a 
tolerably sufficient reason why the influence of a female must generally 
be greater in the infernal court than that of a male. Whoever has 
perused the full records of the trials for witchcraft, or the books in 
which the subject is most minutely investigated, will observe how 
necessarily it must follow that the power of evil being endowed with 
the masculine gender, and communicating his sex to those spiritual 
emanations of his power which sometimes in his stead do his bidding 
upon earth, the mortal recipients of his malign influence must neces- 
sarily be of a different sex. The institutional writers on the subject, 
however, are not found to allude to such a cause, though they lay it 
down as a general principle that women are more liable to be the agents of 
Satan than men, a circumstance which Sprenger, in his ‘ Malleus Male- 
ficarum,’ traces to what he calls their inferiority in mental strength, 
and the natural wickedness of their hearts. 

In going back to an earlier period than that which is here assigned 
as the time when the superstition of witchcraft was full grown, it will 
be found that the accusations most nearly resembling the more modern 
offence of witchcraft are of twe distinct kinds— attempts to accomplish 
mischief through the operation of poison or other natural agents, and 
lapses from Christianity into heathen practices. The Anglo-Saxon 
laws against sorcery or witchcraft are simply levelled against the prac- 
tices connected with the heathen worship from which the people had 
not been long converted. The corresponding accusations in the south 
of Europe are levelled against intercourse with demons who represent 
Diana and her nymphs, or Pan and his satyrs ; and down to the ancient 
period of the belief in witchcraft we find the same personages officiating 
with changed names, and with natures adjusted to the religious opinions 
of the age. The secrecy with which the Waldenses and other early 
seceders from the Church of Rome were compelled to hold their 
religious assemblages, brought upon them charges of indulging in such 
unhallowed rites as were traditionally considered the characteristics of 
ancient heathenism. One remarkable practice of which the Waldenses 
were accused will be recognised by every schoolboy who has heard a 
witch legend in the nursery: they were called ‘‘scobaces,” because 
they rode to their meetings on a scoba, or broom. The ‘ Narrative of 


the i sent Dame Alice Kyteler, prosecuted for Sorcery in 
1324,’ edited . Wright for the Camden Society, and which is 

still more curious from the liglt it throws on the early con- 
flicts the ecclesiastical and the civil power than in its reference 
to this subject, exhibits both the classes of offence here alluded to, 
She was with having prepared noxious compounds, productive 
of debilitation which ended in death, and also with abjuring her belief 
in the Holy Church, with having deserted the mass and the eucharist, 
with having sacrificed to demons, and with having attempted to usurp 
the keys of the Church by impiously imitating the ceremony of 
excommunication. 

During its earlier stages, the art of witchcraft was in far higher 
hands than those to which it afterwards descended, and was used for 
greater Witcheraft or sorcery was the means by which Joan 
of Are was charged with having obtained her power as a warrior. The 
Duchess of Gl ster was banished to the Isle of Man for sorcery 
against Henry VI. Richard IIL made repeated accusations of this 
offence, the most noted of which is the charge against Jane Shore. 
The earlier witch trials in Scotland generally implicate persons of rank. 
Sometimes the women who are accused are young, and they do not 
always use their power for mischievous and malicious purposes. Bessie 
Dunloy . who was tried in 1576, appears to have her art for no 
other purpose than the cure of diseases and the performance of other 
benevolent acts, accomplishing them through the instrumentality, not 
of Satan or any of his emanations, as they are spoken of in the later 
canons of witchcraft, but through the aid of an amiable old gentleman, 
who had the misfortune to be a prisoner among the fairies in Elfland. 
Alesoun Pearson, tried in 1588, had a long intercourse with Elfland, 
which appears to have commenced when she was but twelve years old. 
She had many personal friends among the fairies there, one of whom 
was her cousin William Symsoun, a doctor of medicine and “ ane great 
scholar.” She was in the practice of appealing to her friends in fairy- 
land for the means of curing earthly diseases, and Archbishop Adamson 
did not disdain to follow a prescription which she obtained for him, his 
reliance on it being probably not weakened by his acquaintance with 
the virtues of the principal ingredient, which was claret, These two 
trials so far exhibit the darker characteristics of the witchcraft of later 


times, that Bessie Dunlop’s adviser from Elfland wished her to put her 
soul in his possession ; and Alesoun Pearson was told that of the fairy 
host the tithe is taken every year to hell. The method in which the 
same occurrences are mentioned by writers of different ages shows the 
progress towards the accepted doctrines of the authorities of witch- 
craft; and, as may be afterwards more particularly mentioned, both in 
England and Scotland the investigations of King James did much to 
establish a settled creed in relation to this dark subject. Wyntoun, 
who wrote early in the 15th century, in describing the prophecies 
made to Macbeth, brings the three weird or fatal sisters to him in a 
dream, and makes him inquire after the auguries of his fate, as Croesus 
is made to consult the Pythia. By the time the history had descended 
to Shakspere’s days, it had acquired from the state of opinion on the 
subject which it passed through such adjuncts as enabled the poet, by 
selecting the grander and more terrific features, and adding some ele- 
ments from the current superstitions of his day, to create those hags 
“ so withered and so wild in their attire, that look not like the inha- 
bitants o’th’ earth, and yet are on’t.” Perhaps the latest conspicuous 
oceasion in which rank and beauty have been allied with charges of 
the nature of witchcraft, is that of the Countess of Essex and Mrs. 
Turner, in the murder of Sir Thomas Overbury and the practices 
against the Earl of Essex; but the direct and palpable crimes exhibited 
in this horrible history throw the attempts at evil through supernatural 
influences into the shade. When in later ages it ceased to be encou- 
raged by the great and the learned, witchcraft degenerated, till, in the 
end of the 17th and the beginning of the 18th centuries, it was entirely 
confined to such persons as Harsnet, so early as the year 1599, describes 
in this passage :—‘‘ An old weather-beaten crone, having her chin and 
her knees meeting for age, walking like a bow leaning on a staff, hollow- 
eyed, untoothed, furrowed in her face, having her lips trembling with 
the palsy, going mumbling in the streets,—one that hath forgotten her 
Pater-noster, and yet hath a shrewd tongue to call adraba drab. If 
she hath learned of an old wife in a chimney end Pax Max Fax fora - 
spell ; or can say Sir John Grantham’s curse on the miller’s eels—All 
ye that have stolen the miller’s eels, laudate Dominum de ccvlis ; and 
all they that have consented thereto, benedicamus Domino: why then 
beware, look about you, my neighbours. If any of you have a sheep 
sick of the giddies, or a hog of the mumps, or a horse of the staggers, 
or a knavish boy of the school, or an idle girl of the wheel, or a young 
drab of the sullens, and hath not fat enough for her porridge. or butter 
enough for her bread, and she hath a little help of the epilepsy or 
cramp, teach her to roll her eyes, wry her mouth, gnash her teeth, 
startle with her body, hold her arms and hands stiff, &c., and then, if 
an old Mother Nobs hath by chance called her idle young housewife, 
or bid the devil scratch her, then no doubt but Mother Nobs is the 
witch, and the young girl is owl-blasted.” , 

There are two causes which account for the similarity often found 
to exist in the superstitions of different and distant nations ;—i. Phy- 
sical and mental phenomena common to all mankind and to all parts 
of the globe, producing like effects when brought into the same com- 
binations; 2. A reference to a common origin anterior to the com- 
mencement of the superstition, by which the same opinions adopted 
by families of mankind separated far apart may be traced by ascent to 
a common parentage. A great portion of the witchcraft superstition 
of Europe may be traced to both these causes; but at the same time 
the identity of the phenomena of this mental disease, as exhibited in 
different nations, is so remarkable, as well as the rapidity with which 
the opinions adopted in one part of the world travelled to others, that 
it is evident some other causes have contributed to produce the effect. 
The similarity of the incidents narrated, not only in the books which 
convey the knowledge of these mysteries, but in the reports of criminal 
trials, and even in the confessions of the wretched victims of the creed, 
is so remarkable, down to the most minute particulars, as to justify 
the supposition that a large proportion of the witchcraft superstition 
was propagated by means of books or through the tuition of men of 
letters; aud that thus, in that age of imperfect science, literature 
became for a time the means of propagating and concentrating the 
influence of one of the most baneful superstitions which has ever 
visited the human mind. 

Among the most obvious means which the imagination would sug- 
gest for indicating to supernatural powers the exact evil effect whic 
they are solicited to produce on mortal beings, would be the symbolical 
accomplishment or exhibition of its performance on an eftigy of the 
person intended to be injured. The principles of human action which 
originally suggested this device are so wide spread as to include the 
deification of idols and the burning of an obnoxious politician in effigy; 
but in the practice of witcheraft, the method of symbolically producing 
death or corporal injury is so far uniform as to predicate a systematic 
opinion on the subject. An image of the devoted person was made of 
wax and melted before a fire, stuck through with pins or needles, or 
perforated with arrows. Sometimes the model was of the heart, or 
some other vital part; sometimes a picture was used in its stead. 
Ben Jonson, whose ‘Masque of Queens’ brings together all the pro- 
minent witch superstitions to be found in the classic authors, in the 
commentators, and in the practice of his own days, says in the third 
charm :— 

“ With pictures full of wax and of wool 
Their livers I stick with needles quick ;” 
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nearly a phrase of Ovid's— in the neighbourhood, when he disclosed the fashion in which had 
hep ea simulacraque certa fizit ,and the affair was hushed up. i belle tn on sects 

it miserum tenues iu jecur urget acus.” oses of human beings into brutes is a superstition 60 widely exem- 
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Jonson in his notes refers for this to so old an example as 
the epistle of Hypsipyle to Jason, from which the above is taken; he 
probably had the passage in his eye. He refers also to what he calls 
“the well-known story” of King Duffus, one of the imaginary kings of 
Scotland, the legend of whose sufferings is as old as the days of Wyn- 
toun, by whom it is mentioned, but would be searched for in vain 
among those still older annalists who had: not the means of ornament- 
ing their writings with some of the wisdom of the ancients. Jonson 
says be remembers sume such figures having been dug up in a dung- 
hill in his youth. The story of Bolingbroke and the witch of Bye. in 
Fabyan’s ‘ Chronicle,’ illustrates this practice. In Middleton's ‘ Witch, 
Hecate says, “ Is the heart of wax stuck full of magic needles?” King 
James, in his ‘ Demonologie,’ has a very full examination of the opera- 
tion of this charm; and aiter receiving so high a sanction, it of course 
cuts a conspicuous figure in the subsequent witch trials both of Eng- 
lend and Scotland. [In the latter country it became united with a 
belief in the unearthly origin of the numerous small flint arrowheads 
of ancient workmanship, conspicuous for the regularity and beauty of 
their shape. which are frequently dug up in the north of Scotland. 
The witches of Auldearne, whose feats are recorded in Pitcairn’s 
* Criminal Trials; described a cavern in the centre of a hill where the 
arch tiend and his attendant imps ducted a plet veeveigiens | 
of these missiles; the inferior spirits hewing them out of the roug 
stone and their master giving each as it was presented to him ina rough 
state the proper edge and finish, to adapt it for service. 

Those objects which, from their conection with death and decay, 
are apt to produce loathing and horror in the minds of persons whom 
habit has not made familiar with them, are favourite instruments in the 
hands of witches, to whom their use seems to have descended from the 
necrommancers. There are few narratives of witchcraft or sorcery, from 
Apuleius downwards, which do not present us with some of the spoils 
of the charuel-house, Animals loathsome to the sight from their 
structure being assoviated with notions of deformity, or from the 
venom with which their otherwise feeble frames are endowed, are 
naturally made use of by those who among the ignorant aim at-the 

ion of supernatural powers. In this res; the medicine-man 
of the Indians, called on to try his charms when the traditionary usages 
of the tribe in the application of simples have failed, uses many of the 
same tools as the witch of the loth and 17th centuries, In warm 
climates the serpent, the scorpion, and the lizard are among the charms 
resorted to; but in colder latitudes the adept must be contented with 
the toad, the frog, the mole, and the bat. 

Cats are animals which hold out many inducements to the imagina- 
tive and superstitious. They bring to a certain extent the habits of a 
wild beast into the domestic circle. The contrast between their 
strength and agility, their gentle and fragile appearance, their tenacity 
of lite, their silent and rapid movements, their mysterious gatherings 
at night and strange cries, invest their presence with a fascinating 
mystery. The tombs of Egypt and the history of the Knights Tem- 
plars show that they have received attention in other quarters; but 
the very peculiar position which they hold in the councils of the 
powers of darkness, in connection with the ministrations of witches, 
shows by its uniformity that the opinions regarding them entertained 
by the authorities on witchcraft lore were widely adopted by the 
faithful. in several of the Scottish trials and confessions women are 
found to have assumed the shape of cats, and to have betrayed their 
pranks by exhibiting when restored to human form the wounds in- 
flicted on them in their bestial capacity. At so late a period as the 
year 1718 a sulewn judicial inquiry was made in the shire of Caithness, 
by the sheriff or local judge, into the persecutions suffered by William 
Montgomery, whose life was rend miserable by the gambols of a 
legion of cata, The narrative of the circumstance, as given in Mr. 
Kirkpatrick Sharp's introduction to Law's ‘ Memorials,’ is a lively and 
somewhat exaggerated picture of those general tumultuous gatherings 
of domestic cats which sometimes so unaccountably disturb the repose 
of a neighbourhood. The animals, it was solemnly maintained by the 

rsecuted man’s servant, “spoke among themselves ;" and at length 

ontgomery, his patience being entirely exhausted, fell upon the con- 
clave with a broadsword and an axe, and dispersed them with several 
casualties, The consequence was, that two old women in the neigh- 
bourhvod died immediately, and a third lost a leg, which having been 
broken by a stroke of the hatchet, withered and dropped off. In a 
curious little book published at Leyden in 1656, called ‘Magica de 
Spectris et Apparitionibus Spirituum,’ &c., which is a complete repo- 
sitory of diabolical experience, consisting of a series of narratives ex- 
tracted without comment from historical chronicles and books of 
magiv, an vecurrence is said to have taken place at a town in Calabria, 
no exactly like the above, that whereas Mr. Montgomery was a car- 
penter by profession, the hero of tne foreign adventure was in the act 
of cutting wood when he was distracted by the presence of a turbulent 
bevy of cata, whom he dispersed with his implements. In this case 
the metamorphosis was made rat ish / a charge being brought against 
the individual of having assaulted wounded some women of rank 


societies of men vilised to provide such testimonies 
their customs and belief, that it cannot be ed asa feature 
of the belief in witcheraft. The minuteness, however, of the 


Britain. This superstition may be perhaps more distinctl: 
the influence of a diseased ieinat shan eaoet OF ths 
nected with this subject: by the Greek B ycipommee it is 
have been treated as a disease, Both the English and Scottish 
frequently illustrate the power supposed to be possessed 
vas with Satan of convertin; victims into beasts 
)which they employ to convey to the scenes of their 
assemblies. This feat was ed on a scale by the 
army of witches chargéd with assembling at Blocula in Sweden, 
1669, according to the narrative of Glanvil, in his ‘ Saducismus 
Triumphatus.’ 

A power over the elements is one of those gifts with which 
stition will be most likely to invest its invisible agents, In its le 
striking form it has the interference with the 
natural fruits of the earth, either by blasting some district, 
or transferring its elements of fruitfulness that they may increase the 
produce of some other tract in which the sorcerer is interested, 
species of incantation is prohibited by the Twelve Tables ( 
‘ Uebersicht, &c. der Zwélf-Tafel-Fragmente’), and the illustrations 
it in the witch trials are too numerous to be mentioned. A 
maritime population living on a stormy coast will endow their 
nant demons with a more awful authority over the winds and waves, 
Olaus Magnus treats largely of the ere Sen pe powers of the Scan- 
dinavian witches. It was on his return from these regions with his 
wife Anne of Denmark, that King James produced so i barter 
accusations against witches for aiming against his life; and coming 
from a spot where such a particular department of witch superstition 
was prevalent, it is natural that the aspect assumed by the accusations 
should be an attempt to create a storm at sea for the purpose of 
intercepting his voyage. In the accusations against the witches 
Aberdeen in 1596 and 1597, the record of which is printed 
Spalding Club, the exercise of a power over the elements is one 

In the curious narrative as to Margaret and oth 
ok sari by Sir Walter Scott in his * Demonology, 
eature, This specific superstition does not seem to have taken root in 
England, and Shakspere, whose witchery in ‘ Macbeth’ is essentially 
Scottish in character, has given it a place there :— 
‘Though you untie the winds and let them fight 
Against the churches; though the yesty waves 
Confound and swallow navigation up.” 


It is a remarkable circumstance that nowhere are the identities 
between the opinions pens in doctrinal works and the practice 
of witchcraft more fully developed than in the confessions of the 
witches as produced in official documents. The horrible tortures, which 
the alarm produced by the ep existence of a coalition with Satan 
seems to have prom men of ordinary humanity to sanction, appear 
to have generally called from the exhausted victims an assent to whatever 
narrative was dictated to them, and the inquisitors being learned men, 
acquainted with the best authorities on the subject, would know how 
to connect the received doctrines of sorcery with whatever train of real 
circumstances may have been brought home to the victim, Knowing, 
in fact, ey nt of said rhe Pagel wey be able to fill up the 
supernat etails. argaret , tri 1618, was, according 
to the record by Sir Walter Scott, subjected to “gentle 
torture.” Sir Walter calls this “a strange conjunction of words;” 
but it is not without precedent, and we can imagine it taken 
Biensfeldius, who tells us of a lady who, in 1590, at Cologne was sub- 
jected to “ modurata tortura.” The Incubus and the Succubus—the 
2 ad ba cia of females, ek pe) of males—are prominent in 

e confessions, and open up a w of psycho- ological * 
These notabilia are ee upon in several “Fine Stottiah tea 
Reference may be made to the appendix to Pitcairn’s ‘ Criminal Trials; 
P 610,and toa pamphlet called ‘ History of the Witches of Renfrewshire.’ 
ge Scot goes over the same vor hd and further curious matter 
will be found in Glanvil, ‘ Saducismus Triumphatus ;’ §; , ‘ Mal- 
leus Maleficarum ;’ and Delrio, ‘ Disquisitiones a } There is no 
doubt that some of the confessions were voluntarily made; and that, 
whether dictated by their own imagination or by their reading, 
self-accusers did not speak on the suggestion of others. There are thi 
two mingled elements in these documents, the separation of . 
would be ne to and would materially aid a philosophical 
amination of the causes which have produced such singular ettects : 
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one would bring before us the physical and psychological causes 
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the mind i 

occurrences; the other would explain the utterance of con- 
of. such acts by persons who, until they were subjected to 
never imagined their existence. The confessions made under 
were, however, frequently revoked during moments of mental 
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and ph: resuscitation. 

The influence on society of a belief in witchcraft was of the most 
pernicious kind, It gave an unchecked flow to all the malignant 
‘passions ; some venting them in accusations, others in attempts to 


the year 1515 five hundred people are 
to have been executed at Geneva on charges of witcheraft; and 
Remigius, the inquisitor, boasts that he put nine hundred to death in 
Lorraine, The first person who lifted his voice against these cruelties 
in 1568. He and his followers carried on a 
Bodinus, Scribonius, and others, in which it 
defenders of witchcraft were the more 


& 


diabolical possession, not its existence. Against 
swimming a witch to see if she will sink or float, 
traced as an ordeal succeeding that of the red-hot 
which inferred that a body in which an evil spirit 
could do no more than adduce the 
of swine into which Jesus cast the 


Cyr 

one believes that, by turning his hat thrice and crying 
take away a man’s life; ‘this were a just law made 
by the state, that whoever should turn his hat and cry ‘buz’ with 
an intention to take away a man’s life. shall be put to death.” The 


shown him that a law waging war with intentions incapable of 
fulfilled must be both useless and mischievous. Sir |‘homas 
whe and Sir Matthew Hale were believers in witchcraft, and attested 


that there 
su uent to the year 1682; but the statute of 1 James I., c. 12, so 
enactments against witches, was not repealed till the 


worthy of remark, as one of the last vestiges 
su ition in educated and professional minds, that in a 
called ‘The Institutes of the Law of Scotland,’ published in 
Edinburgh in 1730, by William Forbes, an author deservedly neglected 
a, wwyers, after a specific definition of the nature of witch- 

, there is the following passage :—*‘ Nothing seems plainer to me 


its orp 
TENAGEMOTE, literally an “ assembly of wise men,” from the 
Saxon “ gemoth,” an “assembly,” and “ witan,” ‘to know,” 
which has the same root, “wit” or “ wis,” as the words wit, witness, 
wise, and the legal phrase still in use ‘“ to wit.” 

Although the chief rulers of the Saxon states, nearly down to 
the time of the Conquest, bore the title of king, and in their charters 
and letters attached to it many sonorous epithets, yet in fact they 
were little raised in power above the other chiefs of their nation. To 

ion by these chiefs the king owed his office; and if the sceptre 

in his race, it was by means of the formal recognition of the 

ing by the nobles in an assembly convened for the purpose. Of 
this assembly the chief ecclesiastics in the kingdom, archbishops, 
abbots, the judges (if such there were), and the largest 

formed part. Whether the main body of the people had 

this great council is doubtful ; but judging by the analogy of 

the shire motes, and of all the political and judicial institutions of our 
Anglo-Saxon ancestors, it is probable that the freemen who were near 
the spot had a right to be present. Any important law or regulation 
was transmitted for approval or consideration to the various folk- 
motes. While the folkmotes were small, and the occasions for assemb- 


mote, and thus form an — of counsellors, or witenagemote, 
This change was no doubt gradual, 


condemned a 


It is certain that it was in existence in this form under Ethelstan, 
(A.D. 931) and that all the sheriffs of counties attended it. In 934 
there were present at one of these assemblies the king, four Welsh 
princes, two archbishops, seventeen bishops, four abbots, twelve 
dukes, and fifty-two thanes. The members were not elected, in any 
sense but either nominated by the king or summoned by the assembly 
after having been constituted; and the members seem to have had the 
right, or assumed the privilege, of introducing a friend or counsellor. 

The powers of the witan were extensive. As a consultative body 
they had a right to consider every public act which could be authorised 
by the king: they deliberated upon the making of new laws, which 
were to be added to the fole-right, and which were then promulgated 
by their own and the king’s authority ; they had the power of making 
alliances and treaties of peace, and of settling their terms; in them 
was vested the right of electing the king, whom also they had the 
power of deposing if his government was not conducted for the benefit 
of the people. They, together with the king, had the power to appoint 
prelates to the vacant sees; they had also the power to regulate 
ecclesiastical matters, appoint fasts and festivals, and decide upon the 
levy and expenditure of ecclesiastical revenue; and, with the king, to 
levy taxes for the public service. The king, with consent of the 
witan, had power to raise land and sea forces when occasion demanded. 
The witan possessed the power of recommending, assenting to, and 
guaranteeing grants of lands, and of permitting the conversion of 
folcland (common land) into bocland (book-land), and vice versd, 
They had also power of adjudging the lands of ofienders and intestates 
to be forfeit to the king; and they acted as a supreme court of justice, 
both in civil and criminal causes (Kemble, ‘ The Saxons in England.’) 

A witenagemote in the reign of Ethelwolf (855) granted to the 
church a tenth, with the assent of the kings, thanes, barons, and 
people. The eighth law of Edward the Confessor names the people; 
and the 35th law recites that it passed by the common advice and 
assent of all bishops, princes, chieis (procerum), earls, and of all the 
wise men and elders, and of the people (populorum) of the whole 
kingdom. Sergt. Ruffhead, iu his preface to the Statutes, conjectures, 
confessing at the same time his ignorance, that the fulemote resembled 
our House of Commons, the ealra-witenagemote our House of Lords, 
and the witenagemote our privy council. Undoubtedly some of the 
functions which in far more recent times the privy council has 
performed did devolye upon the witan; for instance, their approval 
was required for certain acts of the king; and generally their ottice 
was less to devise measures than to cunsider and to sanction those 
which were submitted to them. 

In concurring in royal charters and grants the witenagemote per- 
formed the double office of consenting to and of attesting these gifts 
or privileges ; and here their office was analogous to that of the shire- 
mote, which in those rude days distributed justice rather according to 
the notoriety of the facts than to any systematic rules of investigating 
the truth, and qualified itself for this otlice by requiring that the main 
transactions touching the rights and property of mdividuals within its 
district should pass in its presence. 

In those eases where the administration of justice was impossible in 

the county courts, owing either to their want of jurisdiction, or to the 
power of one of the parties, the authority of the witan was appealed 
to; and the nation pledged itself to support the executive power of 
the rie giving to his arrangements the foree of a law. Thus the 
great family of Godwin earl of Kent was outlawed in 1043, and 
restored in 1052 by the authority of the witan; in another case the 
title of a great landholder to estates of which the muniments had been 
destroyed was acknowledged, and a new deed setting out the bounds 
was granted. 
During the Anglo-Saxon times the possessions of the king, and the 
ordinary payments made to the crown by every landholder, together 
with the duties paid by townships, were sutticient for the ordinary 
wants of the government, especially as the triple duty (trinoda neces- 
sitas) of roads and bridges (bry-bute), maintaining the walls 
of the burghs (burgh-bote), and resisting invasion (the fyru), was 
invariable. The king too was entitled to tolls on goods sold in most 
markets and fairs, and to customs on imported goods; but in those 
emergencies when a iary contribution was to be made by the 
nation, the witan were called on to accede to the tax. 

It is very remarkable how these powers have been transmitted to 
our present parliament, though some have been separated and allocated 
between the House of Peers and the House of Commons. The witena- 
gemote was of course abolished by the Norman invader; but the idea 
was evidently preserved and ultimately developed even by the Normans 
themselves. It assumed a distinct form when Simon de Montfort, 
earl of Leicester, issued writs in the king’s name to the sheritis of all 
counties, commanding them to return two knights for the county, and 
two burgesses for certain named boroughs, to sit in parliament to con- 
sult on the affairs of the nation. 

(Sir F. P ve, Rise and 33 of the English Commonwealth, 
1832; J. M. Kemble, Zhe Saxons in England, 1849.) 

WITNESS, from the Saxon witun, “to know.” [Evmenon,] 

WUAD (Jsatis tinetuoria) is a plant which was once cultivated in 


Britain to a considerable extent for the a ive extracted from ae It 
has been greatly superseded by indigo, which gives a stronger and finer 
blue; but on some soils it might stil. be cultivated to advantage. 
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The woad is a plant of the natural order of the Cruciferc, classed by 
Linnwus in the Tetradynamia siliculosa, It has a strong tap-root, 
which lasts two years. The height of the plant when in perfection is 
from three to four feet. It throws out many branches from the upper 
part of the stem. The leaves are alternate and smooth, the lower on. 
foot-stalks. large and spear-shaped, the upper embracing the stem and 
arrow-shaped. The flowers are yellow, in panicles at the extremity 
of the branches. The fruit is a heart-shaped pod, with two valves con- 
taining one seed only. 

It requires a good substantial soil of considerable depth and fertility ; 
for the larger and more numerous the leaves are, the more profit is 
derived from the plant. A wet clay soil is not at all suited to its 
growth, nor a loose sandy one. When it was largely cultivated in 
England, old pastures ploughed up afforded the best soil for the woad 
to grow in. These were often taken at a very high rent for two years 
by men who made it their business to cultivate the woad and prepare 
the colour, and who found it a profitable speculation. To have good 
woad the land should be sobiray very rich. or much manure should 
be intimately mixed with it some time before; nothing but com- 
pletely decomposed dung should be used, or compost made on purpose 
a long time before. 

The land, having been prepared by repeated ploughings and perfectly 
clean, is laid into narrow beds with deep intervals. On these beds the 
seed is sown in February or very early in March. It is sometimes 
sown broadcast, and the plants thinned out, but sowingit in drills, two 
rows on a four-feet bed, is much the best practice. The drills are 
one foot from the edge, with two feet clear between them ; some make 
five-feet beds, and there is an interval of thirty inches between the 
rows, which allows of better cleaning, and gives the plants more room 
to si When the plants are come up in the rows, they must be 
thinned out by hand, leaving the strongest about two feet apart; the 
leaves will soon fill up the intervals, They begin to ripen in June. 
They are fit to gather when they begin to droop and become yellowish, 
This should be done in very dry weather, and after the dew is off. 
The leaves of the woad are either twisted off close to the stems or cut 
down with a sickle. Great care must be taken that no dirt or earth 
adheres to them. Some recommend taking off the lower leaves first, 
when they appear ripe by drooping and turning yellow, and letting the 
upper leaves remain till they show the same appearance ; then nothing 
but ripe leaves will be gathered. ‘This stripping may be repeated two 
or three times as the leaves grow again. ‘lhe plants destined for seed 
are only stripped once or twice, for fear of weakening them. It might 
probably be advantageous not to strip them at all, but to leave the 
whole strength for the formation of the seed, which will be larger, and 
produce finer plants the next year. 

The first gathering of the leaves is the best ; they should, therefore, 
be kept separate to obtain the best dye. As soon as the leaves are 
gathered, the bed should be well and deeply hoed or dug, to give a 
fresh impulse to the roots. 

The leaves are naturally full of sap, and soon begin to decompose if 
laid in a heap. They should, therefore, be partially dried, and imme- 
diately carried to the mill to be manufactured, The seed will vegetate 
when two years old, but cannot be depended on after that. 

Woad is also occasionally sown as food for cattle; and has been brought 
forward for this purpose under its French name of “ Pastel.” Its 
vigorous growth and hardy nature have recommended it; but it will 
only grow in very rich soils. There are many other plants as vigorous 
and hardy, which will thrive well in inferior soils, and therefore are to 
be preferred. But for its dye this plant is well worthy of the attention 
of those who have good rich and deep soils. 

WOMB, DISEASES OF THE. The organ which is devoted to 
the retention of the fotus during the early stages of its development 
{Rerropvction 1x Prants anp Animacs, in Nat. Hist. Drv.] and 
which is also called the uterus, is subject to all those pathological con- 
ditions which are found in other organs composed of similar tissues, 
The principal tissues to which attention need be directed are the 
muscular substance of the uterus and its lining mucous membrane. 
The latter is continous through the os uteri with the same membrane 
in the vagina, and the affections of the one are often found in the 
other. Like the mucous membranes in other organs, those parts may 
be inflamed or congested, or their function may be disturbed. One of 
the most common and troublesome forms of disease of these membranes 
is that which is called leucorrhea, and which is attended with an 
increased secretion from the mucous membranes. This may or may 
not be attended with pain and other symptoms of congestion. Where 
the latter is present, the disease requires a different treatment to those 
cases where nv such symptoms are present. Rest, saline purgatives, 
and an antipblogistic regimen is beneficial in these cases. On the 
other hand, where the pain is slight, and the pain more that of 
nervous irritation, and there are generally symptoms of a debility and 
want of tone in the system, there tonics, such as quinine and iron, 
especially the latter, will be found of great benefit. Rest, cold bathing, 
and a regimen adapted for debilitated states of the system, should be 
recommended. These cases are often accompanied by nervous sym: 
toms, which more or leas approach the condition of hysteria (Hrereathl, 
and which also require special treatment. 

In cases where the congestion is more active, the secretion from the 
mucous membrane becomes puriform, and hasa yellow colour. In 


these cases the more active measures resorted to in inflammatory 
affections need be had recourse to. Where such an inflamed condition 
of the mucous membrane is kept up, ulcers frequently occur on the 
surface of the membrane, more especially in the contracted portion 
called the os uteri. These ulcers are frequently attended with excessive 
irritation of the nervous system, producing intense pain of the back, 
more especially in the region of the coceyx. The general syetem also 
frequently suffers in these cases, and great feebleness and exhaustion is — 
the result. Although such ulcers will frequently pass away by 
judicious general treatment, it is in such cases that Lead applications 
ave been found of most especial benefit. Injections of tannic acid, 
alum, —— of zinc, and nitrate of silver, are all to be iy ae 
Occasionally, in inveterate cases, it may be necessary to apply lunar 
caustic, or even caustic potash, to the ulcer itself. This practice, which 


is very commonly pursued by French practitioners, does not commend 
itself so strongly in England. 

The tissues of the uterus are especially liable to attacks of ben 
nant disease, The nature however of the pearraemyg| ete by the 
development of cancerous formation is essentially different from the 
ulcerations last spoken of. Nor is there any evidence to prove that 
simple ulceration ever terminates in the malignant form. It is also 
important, however painful it may be to know, that where at 
ulceration has been once set up, it can never be arrested. This ought 
to prevent the local application of such powerful remedies as the actual 
cautery and caustic potash, which can only add to the sufferings of 
the patient without producing any beneficial result. iG 

The uterus is subject to the occurrence of fibrous, cellular, and other 
tumours, which, although they produce great inconvenience, are not — 
necessarily fatal. When these occur on the internal surface of this 
organ, they are frequently more or less pedunculated, and may be 
removed by ligature or the ecrasseur. a 

The uterus not being attached directly to the solid framework of 
the body, is liable from the stretching to which its — are 7 
during pregnancy to considerable displacements. It may be tilte 
over packeebaa which is called retroversion ; or it may be introverted, 
or it may sink lower than natural into the outlet of the pelvis, con- 
stituting what is called prolapsus uteri. For these mechanical defects 
various appliances have been made with more or less success. 

Functional disorders of the uterus are very frequent in both un- — 
married and married females, The periodical and sanguineous effusion 
which off from the mucous membrane may be increased in 
quantity, or decreased, or changed. The amount of the catamenia — 
varies in different women, and in the same woman at different periods _ 
of life, but occasionally the increase is so great as to produce rR 
and other symptoms of exhaustion. This is called menorrhagia. It 
sometimes comes on from over-exertion, on the abortion of the embryo, 
and all that is generally required is rest, and the same treatment as 
would be adopted in hemorrhage from other organs. Sometimes the 
discharge is produced by an inflamed or co’ condition of the 
uterus. There is pain in the back, and a full quick pulse, and other 
symptoms of inflammatory action. In these cases an antiphlogistic 
regimen should be pursued, and active purgatives with other lowering 
medicines may be given. It often happens, however, that the menor- 
rhagia occurs in quite a different state of the system, and here 
quinine and sulphurie acid, or tannic or gallic acid, should be given. — 

The opposite state of this function is called amenorrhea,, The sup- 
pression of the accustomed secretion may arise from various causes, 
and where any obvious impropriety can be detected of course this must 
be prevented. Amenorrhea comes on in opposite states of the system, 
but it is more frequently a symptom of general debility, and comes on 
as a symptom of most exhausting and debilitating diseases, Should 
there be amenorrhea without any other pressing symptoms, aloetic 
purgatives combined with chalybeates and tonics will frequently be 
found all that is required. The removal of girls from the impure air 
of towns to the more invigorating atmosphere of the sea-side is a 
potent remedy in such cases. 

Accompanying either of the before-mentioned affections, or without 
any increase or decrease of the catamenia, there is frequently great 

This is called Dysmenorrhea, In these cases the general health 
should be attended to between the periods of attack, and opium judi- 
ciously administered will be found the most valuable remedy in reliev- 
ing the pain. This secretion is frequently lighter in colour, or presents 
other changed physical appearances, all of which indicate some general 
derangement, and such cases should be treated accordingly, The 
affections of the nervous system which may arise from disordered affec- 
tions of the uterus are very numerous, in may be reflected from 
the uterus as the centre both upwards and downwards, and the parietes 
of the abdomen, the loins, and the thighs and legs, may be the seat of 
acute neuralgic pains, The nerves of motion may in like manner be 
affected, and convulsive movements or entire paralysis may-be the 
result. Such affections retire when the local affection is removed, 
and all attempts at curing the secondary diseases will fail until the 
primary one is removed, [Nervous System, in Nat. Hist, Dry.; 
Hysteria. ] 

WOOD. [TrseER.} 

WOOD, DECOMPOSITION OF. Neca ~e" PRESERVATION ont: 

WOOD-ENGRAVING is the art. of producing raised si prasad 
excision, on blocks of wood, from which impressions can be a 
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by means of a coloured pigment to paper, or. other suitable medium, and 
generally applied to pictorial representations of objects. 

The art of cutting both upon metal and wood for other purposes 
than those which are now understood as printing, ascends to a very 
remote antiquity. [Encravinc.] The ek pene bricks [CuNEIroRM 
Cxaracters | bear inscriptions that have probably been formed by a tool, 
not much e some are now used in wood-engraving, but with 
the difference that these characters are incised. The Egyptians seem to 
have made a very close approximation to printing. Some of their 
wooden stamps are yet remaining, and are perfectly capable of giving 
impressions in the manner of our present wood-cuts, though their use 
was doubtless for stamping on clay or other ductile material; bricks so 
impressed being frequently found, of which some are in the British 
Museum. 


The earliest application of wood-engraving to the production of a 
book originated, there can be but little doubt, in China, and about the 
middle of the 10th century, although it has been contested, chiefly on 
aecount of the silence of Marco Polo, whose work was written in the 
last two or three years of the 13th century. The omission is certainly 
remarkable; yet on the other hand the date here given does not ascend 
to the period of Chinese fable, but to a period which is reached by 
sober historical works, and the dynasty under which it is thus stated 
to have been invented (that of Soong) beeame remarkable for the rapid 
development of literary genius that took place under it. It is stated 
that the first essay in printing was made by cutting in stone, and 
transferring the impression to paper, the characters of their language 
being thus white and the ground black. This was speedily relinquished 
for the use of wooden blocks, in which the characters were cut in 


books. No material alteration has since been made, except that of 
Tobsdideinve “pb 


are the illustrations to the Wan 

Show, “pieces of music and songs sung in the streets on imperial 

birth-days,” being a series of representations of the public entertain- 

and exhibitions, horse-racing, foot-racing, &c., of which there is 

in li of the Asiatic Society. The work itself is in 

vols., of a size somewhat larger than our demy 8vo, and the illus- 
trations form a separate volume of several hundred pages. 

The material used by the Chin “gabe! pexnige which is tough, but 
easy to cut, and of which slabs of ete re ee ree 
The method in ving and printing us described by 
Sir J. F. Davis, in The Chinese , a General Description of the Empire 


ro 


Sieeeicend a4 the moe time softens and oth 


person 

tter, who, while the above-mentioned applica- 

tion is still wet, unites them to the block so that they adhere, but in 
inverted position, the thinness of the paper displaying the writin 


speaking, ‘ the press of China’ 
whatever is used in their printing. 


the ion. They do this with such expedition that one man can 
take ina onnie of thousand copies in a age 
In Europe, the first application of the art of wood-engraving took 
in Germany, though the place is not exactly ascertained, but is 
to have been near Niirnberg, about the close of the 14th or 
ing of the 15th century. It was probably first used for the pro- 
duction of playing-cards, the outlines of which were formed by impres- 
sions from wood-cuts, and the colouring filled up by ; for we 
dismiss as utterly unfounded the story told by Papillon, in his ‘ Traité 
de la Gravure en Bois,’ of im ions of a series of wood-cuts seen by 
him, of a date between 1285 and 1287, executed by Alexander Alberic 
Cunio and Isabella, his twin sister; although the story is believed by 
uiry into the early History of Engraving’). Zani disproves 
the story. (See Zani, ‘ Materiali per servire alla Storia de’ Progressi 
dell’ Incisione in Rame e in Legno,’ p. 222.) é 
The origin of playing-cards has been the subject of much contention, 
ARTS AND SCT, DIV. YOU. VII. 


and the documents from which conjectures have. been drawn as to the 
date have been singularly subject to perhaps unintentional variations 
by copyists. Thus the Abbé Rive (‘ Etrennes aux joueurs de Cartes’) 
quotes a statute of Alfonso XI. of Castile, forbidding the use of cards 
in 1342; but his authority is only a French translation of a Spanish 
poem written by Guévare in 1539, and in the Italian translations 
first published in 1558 no mention is made of cards, John I. of 
Castile is also ‘said to have issued an edict against the use of 
them in 1387 (Bullet, ‘Recherches Historiques sur les Cartes h 
jouer’); but here again the authority is a collection of the laws of 
Spain printed in 1640, while, in an earlier collection, printed in 1541, 
the same law only forbids the playing at dice and trictrac for money, 
omitting all mention of cards, The early specimens of cards show that 
they were of two kinds: one, called tarots, was formed entirely of 
emblematic figures, and was probably used in games similar to those 
in which now we endeavour to convey instruction in some departments 
of learning ; the other, called numeral cards, was in four suits, bearing 
different names in various countries, but essentially the same as our 
present playing-cards. It is almost certain that the first are of Italian 
origin ; they are noticed in 1392, in a life of Philip Maria Visconti, 
Duke of Milan. In the same year the following entry has been found 
in the archives preserved in the Chamber of Accounts-in Paris :— 
“Donné dX Jacquemin Gringoneur, peintre, pour trois jeux de cartes, 
a or et & diverses contours, ornés de plusieurs devises, pour porter 
devers le seigneur Roi, pour son esbattement, cinquante sols Parisis.” 
This, to some extent, confirms the tradition of their being invented for 
the amusement of Charles VI. of France. If not specially invented, 
they were brought into early employment for this purpose. These 
cards were painted, but as they came quickly into general use, the 
wood-cut was speedily adopted, and, in the Bibliothéque Imperiale of 
France, ten of the numeral cards are preserved of the date of 1425. 

Cards soon became not only an amusement, but an important article of 
commerce. In the registers of the city of Ulm there is inscribed, in 
1402, the name of a burgess who was a painter of cards. In 1418 the 
burgess-book of Augsburg contains the name of a “ Kartenmacher,” or 
card-maker. The trade in cards from Augsburg, Niirnberg, and Ulm 
became so great that Venice prohibited their importation, and in Sicily 
they were imported by the cask. It is thence almost certain that it 
must have been by means of some facility in multiplying copies that 
they could have been manufactured so cheap as to command so 
extensive a demand in foreign countries, but none of the specimens 
now remaining enable us to fix any precise date to their production. 
We give one specimen, copied from Mr. Singer’s work on playing- 
cards : : 


Knave of Bells, 


Jiiger (‘ Kunstblatt,’ for 1833) found, under the year 1398, the name 
of one Ulrich, a wood-engraver (Formschneider), but whether he cut 
blocks for cards, for seals, or for prints, is at least doubtful. (Passavant, 
‘Le Peintre-graveur, i.11.) There also occurs, in the necrology of 
the convent of the Franciscans, at. Noerdlingen, which terminated at 
the beginning of the 15th century, the name of a lay brother, Luger, 
who was an excellent engraver in wood. (‘ Optimus incisor lignorum ;” 
Heller, ‘ Geschichte,’ p. 25.) Luger was probably, as Passavant s é 
an engraver of religious subjects, and several wood-cuts of a very early 
date are still extant, which, if not executed in a monastery, were 
executed for one. (See list in Passavant, i., p. 22, &c.) But the first 
wood-cut with a date known to be in existence is of 1423. It was dis- 
covered by Heineken, pasted on the cover of a manuscript in the 
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library of the convent of Buxheim, near Memmingen, in Suabia, and is 
now in the library of Earl Spencer. It represents St. Christopher 
carrying our Saviour on his shoulders across a river. ‘The two figures 
are drawn with much spirit; but the accessories, a man with a loaded 
ass, a hermit holding up a lantern, and a man ascending a steep path 
toward a house, show a deplorable want of knowledge of perspective. It 
is by no means certain, however, that this print is the most ancient spe- 
cimen we , as there are several others which, from their greater 
rudeness, have been held to have superior claims to antiqnity. But 
this radeness cannot be accepted as a proof, as there is reason to 
believe that these scriptural subjects were addressed to the wants of 
the poorer classes, and were intended to supply the place of the more 
costly iluminations of the rich, while they auimitted of being made to 
occupy a middle place by being finished off by hand in colours; and, 
indeed, many of the eg | specimens owe of their radeness 
to the defect of parts intended to be so ni eed Cheapness was 
therefore an element necessarily required in the production of these 
rints. 

The art, however, made rapid progress. The next great step was 
the production of block books and the adoption of moveable letters. 
[Prixtixc.] Without entering into the disputed question of the dates 
of the ‘ Biblia Pauperum,’ the ‘Speculum Salvationis,’ and others, it 
will be enough to say that they prove the extension of its use, and 
many of the early books with moveable types were illustrated with 
pictorial wood-cuts. Of one of these works we subjoin a fac-simile 
specimen. A selection of rare and beautiful specimens of block-books, 
including the ‘ Biblia Pauperum,’ supposed to be the earliest, and the 
‘Opera nova Contemplativa,’ the latest block-book, is exhibited in the 
British Museum, cases 1 and 2 in the Grenville Library. 
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Maps also were engraved on wood. In an edition of Ptolemy, 
printed in 1482 at Ulm, there are twenty-seven ; and in a later edition, 
inted at Venice in 1511, the outline, with the mountains and rivers, 
is in wood, while the names are printed with type, and in two colours, 
no doubt by separate workings. In England, the original map of 
London by Aggas, gee: | 6 ft. 3 in. by 2 ft. 4 in., to which the date 
of 1560 was assigned by Vertue, though it was probably some years 
later, was on wood in several blocks, worked on separate sheets of 
. In 1486 the improvement known as “ cross-hatching,” by 
which the bold and free effect of a pen-drawing was endeayoured to be 
attained, was shown in Breidenberg’s ‘Travels,’ printed at Mentz. 
This invention has been usually attributed to Michael Wohlgemuth, 


‘YA Treatise on Wood-Engraving,’ have agreed that Diirer did 
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the master of Albert Diirer. This work, however, preceded by 
years the Niirnberg Chronicle. said to be by Wohlgemuth, but 
oped only furnished the designs, and the execution of the o 
na very superior style to that of any existing contemporary prod) 
two fao-simile specimens are given in ‘ A Treatise on Wood-Engraving, 
Historical and Practical,’ executed by J. Jackson, the most complet 
work that has been produced on the subject in this country, and to 
which we are much indebted, although we have been compelled to 
differ from some of the opinions therein. bin 
The art had now attained an excellence which induced artists 
celebrity and talent to select it as the means of com ’ 
designs to the world, Among the most distinguished in this line’ 
Albert Diirer, whose productions as a painter,-and an’ engray 
copper and wood, are so numerous as to excite a doubt whether 
actually an engraver on wood himself, or whether he only 
design on the blocks, leaving them for other hands to execute. 
majority of critics regard it as certain that Diirer snererys p 
his own designs; the inequality of execution of those marked ¥ 
monogram forbids the belief that all were from the same hand. B 
in his ‘ Peintre-Graveur,’ and the writer of the work above men 


engrave on wood. The last-named says, of all the wood-eng 
marked with the initials of Diirer, about two hundred, “ th 
part of them, though evidently designed by the hand of a m 
engraved jn a manner which certainly denotes no very gree e} 
and that none are so superior as to challenge a belief that the: 
be from his own hand; but he acknowledges that “the cuts. 
‘Apocalypse’ (published in 1498), five years after the Niirn 
Chronicle, and eight from the expiration of his apprenticeship) gen 
rally are much superior to all wood-engravings that had previc 
appeared, both in design and execution.” Yet he asserts that 
superiority in execution does not arise from any delicacy or skill in 
engraving, “but from the ability of the person by whom 
drawn, and from his knowledge of the capabilities of the art.” An 
argument is the frequent employment in his euts of cross-hat 
work of no artistic difficulty, though one of minute and tedious 


thickening the lines, though in cutting the case is reversed. The 
argument is, that, with his other avocations, Diirer could not 
found time to execute the great number marked with his name. 
this we may remark, that a knowledge of the capabilities a e 
was most likely to have been acquired by practice—a fact that i 
even at present by persons who draw on wood ; and it is rem 
that in the ‘ Apceatae the use of cross-hatchings is much 
sparing than in many of his later works. There can be little d 
that, as he advanced in Bsbag en he ate himself of assistance a 
only in wood-engraving, but in painting and engraving on copper. “ae 7 
is Phan that he had many pupils, and of connie tna ores r 
they were instructed. His wood-cuts are marked prec as his 
engravings on copper are marked, and we think there are thus g 
for supposing that the cuts of the ‘ Apocalypse’ are chiefly from 
own hand, and that in the others he at least closely supe 
their execution and gave the finishing touches. There is much in 
designs that patient fidelity could successfully copy, but there is mu 
of artistic feeling and expression that none but an artist of great 
could reach: we refer, as an example, to the Christ taken fro 
Cross, of which the block still exists, and from which impressio! 
printed in Ottley’s a, into the Origin and Early Hist 
Engraving,’ and in whi e cross-hatching is but ingly, ] 
effectively, introduced. It is yet a common preutioe for ahaehventt : 
employ their pupils in the more tedious and mechanical parts of 
business, and this might lead him to adopt the cross-hatching n 
frequently than in those executed by his own hand, in which, ho 
he would not altogether omit it, as it was then understood to 
improvement. It would be hard, however, in such cases to wit 
the merit of the engraving from the master because he had be 
assisted perhaps by various persons, according to their begs 
his immediate supervision. This is also Ottley’s opinion. He 
“Diirer or Burgmair might have found employment tor a dozen y 
men;” and that of the Abate Pietro Zani (‘ Encyclopedia Me! A 
critico-ragionata delle Belle Arte,’ Parma, 1821). On the other hand, 
Passavant, who has collected the whole of the evidence, and peat j 
the opinions, on each side (‘ Peintre-Graveur,’ vol. i.) inclines 1 
belief that Diirer’s designs were certainly for the most part engra 4 
by Bee saap' wood-engravers. — 
hus much we have thought it necessary to urge in favour of Diire 

claims to be considered as an engraver on wood, though doub 
merit as an artist is to be estimated rather from his other work, 
painter, an engraver on iy" and as asculptor, in all of which he 
excelled. In the hi of the art, however, the question has b 
little real importance. The prints exist, the date of their produ 
is well ascertained, the progress of il Aaa definitely marked 
the by ibe: have been who they might. 

In the early part of the 16th century several artists of cele 
either designers on wood or engravers: Louis Cranach, Gre 
Hans Burgmair, Hans Schaufilein, Urse Graffe of Berne, and, 
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are on the works ; but their 
Claims to the engraving have been denied by Bartsch and by Passavant, 
by the writer in the ‘ Treatise on Wood-Engraving. To Da 
Carpi has been attributed the invention of imitating drawings in chiaro- 
scuto, effected by using three or more blocks ; but it has been shown that 
this had been done earlier by Dienecker, if not by Cranach, though Da 
Jarpi most certainly improved on it, and some of his designs are said 
ie ere vero drawn on the blocks by Raffaelle himself, and many of 
are from his designs. Books were also at this period most pro- 
fusely illustrated ; but, with the exception of those from the artists 
named, and a very few others of some (though inferior) merit, 
the are very rude both in design and execution. The art 
was chiefly practised in Germany, being greatly patronised by the 
E for whom Burgmair designed the great work 
alled ‘The Triumphs of Maximilian.’ i was the only distin- 
ished name out of that empire at this period, and the Italian wood- 
engravings are, on the whole, even inferior to those produced in the 
Low Countries” A selection of the early German and Italian prints in 
chiaroscuro may be seen in the King’s Library at the British Museum. 
From about 1545 to 1580 wood-engraving continued to be much 


place, although the productions of Jost Amman may be 
deemed an ion, as they are designed with considerable spirit, 
and executed with great care and neatness, His works are very nume- 
rons: one of them, his illustrations to Schopper’s ‘ De omnibus Ilibe- 
ralibus sive Mechanicis Artibus,’ contains 115 prints of the princi; al 
arts and trades then practised. From the end of the 16th century, 


separate profi 
designs by Rubens, engraved by Ji 
little Ste recorded gets im 


er. From this period there is 

nee, till the appearance of 
Bewick, though a regular succession of engravers on wood was kept up 
both in England and on the Continent. The fg names in Eng- 
lawl wore E. Kirksll, who published prints after old Italian masters, 
in which the outlines were taken from copper-plates and the tints from 
wood blocks; and John Baptist Jackson, who resided for some time at 
Venice, and there executed a series of wood-cuts, intended as fac- 
similes of drawings by Titian and other of the great Italian masters, 
somewhat in the manner of those of Kirkall. 

Bewick, to whom the revival of wood-engraving is chiefly owing, 
was born in 1753, at Cherryburn, near Newcastle-upon-Tyne. He was 
apprenticed in 1767 to Mr. Ralph Beilby, of Newcastle, a general 
engraver, who undertook anything from book-plates to clock+faces, and 
Bewick’s first efforts in wood were made in engraving diagrams for 
Dr. Charles Hutton’s Treatise on Mensuration ; but though it is known 
that he endeavoured to improve himself in this line, it was in private, 
for his master had little or no employment of the kind for him. He 
devoted himself, however, to the art after the ter tion of his 


plates are misapplied, and the endeavours have been failures. The 
extreme neatness, length and sweep of line, and bold outline of the 
copper cannot be reached in wood-engravings; while in depth of 
pt effect they equal even mezzotint, with more distinctness 
of detail 
Tt is not necessary to detail the history of wood-engraving beyond 
this period, as many of Bewick’s immediate successors are yet living 
Within the last few years, also, the wood-engravers of France, and also 
of Germany, have made such ctr in improvement as to become no 
contemptible rivals of their English brethren. Nor is it any part of 
our plan to give practical instructions for engraving, which can only be 
effectively learned by instruction and practice. x description of the 
i as practised in his time, is given by Papillon, in his ‘ Traité 
istorique et pratique de la Gravure en Bois,’ 1766; and a far more 
detailed account, with all the modern improvements, by Mr. Jackson, 
in the ‘ Treatise on Wood-Engraving,’ already mentioned. We will 
only observe that one of the greatest practical improvements, that of 
lowering the surface of the blocks in parts, so as to graduate the 
shadows into the lights, was, though not invented, yet brought into 
use by Bewick, nearly all his blocks being so prepared for working ; 
and that box is the wood now universally used for engraving upon. 
(Ottley, Inquiry into the History of Engraving on Copper and Wood ; 
Singer, Researches into the History of Playing-Cards ; W. A. Chatto 
and John Jackson, Treatise on the History of Wood-En, raving, historical 
and practical. With upwards of three f Bi Fiske Illustrations, engraved 
on Wood; W. A. Chatto, Origin of Playing-Cards ; Heineken, Idée 
Générale d’une Collection complette d Estampes ; Eméric, David. Hist. de 
la Gravure en taille douce et dela Gravure en Bris ; Jean Duchesne, 
Jeux de Cartes turots et de Cartes numérales du XIV* au XVIII* siécle 
Yi roi by the Société des Bibliophiles Frangais) ; Heller, Geschichte 
Holzschneidekunst.) 
WOOD NAPHTHA. [Meruyn. Hydrated Oxide of Methyl.) 
WOOD-SPIRIT. [Meruyrt. Hydrated Oxide of Methyl.) 
WOODS, There are in England many old natural woods remaining, 
besides the royal forests, although the great demand for timber during 
the last war has tly thinned them of their finest trees. When 
woods were andes and covered a great portion of the land little 
attention was paid to the increase or preservation of the trees; kings 
and lords of manors readily granted to their tenants rights of com- 
monage, with the privilege of lopping the branches, always supposing 
them to be useless dead wood. The consequence of this is still to be 
seen in all old forests, especially the royal forests, which never were 
enclosed or protected. Many fine old trees, whose age can scarcely be 
guessed at, which are very picturesque objects and a fit study for the 
landscape-painter, have evidently been lopped, at some time or 
other, for the sake of the wood for fuel, and for want of care have 
probably never been in such a state as would afford fine timber for 
ship-building. Windsor Forest, which has only been inclosed since 
1813, affords many specimens of noble trunks now hollowed out by 
time and the admission of water from above, which might probably 
still be sound and solid, had they been duly protected, and only those 
br carefully cut out which were dead and showed decay. The 


apprenticeship, and in 1775 he received a premium from the Society 
for the Encouragement of Arts and Man’ , for the cut of the 


Huntsman and the Old Hound, which appeared subsequently in an 
edition of Gay's f Fables, published at Newcastle, in 1779, by 5. Saint. 
After a short visit to London, he entered into partnership with his old 
master in 1777, his brother John becoming their apprentice. He con- 
tinued the practice of his art, furnishing the cuts to the edition of 
Gay's ‘ Fables’ just mentioned, and to an edition of ‘ Select Fables’ 
in 1784. In 1785 he commenced engraving the cuts for his ‘ General 
History of Quadrupeds,’ for which the descriptions were written by 
Mr. Beilby, and which was published in 1790. The excellence of the 
work insured its success, and editions rapidly succeeded each other, 
The merit of the work, however, did not consist merely in the execu- 
tion of the cuts. Bewick drew all the designs himself; the drawing 
was in general remarkably correct, and the backgrounds and little 
vignettes full of the most natural expression, simplicity, feeling. and 
beauty. The success of the ‘ Histury of Quadrupeds’ led immediately 
to the commencement of a ‘ History of British Birds, of which the first 
volume appeared in 1797, and the second in 1804. Bewick had now 
taken pupils, and in this work was materially assisted by them. 

From this epoch the art has continued to flourish. The pupils of 
Bewick were numerous, and possessed of great talent ; the celebrity of 
their master procured them immediate employment. Illustrated 
works became fashionable, at first at very high prices, but by degrees 
at lower rates, and particularly by the example of the ‘ Penny ine,’ 
wherein it was ed that a low price was not inconsistent with a high 
degree of ence in the art of wood-engraving; and as it was thus 
brought within the reach of the very povrest, the public were fami- 
liarised with the best specimens, and a large sale was ensured. 

For the purpose of illustrating books, wood-engraving is peculiarly 
adapted. ing worked in the same manner as type, impressions are 

uced with great rapidity. Any number of cuts may be printed at 
once on a sheet of paper that will come into the press or machine, and 
an almost infinite number of impressions may be taken off without 
material injury to them. This seems the proper purpose of the art. 
The attempts which have been made to imitate the effects of copper- 


dates of the inclosures of different parts of Windsor Great Park can be 
readily discovered by observing the form of the oldest trees, 

In many extensive woods on private estates the want of care may be 
readily seen at the first inspection. Oak-woods are chiefly found in 
stiff clay soils, where the water is apt to accumulate. by which the 
roots are injured. and the trees decay before they have attained their 
full growth The water should be carefully let off by open drains and 
ditches, which should be Pa ped Bee, and cleared out every 
year before winter. The surface being thus kept dry, the timber, as 
well as the underwood, will grow much more rapidly, and the increased 
value of the wood will amply repay the outlay. Cattle should be 
carefully excluded from all woods; they destroy the young shoots by 
cropping them, and do much damage to the underwood. At the time 
when acorns and beech-mast are plentiful, pigs may be turned in 
without danger ; they will turn up the ground in search of their food, 
and thus bury beech-mast and acorns, which may vegetate, and grow 
in time into fine trees; for it is well known that an oak raised from an 
acorn is always hardier and better rooted than one which is raised in a 
nursery and transplanted in the woods; and the same may be said of 
beech raised from the seed. 

The sweet chesnut is one of the most useful trees in a wood, pro- 
vided it has room to grow. Its timber, when of a certain age, is as 
durable as oak, and the shoots which spring up from the old trunks 
cut down give the most useful and profitable coppice-wood. When it 
is recollected that a coppice set be cut advantageously every tenth 
year, if a calculation be made of the value of growing timber after 
many years, it will be found that the underwood, properly managed, 

ys fully as well as the timber. It is usual to cut down such trees as 

in to show decay at top, when the coppice is cut; but it is better 
to anticipate this decay, and cut them when they have ceased to 
increase from year to year as much as the interest of the money the 
would sell for amounts to. For example: Suppose that an oak stand- 
ing measures fifty cubic feet, and with top, lop, and bark, may be 
worth 10/. If it does not increase above two cubic feet ina year, it 
will not be profitable to let it stand: but if, by cutting down others 
which interfere with the spread of its branches, its growth can be 
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promoted, it may probably increase so much as to pay a good interest 
Si scise; it witch aan bool be a loss to cut it. There is a 


period when the increase of the wood in a tree is a maximum, and this 
depends on soil and situation. The head and branches contribute 
much to the growth of the trunk; and unless they have room to 
spread, the merge pained from the ‘pers of the leaves must be 
checked. On this depends ice 0 ually thinning out young 
woods as the branches spread, the object being to let in as much air as 
is necessary, without leaving too great a space between the head of one 
tree and its neighbours, As soon as the branches begi ede gee 
out 

the manage- 


towards those of another tree, room must be made, 

those trees which appear inferior in shape or in health. 

ment of young plantations [PLantinG], it is a question whether it is 
more profitable to cut down trees at the age of thirty or forty years 
and re them with plants, or to let them arrive at their full 
size, which, for oaks, will e 150 or 200 The calculation is 
made on the annual increase of the wood, which is said to be greatest 
when the tree is about thirty years old. It has been often supposed 
that the slower a tree grows the stronger the wood will be; but this 
appears to be a mistake. Some wood taken from a very rapidly- 
growing oak, and some from one which, having been headed down 
as a pollard, had grown slowly, were tried by the action of a very 
powerful hydraulic press, and the wood of the quicker-growing tree 
was found to resist the pressure much longer before it was broken or 
crushed, 

Although it is generally on soils unfit for cultivation that plantations 
of wood are made, yet there are proofs that, on a deep rich soil worth 
21. an acre as arable land, a plantation of oaks, well managed for fifty 
or sixty years, will pay a better rent than if it had been cultivated 
asa farm. On such land it is usual to plant oaks in the hedge-rows, 
where the trees, having room both for their branches and their roots, 
thrive well at the expense of the farmer. Most old farms consist of 
small inclosures surrounded with trees, chiefly oak, ash, and elm, 
according to the soil; and the landlord, having the benefit of their 
growth, only cuts them when fit for sale. The tenant is scarcely 
aware of the annual loss he suffers from the shade of the trees, as well 
as the exhaustion of his manure by the roots. If the inclosures are of 
the extent of twenty acres or more, a few trees here and there in the 
banks will not do much harm; but it would be far more advantageous 
to all parties if the woods and plantations were entirely separated from 
the arable land. A few single trees here and there in old ures are 
both ommamental and useful as shelter for the cattle; but they should 
be extirpated in all arable fields. Clumps and woods may be made 
pictures in the scenery, whereas a country consisting of small inclosures 
surrounded with trees only looks like an immense wood when seen 
from a small eminence. 

Trees of full size are sometimes transplanted to form shelter and 
ornament to parks and pleasure grounds. Sir Joseph Banks made 
some experiments in his grounds near Brentford, by cutting off the 
heads of old elm trees and transplanting the trunks by way of keeping 
up a proportion between the head and the roots, in the expectation of 
their growing out, but it failed entirely. Sir James Stuart Monteith, in 
Scotland, succeeded better by retaining the head, and saving, as much 
as possible, all the fibres of the roots. The removal of large trees is a 
troublesome and expensive process, but is often desirable for the pro- 
duction of immediate effect, as in laying-out parks and pleasure-grounds, 
or in landscape gardening generally. The method now usually adopted 
is briefly described under PLanting, col. 553. 

Wood is too valuable in Britain to be used for fuel, except in very 
distant and woody districts. Coals have everywhere superseded it; 
but wherever woods are cut down, and especially where the roots are 
grabbed up, they give an excellent and economical fuel for the poor, 
or to use in the lime and brick kilns. Where old hedge-rows are 
cleared in the progress of agriculture, it is a common practice to 
give the stumps and roots found in old banks to the poor, for the 
trouble of grubbing them up and levelling the ground. This work 
is generally done in winter; and the wood is stacked into cords six 
feet long, three feet wide, and three feet high. 

In France and other countries where they use chiefly wood for 
fuel, the trees which are preferred are beech-trees, which are allowed 
to grow very close in the woods, so as to draw each other up and 
form long thin stems. They are cut down when about thirty or forty 
years old, and then do not average a foot in diameter; they are sawn 
in lengths of a yard, and thus sold, the purchaser generally having 
them sawn into shorter lengths and split for use. In Paris the 
trade in wood is very extensive, and employs many hands, 

WOODS AND FORESTS. A considerable portion of the royal 
revenue consisted formerly of the rents and profits of the crown 
lands, which comprised numerous lordships and honours, together 
with forests and chaces: from the forests the principal source of 
profit lay in the fines or ainerciaments levied for offences against the 
Forest Laws. [Forests] The demesne lands which were retained 
by the king, or which came to the crown by forfeiture or otherwise, 
and were farmed out to subjects, were originally very extensive ; but 
owing to the generosity or the necessities of different kings, so large 
a part of them was granted away, that the legislature was fre- 
quently compelled to interpose its authority in order to prevent the 
total alienation of the crown property. William III, had used the 
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power of alienation so profusely, that upon the accession 
cessor, it was enacted (1 Anne, st. 1, c. 7) that no 

be made of any crown lands for a longer term 
years or three lives, but permitting 


years. 
By the 26 Geo. IIL., c. 87, amended by 
were appointed to inquire into 
woods, forests, and land revenues ing to 
46 Geo. IIL, c. 142 (altered eo. IIL, 
surveyo! of his Majesty’s works and 
created ; 
of “the Commissioners of 
Revenues, Works and Buildi 
called “ the Commissioners o 
board owed its to the ‘ 
extended by 2 IV., c. 1; 2 & 8 Will. IV. 
Will. IV., c. 69). The commissioners, who 
in number, are appointed by letters aoe Will. 
They are to make a declaration (5 & 6 Will. IV., c. 62, 
the oath uired formerly, 2 Will. IV., c. 1, 8. 


Will. IV., c. 69) are under their m ent; but the 
therein still remains in the crown. (1 ‘ Reape 7 Stew 
required, however, to observe all the orders directions 


Lords of the Treasury touching the exercise of their powers (2 Will. 


IV.,¢. 1, 8 8). . 
The commissioners have the power of appointing and removing 
various officers, such as octal: teste &c., whose salaries how- __ 
ever are fixed by the Treasury (10 Geo. IV., c. 50,8. 12). They may 
also appoint stewards of the royal hundreds and manors to hold Ss, 
and different manerial and forestal officers to preserve game, fish, &e.; _ 
and they may grant licences to hunt, fish, &c. (Id., 8, 14). ey Som 
They are empowered to grant leases of any part of the crown posses- — 
sions for thirty-one years (10 Geo. IV., c. 50, s. 22); or, in case of 
houses, buildings, &c., or building-land, for ninety-nine years (Id., — 
8. 23); but this power of leasing not extend to the forests 
in England (Id., s. 25), except for the purpose of making rai er 
s. 97). The leases are required to Se eee te wa 
and the lessees are not to be made dispunishable for waste, except in 
leases of mines, and at the option of commi in leases for 
ninety-nine years (Id., s. 27), The leases are to be granted at a rack~ 
rent, and no fine is to be reserved (Id., s. 28), except in building leases, 


in which a nominal rent may be reserved for the first three (id. 

é: 30), and a fine may be taken not exceeding one-third of the rent 

(Id., & 31). , ape 
They may also sell any part of the crown possessions, ex sare 

forests (Id., s, 34), according to a mode pointed out (s. 35) ; they ; 


may also sell rents, or manerial or forestal rights, to corporations, or ; 
ae of incapacitated persons, who have estates subject thereto 
(ss. 39, 40). ; n> 

They may exchange or purchase lands, &c. (Id., ss, 42, 52, 98). ae 

They are declared to be exempt from all personal responsi asto 
any covenants or contracts they may enter into in 
racter (Id.,s. 17). - 

All deeds relating to lands, &c., leased, &e., by the authority of the — 
commissioners are required to be enrolled in the office of Land evens: 
Records and Inrolments (10 Geo. IV., c. 50, s. 63; 2 Will. IV., ¢. 1, 
ss. 16,18, 21), and to be certified by the commissioners to parli Y 
(10 Geo. IV., ¢. 50, 8. 125); and all conveyances and sales ae 
such lands are to be free from stamp and auction duty (10 Geo. IV, 
¢. 50, 88. 67, 68). wth Se 

The commissioners are also empowered to give certain notices and — 
claims, and to authorise entries on land for breach of covenant, &. 
mich ted c, 50,8, 92), and to compound, in certain cases, for rent 
(Id., 8. 93). 

Their accounts are to be audited by the commissioners for 
public accounts, under the 25 Geo. IIL, c. 52 (10 Geo. IV., ¢. 
8. 19), $ , 

The receivers appointed by the Comutisioners of Woods and Forts! 
must be land-surveyors (Id., s. 80). hin | are required to account at. 
stated periods to the commissioners (Id., 8:81), and to transmit all 
sums received monthly (s, 84) ; and they are empowered to distrain for — 
rent (8. 90). ' ed 

Notwithstanding the management of the crown lands is thus vested 
in the commissioners, pnd the general power of alienation has been 
taken from the sovereign, a power is reserved to the crown to grant sites 
for churches, chapels, and burial grouhds, not exceeding five acres in 
extent, or 10001. in value (10 Geo. IV., c. 50, 8, 45); and by 1 & 2— 
Will. IV., c. 59, 8. 1, churchwardens and overseers are empowered, with 
the consent of the Lords of the Treasury, to inclose a not 
exceeding fifty acres of any forest or waste lands belonging to the 


S 


crown, lying in or near their parish, for the purpose of ¢ 
the same for the use of the poor, 
Besides this general control over the crown lands, certain 


given to the commissioners which are referable to the execution of the. 
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existing 
are vested in the first commissioner (10 Geo. IV., c. 50,8. 95); and 
the commissioners are also empowered to make compensation to parties 
for old encroachments made upon the royal forests where they have 


been in ee possession for ten years (Id., s. 96). 
The verderers of the royal forests are also uired to make inquiry 


as to all unlawful 4 ents, &c., in their courts of 
and may impose fines upon the offenders (Id., s. 100), who 
may however against by the i course of law 


iy be 

(s. 103). The anil yosergeoet appoint regarders, under-foresters and 
the forests and courts (s. 101), and may inquire into 

their conduct, and fine them for neglect of duty (s. 102). Other 

penalties may be recovered before a justice of the peace (s. 104); and 

all such fines and penalties are to be applied to the expenses relating 

to the dpreats eit : 

As to revenue arising from the letting, &c., of the crown 
lands, the commissioners are directed to in the moneys received by 
them, to a proper account with the Bank of id and Ireland re- 

ively (10 Geo. IV., c. 50, ss. 117, 118) and the chartered banks of 

0 (3 & 4 Will. IV., c. 69, 8.17); and the annual income (after 
certain deductions) is to be carried to the consolidated fund (10 Geo. 
1V., c. 50, s. 113; 3 & 4 Will. IV., c. 69, s. 16). The transfer of the 
revenue arising from the crown lands to the consolidated fund is how- 
ever the subject of a special arrangement between the crown and the 
subjects, terminating with the life of the sovereign in whose reign it 


3. Forests, chaces, and wastes. 

4. Lands, tenements, and hereditaments, held of the crown by lease. 
5. Fee-farm rents, issuing out of lands, tenements, and heredita- 

— held of no! crown in dew aa 
6 second comprises the following royal palaces and houses :— 
Buckingham Palace; St. James’s Palace; Windsor Castle; the palaces 
of Hampton Court, Kensington, and Whitehall ; the King’s House at 
Winchester; the Palace of Greenwich (converted into a a for 
{ i : alace of 


been 
pulled down and their sites used for other purposes :—Carlton House ; 
the Mews; Newmarket Palace. The following parks are also included 
in this class :—St. James's, Hyde, Bagshot, Bushey, Greenwich, Hamp- 
ton Court, Kew Gardens, Richmond, and Windsor. This class is now 
under the supervision of the Board of Works mentioned below. 

In the third class are included not only the royal forests which {have 
preserved their jura ia, but several nominal forests and chaces, 
warrens, wastes, &c. following is a list of the real forests :—In 
Berks, Surrey, and Wilts, Windsor Forest ; in Essex, Epping Forest ; 
in Gloucestershire, the Forest of Dean; in Hampshire, Bere Forest, 
New Forest, and the Forest of Woolmer and Alice Holt. 

In 1851 the offices were finally separated, and to the Board of Public 
Works and Buildings, and to the officers of this board, was consigned 
the important task of providing for the people public walks and access 
to the national buildings and collections. The duty of the state in this 
respect has only been recognised of late years, and perhaps we owe it 
to our intercourse with the continent, and especially with France, that 
it has been at all acknowledged. Fifty years ago yde Park and Ken- 
sington Gardens were the only public 5 of recreation open to the 
crowded and hard-worked population of London; since then, beside 
the improvements in those two places, and the formation of new streets 
and squares in those parts of the metropolis of which the land either 
belongs to the crown or has been purchased by parliament for public 


improvements, there have been opened the large parks and gardens of J 


St. James's Park, the t's Park, and Primrose Hill, at the west 
and north; the Victoria Park at the north-east ; and Kennington Park 
and Battersea Park at the south-west of London. The palace and 
grounds of Hampton Court have been repaired and adorned, and the 
collection of pictures has been arranged and enlarged ; and Kew Gar- 
dens have been , filled with the rarest and choicest plants and 
flowers, and improved by the addition of magnificent conservatories 
_ and a new museum, and both nm Court and Kew Gardens have 
been thrown open [ie gf to the public. In Kensington Gardens 
an Italian garden been laid out with fountains, statuary, and 
carving ; which though not of very remarkable excéllence or originality, 
are at least superior to anything of the kind hitherto given to the 


ublic. 
.) WOODY FIBRE. [Lienty.] 
WOOL. ‘The present article will be devoted to the Surer with re- 


ference to ita wool-prod properties, and as the subject of the art of 
the grazier. The socal Letory of sheep is given under Ove, in 


Nar. Hist. Dry. The treatment of the fleece when removed from the 
animal is spoken of under Woon and THE Woot TRADE: see also 
WooLLen FACTURE. ‘ 

_The sheep belongs to the class mammalia ; to the order ruminantia, 
with four stomachs, and the organs of digestion disposed for chewing. 
the cud; to the tribe capride, with horns persistent, and placed on 
an osseous nucleus; and to the genus ovis, with or without horns, 
but these when present uniformly taking, to a greater or less degree, - 
a lateral and spiral direction. The forehead of the sheep is arched, 
and protruded before the base of the horns; there are no 
ducts, the nostrils are lengthened and oblique, and terminate without 
a muzzle; there is no beard properly so called, the ears are small, and 
the legs slender. The hair is of two kinds, one hard and close, 
and the other woolly—the wool preponderating in proportion as the 
animal is domesticated. The sheep is principally distinguished from 
the goat by his convex forehead, by his spiral horns not projecting 
posteriorly, and more especially, and that in proportion to the care 
which is bestowed upon him, by the preponderance of wool over the 
hair, with which, in despite of every effort, the Cashmere goat is 
covered. 

Different names are given to the sheep, according to its sex and age. 
The male is called a ram or tup. After weaning he is said to be a hog, 
a hogget, or hoggerel, a lamb-hog, or tup-hog, or teg ; and if castrated, a 
wether hog. shearing, and when he is probably a year or a year 
and a half old, he is called a shear hog, or shearling, or dinmont, or tup 5 
and when castrated, a shearling wether. After the second shearing, he 
is a two shear ram, or tup, or wether. At the expiration of another 
year, he is a three shear ram, &c. 

The female is a ewe or gimmer lamb until weaned, and then a gimmer 
or ewe hog or teg. After being shorn, she is a shearling ewe or gimmer, 
or theave or double-toothed ewe; and after that, a two or tree or four 
shear ewe or theave. The age of the sheep is reckoned, not from the 
period of their being dropped, but from the first shearing. 

The teeth give certain indications as to the age. The sheep has no 
incisor teeth in the upper jaw; but there is a dense elastic cushion or 
pad, and the herbage, firmly held between the front teeth in the lower 
jaw and this cushion, is partly bitten and partly torn asunder. The 
sheep has the whole of the incisor teeth by the time that he is a month 
old, and he retains them until the fourteenth or sixteenth month. 
They then begin to diminish in size, and are displaced. The two 
central ones are first shed, and the permanent ones supply their place, 
and attain their full growth when the animal is two years old. Between 
two and three, the next pair are changed; the third at three years 
old; and at four, the mouth is complete. After this there is no ~ 
certain rule, until, two years more having passed, the teeth one by one 
become loosened and are lost. At six or seven years of age the mouths 
of the ewes should be occasionally examined, and the loose teeth re- 
moved. By good pasture and good nursing in the winter, they may 
produce lambs until they have reached the ninth or tenth year, when 
they begin rapidly to decline. Some favourites have lingered on to the 
fifteenth or sixteenth year; but the usual and the most profitable 
method is to fatten and dis of the ewes when they are five or six 
years old, and to supply their places by some of the best shearling ewes. 

The rings at the base of the horns afford very imperfect indications 
of the age of the sheep. Eyen when untouched, they are little to be 
depended upon. 

he history of the British sheep will be most naturally divided 
according to the quantity and quality of the wool of the different 
breeds, and the quality of the flesh. The covering of the original 
sheep consisted of a mixture of hair and wool; the wool being short 
and fine and forming an inner coat, and the hair of greater length, 
projecting through the wool, and constituting an external covering. 
When the sheep are neglected or exposed to a considerable degree of 
cold, this degeneracy is easily traced. On the Devonshire moors, the 
mountains of Wales, and the highlands of Scotland, the wool is deterio- 
rated by a considerable admixture of hair. Even among the South- 
downs, the Leicesters, and the Ryelands, too many kemps occasionally 
lessen the value of the fleece. It is only by diligent cultivation that 
the quantity of hair has been generally diminished, and that of wool 
increased in our best breeds. 

The filaments of wool taken from a healthy sheep present a beauti- 
fully polished and even glittering appearance. That of the neglected 
or half-starved animal exhibits a paler hue. This is one valuable in- 
dication by which the wool-stapler is enabled to form an accurate 
opinion of the value of the fleece. The mixture of hair in the wool 
can often be detected by close examination with the naked eye, but 
most readily by the assistance of a microscope. 

Among the qualities which influence the value of the wool, fineness, 
and the uniformity of that fineness in the single fibre and in the 
collected fleece have hitherto held a first place. This fineness, however, 
differs materially in different parts of the fleece. It prevails on the 
neck, the shoulders, the ribs, and the back. It is less on the legs, 
thighs, and haunch, and still coarser on the neck, the breast, the belly, 
and the lower part of the legs. The fineness of the wool is con- 
siderably influenced by the temperature. Sheep in a hot climate yield 
a comparatively coarse wool; in a cold climate, they carry a closer but 
a warmer fleece. 

The fineness of the fleece is also much influenced by the kind of 
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food. An abundance of nutriment will increase both the length and 
the bulk of the wool. This is an important consideration with the 
sheep-breeder, Let the cold of winter come—let it continue for a 
considerable period, yet if the sheep be well kept, although the fleece 
may lose a little weight, this will be more than compensated by its 
fineness and increase of value. If the sheep, however, be half-starved 
while he is exposed to unusual cold, the fibre of the wool, although 
— somewhat finer, will be deficient in weight and strength and 
usefulness, 

What is called trueness of staple, or the fibres being of an equal size, 
is of much importance in the manufacture of wool, for whenever the 
wool assumes an irregular and or breachy a there is 
a weakness in the fibre and will be an irregularity in the manufacture, 
especially if the fleece is submitted to the operation of the comb. 
Connected with this, and a most important quality, is the elasticity of 
the woolly fibre—the disposition to yield, or submit to some elongation 
of substance, some alteration of form, when it is distended or pressed 
upon, and the energy by means of which the original form is resumed 
as soon as the external force is removed. 

Referrible to this elasticity or yielding character of the wool is its 
pliabslity and softmess, and without which no manufacture of it can 
carried to any degree of perfection. The last quality which it is neces- 
sary to mention is its felt-ng property, that quality by which it may be 
beaten or pressed together and worked into a soft and pliable substance 
of almost any size and form. It would seem that the process of felting 
is of far older date than that of weaving. and it is still continued not 
only by the nomadic tribes of south-eastern Europe and of Asia, but it 
is made occasionally to vie with the finest productions of the loom. 

Microscopic observations have unravelled the whole mystery of 
felting, and of the employment of wool in almost every form. The 
fibre, examined under a powerful microscope. appears like a conti 
vegetable growth, from which there are sprouting, and all tending one 
way, from the rout to the other extremity, numerous leaves, or serra- 
tures, assuming the appearance of calices or cups. and each terminating 
ina sharp point. It is easy to conceive how readily one of these fibres 
will move in a direction from the root to the point, while its retraction 
must be exceedingly difficult, if notimpossible. It was a fibre of Merino 
wool that was first submitted to microscopic observation, and the 
number of these serrations or projections counted. There were 2400 
in the space of an inch. A fibre of Saxon wool finer than that of the 
Merino, and of acknowledged superior felting quality, was substituted. 
There were 2720 serrations. A fibre of Southdown wool, in its felting 
power well known to be inferior to that of the Saxony and the Merino, 
. was placed in the field of vision. There were only 2080 serrations in 
the space of an inch, or 640 less than the Saxony exhibited. The 
Leicester wool is acknowledged to possess a less felting property than 
the Southdown. There were only 1860 in the space of an inch. 
Latterly the length of staple and the lustrous character of the wool 
have become qualities of high order, so that the long-wools of Lincoln- 
shire are now of greater value than the short-wools of Sussex. 

We now proceed to take a rapid survey of the different breeds of 
sheep, commencing with the Southdowns ; for by them or their con- 
geners the first woollen penescnay had Winchester was Kreg As 
latterly improved by the Ellmans, Lugars, Rigdens, and Webbs, it has 
exerted an extraordinary influence for gcod on all short-woolled breeds 
of sheep in the country. The flock of Jonas Webb in particular has 
furnished rams to all the best breeders of short-woolled sheep ; and the 
high estimation in which his breed is held was proved at its recent sale, 
when 960 sheep of all ages sold for nearly 11.0002 

The Southdown sheep have succeeded admirably in all the southern 
districts of the kingdom; but the northern hills have occasionally 
been too cold for them. Crosses between the Southdown and almost 
every breed of middle-wool sheep have answered well; while in 
counties where it could have been least expected, the old breed is in a 
great measure superseded by the Southdowns. 

We pass from Sussex, Hampshire, Berkshire, Wiltshire, where a 
black-faced short-woolled sheep, much improved by the Southdowns, 

revyails, into Dorsetshire, and we find a very different and valuable 
Breed of sheep. They are white; the face long and broad, with a tuft 
of wool on the forehead ; the shoulders low but broad; the chest deep ; 
the loins broad; and the bone small; a hardy and useful sheep. 
Their chief peculiarity is the forwardness of the ewes, which supply 
the market with lamb when it produces the highest price. 

A very profitable variety is found in a cross between the South- 
down and the Dorset sheep. The carcase is increased, and the wool is 
rendered more valuable. 

Returning through Somersetshire, we again meet with the South- 
downs, either pure or materially improving the native breeds. In 
Gloucestershire, the short-woolled sheep have given way to the 
Cotawolds, 

In Herefordshire we still meet with a few flocks of that breed of 
sheep, which was in former times the pride of the agriculturist—the 
Ryelands. They are small, polled, with white faces, the wool growing 
close to and almost covering the eyes, the carcase round and compact, 
the animal quickly fattening, and the superabundant fat accumulating 
within. They are hardy, and peculiarly free from disease, and par- 
ticularly distinguished by the fineness of their wool. 

Shropshire contains now a valuable characteristic breed of short- 


ears . before they began 
Loicesters :--“ The head i 


length j ears not too short, and countenance of not too dark a colour ; 
neck full, round, and not too long, well covered with wool, but without 
any coarse wool beneath ; shoulders dee ‘ 
chest full and open ; chine long, but not too much 60 ; road 
and wide across the fillets; horns round and full; the body in gener 
round and full, and not too d or flat either in th al 
the fleece fine, close, short, and thick-set, of a medium length of pile, 
without hairs at the bottom, and not curled on the shoulders, and 
with very little coarse wool on the hips, tail, or sags A gi 
There are many flocks of pure Cheviots, but in majority of the 
flocks there is a cross of Leicester blood. ss 
The other breed of short-woolled s 
Cheviots in number and value, is the bluck-faced Scots. 
from Lancashire to the very north of Scotland. The males 
horned, the horns of a spiral form, but the females are 
without horns. The faces and legs are always black or mottled: the 
are covered with wool about the forehead and lower jaw: the fleece 
ly compact ; 


long and somewhat coarse. The carcase is peculiar] 
much so, that on account of the shortness, roundness, 
handsomeness of the carcase, it is called the short sheep, in op) 
to the Cheviots or long sheep. Great numbers of these sheep are 
to the London market. The weight of the carcase does not 
materially from that of the Cheviot, and the fleece weighs about # 
pounds it is washed. These sheep have been Spo by selec-. 
— but have derived little advantage from any of crosses th 
ave been tried. ‘le 

We now arrive at the Long-woolled Sheep, The following description 
of the New Lewester by Mr. Culley will, to a very considerable degree 
serve for all the varieties of the long-woolled sheep. The head ( 
be hornless, long, small, tapering towards the muzzle, and projecting 
horizontally forwards. The eyes prominent, but with a Be expres- 
sion, The ears thin, rather long, and directed backwards; the neck 
full and broad at its base, but gradually tapering towards the head, 
particularly fine at the junction of the head and neck, The nee 
seeming to project straight from the chest, so that there is, with 
slightest possible deviation, one continued horizontal line from thi 
rump to the poll. The breast broad and full; the shoulders also 
broad and round, and no uneyen or angular formation where the 
shoulders join either the neck or the back, particularly no rising of 
the withers, or hollow behind the situation of those bones. “The 
fleshy through its whole extent, and even down to the knee, The 
bones of the legs small. standing wide apart, no looseness of the sh 
about them, and comparatively bare of wool. The chest and barrel 
are at once deep and round in the ribs, forming a considerable arch 
from the spine, so as in some cases, and especially when the animal 
is in good condition, to make the apparent width of the chest even 
greater than the depth. The ribbed well home. No ir 
gularities of line on the back or the belly; but on the sides the carcase 
very gradually diminishing in width towards the rump. The qu 
long and full, and as wide as the fore-legs. The muscles n 
down to the back, the thighs also wide and full, The legs of a 
moderate length ; the pelt also moderately thin, but soft and ela: 
and covered with a good quantity of white wool, not so long as in 
some breeds, but considerably finer. : 

Such is the Leicester sheep as Bakewell made him. He found him 
as different an animal as it was possible to conceive—flat-sided, e- 
boned, coarse-woolled, slow to fatten, and his flesh of little value, 
Were there room for its insertion, a detailed history of the different 
steps of the changes would be most interesting to the reader. The 
means were simple, and the effect was almost magical. The principle 
was, that “ like produces like;” and therefore he selected a few sheng 
with aptitude to fatten, with a disposition to produce an unui 
quantity of valuable meat, with little bone and offal, and with quiet- 
ness of temper; and from these he exclusively bred, He not 
about near or distant affinities, but his object was to increase every 
good point, and gradually to get rid of every bad one. They were not 

ifferent sorts of sheep that A selected, but the best of the breed to 
which he had been accustomed. 

His sheep were smaller than those of his neighbours, but they — 
retained every good point, and had got rid only of the bad ones. The 
alteration was rapid as well as great in his own flock, and the 
which he introduced of Jetting some of his rams quickly extended the 
benefit of his system far and wide. The first ram which he let was in 
the year 1760, at 17s. 6d. for the season. In 1789 he let one ram for 
1000 guineas, and he cleared more than 6000 guineas in the same year 
by the letting of others. After that, so great was the mania, or desire 
for improvement, that Mr. Lawrence calculates that 100,000/. were” 
annually spent by the midland farmers in the hiring of rams. : 

The chief value of the new Leicester breed consists in the improye- 
ment which it has effected in almost every yariety of sheep with which 
it has been crossed, in which its influence has corresponded among 
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long-woolled sheep with that which the Southdowns has exerted on | yet the ewe should be immediately removed to another inclosure, and 


breeds allied to it in the character of their wool. : 
The of the other breeds of long-woolled sheep was the Lin- 
colns, “hornless, with long, thin, and weak carcases, large bones, 
weighing from 20 to 301bs. a quarter ; the wool De sag from 8 to 
14lbs. the fleece; the sleep a slow feeder, and the flesh coarse- 
ined.” This is the account of them given by a good, but a pre- 
judiced observer—Mr. Culley, In fact, while Bakewell and his ad- 
mirers were almost neglecting the fleece, the Lincolnshire farmer was 


quite as inattentive with regard to the carcase. Both ies were 
wrong. The old Lincolnshire sheep yielded a wool which in quantity 


min quality was unrivalled, while the Leicesters could boast of a 
disposition to fatten which the other could never equal. At length 
the attempt was honestly made to amalgamate the valuable qualities 
of the two breeds, In consequence of the cross, the wether attained 


r urposes. 
whole, a great improvement has been effected both in the carcase and 


Among the long-woolled sheep that have been improved by the 
admixture of the old and new long-woolled breeds and the altered 
a of husbandry, the inhabitants of Romney Marsh must not be 


Cotswold sheep, of Gloucester, were a long-woolled breed, yield- 
ing in the 15th century a description of wool much valued on account 
the fabrics in the construction of which it was employed. Even 
they, like the rest, have amalgamated themselves with, and been ina 
manner lost among, the Leicesters. They were taller than the present 
flat-sided, deficient in the fore-quarter, but full in the hind- 
, not fattening so early, but yielding a long and heavy fleece. 
'y of these good qualities have been preserved, and to them have 
added that which is of so much importance to the farmer—the 
of rearing and fattening so many more sheep on the same 
ity of land, and of bringing them so much earlier to the market. 
will be the to speak of the shearing of the sheep, 
at tha eece from the animal. The animal is first 
in some running stream. ‘Two or three days are then allowed 
of the wool previous to its being shorn, the sheep being 
pasture, and remaining re until the fleece is 
that the new yolk. which is rapidly secreted, may penetrate 
it, giving it a little additional weight anda iar softness 
shorn, the mark of the owner is placed upon it, 
and tallow, with a small portion of tar, meited 
not be washed away by any rain, but may be 
pe dy aye tion of soap and water. 
can laid down with regard to the rearing and feeding 
of that will admit of anything like applicati A 
deal de on the kind of 


the 
Suppose the larger kind of sheep, and on arable The ewes 
are generally ready to receive the ram at the beginning of October, 
the duration of pregnancy is from about twenty-one to twenty- 
three weeks, bringing the period of parturition to nearly the beginning 
at which time most of the lambs will be dropped. The ewes 
fed rather better than usual a short time previous to the 
ing introduced. Rams are fit to propagate their species in the 
of the second year, and that is also the proper period for the 
impregnation of the ewes. The ewe is, after impregnation, suffered to 
the usual pasture, being supplied, as occasion may require, 
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to 
that they should not be too fat when the lambing season 
The hogs and the fattening sheep of the previous year, 
now one year and a half old, are put upon the turnips in October, or 
whenever the 
required for the cattle, or the ewe-flock, are then drawn off in alternate 
rows, in the ortion of one-half, one-third, or one-fourth, as the 
convenience of the situation, the goodness of the crop, or the quality 
of the land may di The remainder are consumed on the ground 
As the period of parturition approaches, the attention of the shep- 
herd should increase. There should be no dogging then, but the ewes 
should be driven to some sheltered inclosure, and there left as much 
as possible undisturbed. Should abortion take place with runes 
cattle, 


any of them, although it does not spread through the flock as 


p, and the nature of the felon cat an 


pastures cease to improve their condition. The turnips | 


small doses of Epsom salts with gentian and ginger administered to 
her, no great quantity of nutritive food being allowed. 

The ewes should now be moved as near home as convenience will 
permit, in order that they may be under the immediate observation of 
the lamber. The operation of clatiing, or the removal of the hair from 
under the tail and around the udder, should be effected on every long- 
woolled ewe, otherwise the lamb may be prevented from sucking by 
means of the dirt which often accumulates there, and the lamber ma: 
not be able at all times to ascertain what ewes have actually lam| 
The clatting before the approach of winter is a useless, cruel, and 
dangerous operation. 

The period of lambing having actually commenced, the shepherd 
must be on the alert. The process of nature should be permitted 
quietly to take its course, unless the sufferings of the mother are unu+ 
sually great, or the progress of the labour has been arrested during 
several hours. Experience will teach the course to be pursued in that 
case. If any of the newly-dropped lambs are weak, or scarcely able to 
stand, the shepherd must give them a little of the milk, which at these 
times he should always carry about him, or he must place them in 
some sheltered warm place; in the course of a little while the young 
one will probably be able to join its dam. The operation of castration 


should be ‘ormed nine or ten days after the birth of the lamb. 
Unless the pasture on which the ewes are placed is very good, it will 


be advisable to continue the use of the turnips. A moderate quantity 
may be given twice in the day, care being taken that the whole of one 
quantity shall be eaten before any more is placed before them. This 
is a better practice than hurdling off certain portions of the field for 
the sheep, unless the land is perfectly dry. A little hay will always 
be serviceable while the flock is fed on turnips. It corrects the occa- 
sional watery quality of the turnips, and the sheep usually thrive 
better than if they are fed either on hay or turnips alone. Bran and 
oats, with oil-cake, have been recommended for the ewes before wean- 
ing time, but this is an expensive measure, and its cost can hardly be 
repaid either by the ewe or the lamb. By the end of March or the 
beginning of April the turnips are generally nearly consumed, and the 
farmer is occasionally a little puzzled to find sufficient food for his 
flock. He should have had some plots of rye to support them for 
awhile. Rye-grass and clover are very serviceable. Mangold wurzel 
and Swedish turnips that have been carefully stacked on dry straw 
will be most useful, for they will retain their nutritive quality until 
the flock can be conveniently supplied with other food. 

At length comes the time for weaning. In a poor country it takes 
place before the lambs are much more than three months old. In a 
more plentiful one the lambs may be left until the fourth month is 
nearly or quite expired. If the pasture is good, and it is intended to 
sell the lambs in store ‘vondition, the weaning may be delayed until 
six months, Whichever time is selected, it is of essential consequence 
that the mothers and the lambs should be placed so far apart that they 
cannot hear the bleatings of each other. The ewes should be some- 
what carefully looked after, and if any of them refuse to eat, they 
should be caught, the state of the udder ascertained, and proper mea- 
sures adopted. 

The lambs should not be put on too stimulating food. The pasture 
should be fresh and sweet, but not luxuriant. It should be sufficient 
to maintain and somewhat increase their condition, but not to produce 
y. dangerous determination of blood to any part. 

The Diseases of Sheep.—Commencing with the head, a parasite, having 
the appearance of a bladder filled with pellucid water, attacks the 
brain. The origin of it is connected with bad management, bei 
scarcely known in upland pastures or in grounds that have been e 
drained. As the parasite grows, it presses upon the nei hbouring 
substance of the brain, and interferes with the discharge of its fune- 
tions; the sheep becomes giddy, is frightened at any trifling or imagi- 
nary object ; he separates himself from his companions; he commences 
a strange rotatory motion even while he grazes, with the head always 
turned towards the same side. ‘This is the characteristic symptom, 
and as soon as it is perceived the animal should be destroyed, for there 
is no certain cure, and many of the operations that some persons have 
described are cruel and inetticient. 

A somewhat similar disease, but with which the hydatid has nothing 
to do, is Hydrocephalus, or water in the head, generally indicated by a 
little en! ment of the skull; a disinclination to move ; a slight stag- 

ing in the walk; a stupidity of lovk, and a rapid loss of condition. 

his disease seldom admits of cure or palliation. If any amendment 

can be effected, it will be by the administration of good food, tonic 
medicine, and gentle aperients, 

Another species of pressure on the brain is of too frequent occurrence 
—Apoplexy. A flock of sheep shall be in apparently as good and fine 
‘condition as the farmer can desire. They have for a considerable 
period grazed on the most luxuriant pasture, and are apparently in the 
highest state of health. By and bye, one or more of them is, without, 
any previously observed change, suddenly taken ill. He staggers, is 
unconscious, falls and dies, and perhaps within a quarter of an hour 
from the first attack. With regard to how many over-fattened sheep 
is this the case? If there is time for resorting to curative means, the 
jugular vein should be opened, and aperient medicine administered. _ 

Inflammation of the brain is a frequent consequence of over-feeding. 
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Tt is ushered in by dullness and disinclination to move : but presently 
the eye brightens, and the animal attacks everything within his reach, 
If it can be managed, the same treatment must be adopted—bleeding, 
hysic, and low feeding. 

‘ oove is a distension of the nch with food, and the extrication of 
gas from that food. The hollow probang should be introduced into 
the stomach to draw off this gas, Four to five drachms of hartshorn 
in half-a-pint of water gives early relief to the animal. 

There is however a disease of the liver—the Rot—far more f 
occurring in sheep than in cattle, and bearing a peculiar 
destructive character. 

In the very earliest stage alone does it admit of cure. The decisive 

ptom, at that time, is a yellow colour of the eye that surrounds 
the pupil and the small veins of it, and particularly the corner of the 
eye, which is filled with a yellow serous fluid, and not with blood. 
There is no other ctw ley morbid appearance until it is too late to 
le with the malady; on the contrary, the sheep, although per- 

haps a little duller than usual, has an evident propensity to fatten. 
The rot is a disease of the liver—inflammation of that organ ; and the 
vessels of it contain flukes. They are taken up in the food; they find 


uently 
more 


their way to the liver as their destined residence, and they create ory) 


aggravate the disease by perpetuating a state of irritability and dis- 
organisation. The rot is evidently connected with the state of the 
pasture. It is confined either to wet seasons or to the feeding on 
ground that is moist and marshy. In the same farm there are fields 
on which no sheep can be turned without getting the rot, and there 
are others that never give the rot. After long continued rains it is 
almost sure to appear. The disease may be communicated with extra- 
ordinary rapidity, A flock of sheep was halted by the side of a pond 
for the purpose of drinking: the time which they remained there was 
not more than a quarter of an hour, yet two hundred of them eventu- 
ally died rotten. The fact is, they then received into their system the 
germs which ultimately assumed the destructive form of those flukes 
in the liver which destroyed them. In the treatment of the rot little 
that is satisfactory can be done. Some sheep have recovered, but the 
decided majority perish in despite of every effort. The patients how- 
ever may, as giving them a little chance, be moved to the driest and 
soundest pastures, and there fed as liberally as possible; but, above all, 
plenty of salt should be placed within the animals’ reach, and given to 
them in the way of medicine. 

In the way of prevention the farmer may do much; he may drain 
the most suspicious aeig of his farm. No money would be more 
profitably expended t! in accomplishing this. Some of the little 
swampy spots which disgrace the appearance of his farm possibly lie 
at the root of the evil. 

Redwater, or the effusion of a bloody serous fluid in the cavity of 
the abdomen, is a frequent and very fatal disease among sheep. e 
cause of it is a sudden change from one pasture to another of almost 
opposite quality, or the moving of the flock from a dry and warm to a 
damp and cold situation. It is most destructive to lambs if exposed 
to a hard frost or suffered to lie on a damp and cold soil. The sheep 
will separate himself from the rest of the flock ; he will evince a great 
deal of pain by rolling about, and frequently lying down, and imme- 
diately getting up again ; and, sometimes, he dies in less than twenty- 
four hours from the first attack. The belly will be found swelled and 
filled with the red water, or serous fluid tinged with blood, from which 
the disease derives its name. The treatment should consist of mild 
aperients, with gentian and ginger, and a liberal allowance of hay and 
corn. 

Diarrhéa is a very prevalent disease among lambs, and especially 
after a change of diet or of situation. When it is not violent, and 
does not seem to be attended by colic, a little absorbent and my oH 
medicine, with a few grains of opium, may be administered. The 
diarrhcea of sheep may be similarly treated, but when the disease is 
assuming the character of dysentery—when the discharge is more fre- 
quent and copious, and mingled which mucus, a larger quantity of this 
medicine should be given, and some blood abstracted if there is any 


oe of fever. 

e diseases of the respiratory organs are often of a serious character. 
During the greater part of the winter the nostrils will sometimes be 
filled with mucus, and the sheep is compelled to stop for a moment at 
every second or third bite, and snort violently, and stand with his 
muzzle extended and labouring for breath. If his general health does 
not seem to be affected, this will pass away as the spring approaches. 
If however any of the flock should now appear to be losing flesh and 
strength, it is too peer that consumption is at hand. The only 
chance of saving or doing them any good will be to place them in some 
comfortable pasture, letting them have ample food and salt within 
their reach 


Lambs, when too early and too much gee are subject to diseases 
of the upper air passages, one attended by a ringing cough, and the 
other by one of a more wheezing sound. Bleeding will always be 
necessary for the first, with aperient medicine. <A mild purgative will 
usually suffice for the second, or possibly an ounce or an ounce and 
a half of common salt may be given dissolved in six ounces of lime- 
water, 

Inflammation of the lungs, recognised by the difficulty of breathing, 
heaving at the flanks, and distressing cough, is a disease of frequent 


occurrence in sheep. It speedily runs its course, and the are 
found to Segery Seer) mass, Bleeding and peemmee. 
pensable : but as soon as the violent symptoms seem to remit, tonics 
must follow. ; 

Garget.—Inflammation of the udder is more frequent in the ewe 
than in the cow. The udder should be well fomented with warm 
water, and may then be returned to her lamb. 

Diseases of the Feet.—The treatinent of foot-rot essentially consists in 
paring away all loose and detached horn. This is the corner-stone of 
skilful and successful practice, All fungous ulations must either 
be cut away, or destroyed by the muriate of antimony, and the foot 
well washed with a solution of chloride of lime. The muriate 
antimony must then be lightly applied over the whole of the ; 
surface. This must be repeated daily until the whole of the foot is 
covered with new horn. qc 

The Scab is a very troublesome disease, common in the spring and 
summer. The sheep is continually scratching himself with his feet, 
tearing off the wool, and violently rubbing himself against every pro- 
truding substance. It is a very infectious disease, for 
against which the sheep can rub himself becomes tainted ‘with the 
poison. The sheep must be housed and shorn as closely as 


and then well washed with warm water. An ointment com 

one part of mercurial ointment and seven of lard must then be 
procured, and such a quantity of it as the diseased parts seem to require 
rubbed in on every second day. Every place in the field and in the 
fold against which he can pasivly have rubbed himself must be well 
cleaned and peed before he is permitted to return. é 

Lice and Ticks will be best got rid of by the application of the 

gr ointment just recommended. tly a & 
ly.—Sever: ies of fly frequen eposit their ova on the 
wool of the sheep. if chaee'are any. Sirs pons Seas selected for 
the habitation of the larve. The head, asthe most exposed is the 
one oftenest attacked, and the sheep are sadly tormented Py the ap 
and the larve, The best preservative or cure is the on 
ot. composed of a pound of pitch and a quarter of an ounce of 
’ wax, spread on noft leather or linen. The attack may however 
be generally provers by the application of a small quanta. of 
of tar to the head, or any bare or sore part. Two or three ap 
of this will be sufficient for the whole of the summer, and not a 
will approach a sheep thus guarded. 

WOOL AND THE WOOL TRADE. The term wool is now applied 
almost exclusively to the fleece of the sheep. The distinction between 
wool and hair is more easily understood than described. When the 
wool brought to bear in the comparison is that of sheep, the distinction 
is tolerably well marked ; but in various other animals it seems often 
difficult to decide whether hair or wool be the proper a) 
the external covering; and hence perhaps the reason for the O- 
gga of the term wool principally to the coating of the ihe? 

ool compared with hair is generally softer, more flexible, and more 
disposed to undergo the felting process, which imparts to it so much 
value in manufactures, Many of the wilder animals, such as the 
beaver, the racoon, the wild cat, and the otter, produce both hair and 
wool, the hair forming the long and conspicuous outer fibres, and the 
shorter fibres of wool lying hidden beneath. The goats of certain 
regions of Asia Minor, Tibet, and South America, yield woolly fibres 
of great beauty, which not only equal those of the sheep, but greatly 
surpass them; this wool, however, as we shall see er on, is too 
costly to come prominently into competition with that of the sheep. _ 

In a commercial and manufacturing point of view, a notice of wool 
may consistently be confined to that of the sheep; and for an account 
of the varieties of sheep, and of the wool they bear, as i to 
the gs article, we refer to the article Woon, which immediately 
precedes. ‘ 

The history of wool in its unmanufactured state, as regards the legis- 
lative enactments to which the commodity has been subjected, forms, 
however, a distinct subject, and is full of instruction in i ea to the 
bie gn of commercial economy. It enables us to trace the gradual 
gro’ of just opinions on such matters, and the many conflicts by 
which these changes were wrought. Wool, as an article of wealth, has 
been singularly exposed to these contests; for the agriculturists and 
manufacturers for took different views of what measures in refer- 
ence to the wool trade. were for the national benefit, influenced ae 
by what they deemed their own interests. The reason lies in 
cumstance: that whereas the silk and cotton manufacturers work upon 
materials brought wholly from abroad, the woollen manufacturer 
employs materials both of home and of foreign produce; and as this 
applies to foreign as well as to English manufacturers, there have arisen 
four distinct points upon which the legislature has from time to time 
had to decide, namely—the free exportation of British wool; the 
restrictions on such exportation; the free importation of foreign wool ; 
and the restrictions on such importation. The reasons which have led 
the two great class interests to take opposite sides in the question, and 
the effects which that ition has had on the wool trade, will be 
seen from the following brief details. : ¢ . 

In the time of Edward I, a duty was imposed on the exportation of 


British wool; and t ts were made on his i the. 
duty in 1296 from 20s. to 40s. per bag. Lynn, Newcastle, - 
upon-Hull, Boston, Yarmouth, Ipswich, Southampton, Bristol, and 
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London were appointed ports from whence wool might be shipped, and 
at which customs’ officers were authorised to receive the dues. When 


the remainder of his reign Edward had frequent contests with the 
Jommons and the merchants respecting his grants of wool, the duty 
payable on wool sold, and the prohibition to exportation ; the contests 
being not between agriculturists and manufacturers, but between the 
on one side and all his subjects on the other. By a statute of 

, IIL., the towns of Newcastle, York, Bristol, Lincoln, Norwich, 
Westminster, Canterbury, Chichester, Winchester, Exeter, Caermar- 
then, Dublin, Waterford, Cork, and 


cx 


appointed to seal every sack of wool sold ; a customs’ 


were 
a sack was charged to denizens, and of 10s. a 


duty of hall 
sack to 


During the reigns of Richard II. and Henry IV. there were repeated 
grants or subsidies of wool to the king, petitions from towns concerning 
the places for the staple, alterations in the customs’ duty, and licences 
— to ict parties in respect of exportation. The same, 

2 


said respecting the next two reigns; but by the time 
of Henry VI. the its of the staple appear to have acquired a 
kind of monopoly, which was often made a subject of cone 
Edward IV. enacted that no alien should export wool, and that 


denizens should export it only to Calais; and in the next three reigns 


sheep 
great complaints to be made; and this may perhaps be taken as the 
commencement of yar order of pence. 80 ee as the eae 
took up a position or apparently opposed to the interests of the 
people. i a not, Seater, till the fans of Charles I. that the abso- 
ute prohibition of exportation was determined on seriously ; and this 
seems to have been, in the first case, not so much a measure demanded 
by the manufacturers, as a source of revenue to the king by granting 
licences to favoured persons. After the Restoration, in 1660, however, 
bition became distinctly enacted. 
From 1660 to 1825, the export of wool was strictly prohibited. The 
of this prohibition soon showed themselves. The wool- 
shut out from a foreign market, suffered from diminution of 
; all kinds of extravagant expedients were resorted to, to increase 
the consumption of wool; a system of wool-running, or smuggling, 
became very prevalent; and many pamphlets appeared from parties 
ite sides of the question at issue. The agriculturists, thus 
in respect to wool, insisted on the } accipcorbi of the import 
f Irish cattle, as one means of maintaini eir rents; this disturbed 
course of trade between England and Ireland ; and the attempts 
the instigation of the woollen manufacturers, to.compel the 
, excited the hostility of the silk and linen trades ; 
the whole commercial system became disarranged. Nume- 
pamphlets were published in the last century, of the followi 
: from ish wool-growers, to show that Irish w 
be im into d; from English manufacturers, 
Irish wool ought not to be sent to foreign countries; 
Trish graziers, to show that both of these restrictions were 
ust; and from foreigners, to show that the non-exportation of 
wool led to iative measures on their part. The agricul- 
tural and manufacturing classes felt that they were by legislative mea- 
into antagonism; and there arose from time to time 
on both sides. A slight sketch of what occurred in 1781 
will convey a correct idea of the usual state of party feeling concerning 
the wool trade, for a period long subsequent, as well as long previous, 
to The price of wool being low, meetings were held in 
Lincolnshire and elsewhere, under the auspices of the great landowners ; 
at which petitions to parliament were agreed to, praying that British 
wool t be exported, and that Irish wool might be excluded from 
Thereupon the Yorkshire manufacturers met, and came to 
rtation of wool would be ruinous to the trade 
and manufacturers England; that the manufacturers would be 
obliged to leave the kingdom for want of employment; and ‘that the 
importation of Irish woollen yarn ought to be interdicted. The 
orsted manufacturers were particularly vehement, for they had a 
notion, whether correct or not, that no other country produced long 
combing or worsted wools equal to that of Lincolnshire; and that if 
they could keep the whole of this wool in England, they might perhaps 
retain a monopoly of the worsted trade. 
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The union with Ireland, in 1800, was another cause of disagreement 
in the wool trade, By one of the resolutions of parliament prepara- 
tory to that measure, it was determined that the two countries should 
be placed on an equality as regards bounties, prohibitions, &c., on the 
natural produce of each. One effect of this would be to legalise the 
transit of wool from England to Ireland; and the manufacturers in a 
body opposed it, but without success. Thus was effected one step in 
the attainment of increased power on the part of the English wool- 
growers ; and another step was made in 1802, by the imposition of a 
duty of 5s. 3d. per ewt. on the importation of all foreign wool. This 
latter measure of course enhanced the comparative price of English 
wool. It had long been urged that foreign wool was indispensably 
necessary to the manufacture of some kinds of goods, and towards the 
end of the last century the imports became considerable. Year after 
year the quantity increased, and by 1800 it reached 4,000,000 Ibs. in 
the year, being about th part of the quantity required in the manu- 
facture. This alarmed the landowners, who thereupon procured the 
imposition of a duty of 5s. 3d. At various times the leading agricul- 
turists made laudable attempts to improve the quality of English wool, 
by introducing the Spanish merino sheep; but they still found that 
when their wools came into the market with those from Spain and 
Saxony, the latter, notwithstanding the import duty, commanded a 
more ready sale for the manufacture of the fiuer cloths. Hence an 
increase of the import duty was constantly urged upon the government, 
and such an increase was made to a small extent in 1813, by fixing 
the duty at 6s. 8d. instead of 5s. 3d. per ewt. But this not satisfying 
the landowners, renewed demands were made; and by the year 1816 
parties were placed in a curious antagonism, which may be thus 
represented :— 


Landowners’ Claims. Manufacturers’ Claims, 


Restricted imports of wool. Unrestricted imports of wool, 
Unrestricted exports ,, Restricted exports FY 


The landowners wished to keep out foreign wool, that their own 
might command a higher price; and at the same time wished for an 

i foreign market for their own wool. The manufacturers, 
on the other hand, wished for a free import of foreign wool, because it 
was best adapted for their work ; and at the same time wished to pre- 
vent the export of British wool, as a means of monopolising woollen 
manufactures. Each party argued consistently with liberal policy in 
one instance, but displayed the narrow spirit of monopoly in the other : 
there was a right and a wrong on each side—a liberal and an illiberal ; 
and the two parties were so far pretty equally matched. In most of 
the subsequent measures taken by the two parties in reference to the 
wool trade, the peers and commoners belonging to Yorkshire generally 
took the manufacturers’ view of the question; while those in the 
sheep-rearing counties took the opposite view; and petitions and reso- 
lutions were poured forth in abundance by both parties. In 1818 the 
matter was brought on in parliament by the agriculturists, and lost by 
only a very small majority ; but in the following year the country was 
taken by surprise by a government proposition, which was carried by a 
large majority, to increase the import duty on foreign wool from 6s. 8d. 
to 56s. per cwt. 

The depressed state of the woollen trade, partly consequent on this 
impolitie tax, was one of the moving causes to the disturbances in the 
north between 1819 and 1821; and the attention of the government 
was repeatedly directed to this matter by the opposite statements of 
different parties. In 1824, Mr. Robinson, after alluding to the peculiar 
tinge of monopoly shown in the arguments of both parties, proposed 
to admit the export of British wool at a duty of one penny per pound, 
and the import of foreign wool at an equal duty—thus showing to 
both parties the same meed of fairness. Neither party seemed very 
well pleased with the proposal; but ministers brought it before parlia- 
ment, and carried it into a law. In the following year (1825), Mr. 
Huskisson carried some of his measures, which still further opened the 
woollen trade. 

In 1828 the wool-growers induced the House of Lords to appoint a 
Committee of Inquiry; but the evidence taken before it appears to 
have convinced the government that it would be wrong policy to re- 
impose the import duty as a protective measure; and there has not 
since then been any renewal of the obnoxious duties. 

Many of the legislative enactments here alluded to depend evidently 
on some peculiarity in foreign wool which fits it for manufacture ; and 
this was strikingly illustrated in the evidence before the Lords’ Com- 
mittee, in 1528, where several eminent manufacturers stated that they 
could scarcely find a sale for any woollen cloths if made wholly of 
English wool. This led to many laudable efforts to improve the 
character of both our long and short-woolled sheep. 

We will now briefly trace the progress of the wool-trade, in relation 
to the produce of English fleeces, and the importation of others from 
abroad, 


In the year 1800 Mr. Luccock estimated the quantity of wool pro- 
duced in England and Wales thus :— 


Short wool , , . . 
Long wool . . . . . 
Skin wool . gas 


. 202,737 packs, 
. 181,794" 5, 
+ 58,705 4, 


893,236 ,, 
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Mr. Hubbard's estimate for 1828 was— 


Short wook . . «+ « « « 229,017 packs, 


Long wool . . ® * * » 263,847 ,, 
Skin wool . . . : « « 69,405 ,, 
463,169 ,, 


WH scat fe mrchar e Ba It has often been asserted that the 
attempts to improve the quality of English mutton has deteriorated 
the quality of the fine wool, but increased the ntity of the long 
weeks and thie seems to be borne ont by the num here given. Mr, 
Bischoff gives a table to show the quantity of foreign imported 
every year from 1741 to 1841. We will give a few of the years. 
Ibs, Tbs. 
1771...» 1,829,772 1811. . . 4,739,972 
17sl. . + 2,478,332 weal. . + 9,770,103 
1791. « » 3,014,511 1831. + 31,652,029 
1801. . «7,871,774 1841... —, 49,710,396 


These numbers sufficiently show aegeh oer English woollen manufac- 
ture is, when left to itself, to derive from the use of foreign wool. 
All the finer wools used to be brought from Spain; but in 1765 the \ 
elector of Saxony imported into his dominions a few Merino sheep, 
which have had a most surprising influence on the trade in wool. The 
Saxony Merinos, instead of degenerating, improvetl upon their Spanish 
itors, and the wool afforded by them has almost driven the 
Boanish wool out of the English market. In 1800 the imports of wool 
from Spain were fourteen times as large as from Germany ; whereas in 
1840 those from Germany were seventeen times as large as those from 
Spai 
The inquiries made within the last twenty years, into the history of 
the wool-trade, present many points of interest. How many tend 
there are grazing in the United Kingdom at one time, and how muc 
wool is obtained from them, are matters on which no trustworthy 
figures have been given, All is guess-work. In 1860 Mr. P. L, 
Simmonds gave a curious comparison of estimates made at different 


times dw the present century, relating, in most instances, to the 
number of sheep sup to be living at one time, but more especially 
to the supposed weight of wool annually obtained from them. These 
estimates are eleven in number. The quantities, or round numbers, 
are as follows :— 

Year, Computer, Sheep, Wool, 

1801 Luceock .  . 26,000,000 94,060,000 Ibs, 

1828 Hubbard oa t 111,000,000 ,, 

1834 M‘Culloch . « 32,000,000 t * 

1835 M‘Queen . + 48,000,000 247,000,000 ,, 

1845 Low . «._ . 35,000,000 157,000,000 ,, 

1851 Southey. . . 55,000,000 275,000,000 ,, 

1852 Poole. « 32,000,000 128,000,000 ,, 

1857 Ashworth t 143,000,000 ,, 

1858 Baines ges t 200,000,000 ,, 

1860 Wray . « 55,000,000 275,000,000 ,, 

1860 Simmonds .  « 50,000,000 250,000,000 ,, 


Mr. Leonard Wray, in 1860, made an earnest attempt to arrive at 
the truth; the opinions expressed to him by wool-growers and wool- 
staplers were most discordant; but he arrived at a hypothetical result 
very similar to one which Mr, Southey had put forth in 1851, Mr. 
Simmonds has given a curious comparison of the wool-producing 

wers of various kinds of sheeps’ food, only possible since the wide 

velopment of the study of agricultural chemistry, According to 
this comparison, equal weights of the following kinds of food 
will lead to the production of the following weights of wool :— 


Potatoes, raw, with salt . > - . - 64 of wool. 
Mangel-wurzel, raw . . ° : ew & yy 
Wheat . . . . . . 4 ” 
Othe: 6s ty ee re ee eS 16 wy 
Rye, with salt > . . . . ~i4 » 
Rye, without salt . . . ° . 12 » 
Barley . ‘ ‘ . . . ° 12 ra 
Peas . . . . . . + 163, » 


Buckwheat . ° . 


Peas, wheat, and rye with salt, thus appear to be the best, What is 
the best mutton-producing food for sheep, as contrasted with wool-pro- 
ducing, we have no concern with here. There are six different quali- 
ties which manufacturers look for in wool—fineness, or equable thinness 
of fibre ; fullness, or closeness in the — of the locks on the 
sheep ; freences, or absence of entanglement in the fibres ; soundness, or 
of fibre when pulled in combing; length, or a fitness in the 

length of fibre for each particular kind of manufacture ; and softness, 
or a certain degree of silkiness to the touch. According to the 
degree in which wool possesses any or all of these qualities, so 
is the price which it will command in the market. During the 
latter half of the last century, English wool commanded from 6d. to 
ls. 1d. per pound. During the first quarter of the present century, 
ook ead varied between the wide limits of 7d. 3s, Since the 
iom and export, the B has depended more con- 


‘disturb the’ course of pastoral industry. The 


of im 
sistently on the actual quality. hile English wool, very little 
applicab le to the manufacture of fine cloth, sells at 10d. or 1s, per 


, Saxony or Merino wool will often command 2s. 
Saxony fleedes are 
Te Abe half the pply is used for worsted and 
to ut ome su’ and 
half for cheap woollens; the best woollens cow depend whaieen aa 
use of foreign wool. 4 ; 
One of the most notable t features in the wool trade is the 
competition of Australia, We have said that Germany nearly drove 
Spain out of the market ; and now Australia is 
is found that the climate and soil of Australia, 
obtainable, are favourable to the growth of wool. 


This has been done 


with very little en¢ouragement from external sources. ; cn E 
Wool is largely im rted from the British in oe 
Africa. India, it is believed, could easily su us with 200,000,000 Ibs, 


of wool annually, by the lay of a little energy. Chinese she :. 
brought to England and America, have proved v print ae ' 
ing i: fleeces a wool pevecetts —_ ya ee mu : 
ly increase her presentsw id not go r 

' ae United Sates Ho 


produce enough wool for their own manufactures; they import goc 
wool from Europe, and cheap wool from South America, It “ee 
curious instance of the tendencies of trade when unshackled, that tl 
United States’ mills work up Australian wool which has come to them 
9 5 a distance altogether equal to two-thirds of the circuit of 
e glo ant 
The total quantities of wool—whether sheeps’, lambs’, or Alpaca, — 
imported in recent years, will conveniently be shown by taking certain — 
dates, three years apart:— —__ ; 
Tbs. Ths, 


1843. + « 49,243,093 1852. « «+ 93,761,458 
1846. . + 65,255,462 1855. . + 99,300,446 
1849. + « 76,768,647 1858 . + « 126,738,723 


It will ‘suffice to take one year, 1860, to show the trade a little more 


in detail :— 
Ths, 
Wool from Australia . . ° . 59,165,939 
bb Northern Europe. - » « 88,840,961 
an East Indies . . . » 20,214,173 
w South Africa. a> Ve « 16,574,345 
” Other countries. . . 10,705,233 | 
145,500,651 


Of this quantity, however, rather more then 30,000,000 Ibs. were 
exported, leaving about 115,000,000 Ibs. of f and colonial wool 
to be used up by ee 

It will be 


Apaca Woot it was stated that Australian were 
beginning to attend to this subject. We will here briefly notice what 
has been done since that article was written. It is to Mr, Charles 
Ledger that we owe most of what is known the wool of the 
alpaca, Uama, vicuta, and guanaco, animals which on the high 
table-lands among the Andes, Those four kinds have t differences ; 
and by cross breeds between the animals it is that wool will 


be obtained of finer quality than any yet known. The Peruvians use 
Nama wool for sacking, cordage, , bed coverlets, &e., and alpac 
wool for various textile fabrics. Mr. Outram, of Halifax, ove 
came, in 1835, the at of spinning alpaca wool 
and Mr. Titus Salt, of taire, made those further im “4 
which established alpaca rege be staple manufactures of Yorkshire— __ 
especially when combined cotton warp for strong byte 4 
[aaerth io iore Weed oe meee ny and ladies’ dresses. A 
ving been thus created, the supply has gradually increased. = 
small bales, from 60 Ibs, to 150 Ibs, each, 1835 
year of considerable ms pool bou 
lbs. 


1853 he went to Melbourne and Sydney, to 
climate and soil of Australia were suitable 


found spots which possessed in an admirable degree all the reli 


wally 
ling over the Andes. pigeon drat) 1858 
that he could get flock into the States; for the Pe w 
ment of Peru placed all kinds of o in the of their 
exportation. At length, in November 1858, a flock of 276 as, 
llamas, and vicufias arrived safely at Sidney. In May, 1859, he ; 
a tour of inspection, at the instance of the New South Wales 
ment, to select the best place for a breeding and pasture ground. 
fixed on the Maneroo district, about 260 miles from Sidney. The first 
shearing, in November of that year, was too oath, at la wes as 
pronounced in Yorkshire to be too short-stapled for the best g ; 
The flock was transferred to Maneroo ; and the numbers are gradually 
increasing. Mr. has made a calculation that, bach, Ba 
accidents, deaths, bad years, &c., he very earnestly looks ' 


T= 
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1870; and if this estimate be borne out, the increase 
rapid. The New South Wales i gear 
regarding the subject as one of great colonial importance, have made 
i r with Mr. Ledger; for Yorkshire will eagerly buy 
eg ene See: se ially will this be 
the case if the quality can be maintained at a high standard. 

WOOLLEN AND WORSTED MANUFACTURES. The manu- 


ed 
fabrics which do not undergo the felting or fulling 


probable that no other of the textile manufactures is 
Sheep were reared from the earliest times, 
that the use of the wool for clothing was 
If woollen fibres be pressed firmly together 
a flat layer, the fibres, by virtue of their felting property, will cohere 
@ continuous sheet even without the process of weaving ; and this 
not fail to attract notice. The passages in the Bible 
allude to the use of woollen garments are well known; 
i evidence from various quarters to ee ee, 
valence of a similar custom in the East generally, in early times. e 
ing of the fibres was most probably effected by the fingers; while 
thistle or teazle, as at present, was used to comb out the fibres; 
dyeing of the threads, too, it is quite evident, was well understood 
the the Greeks and Romans the woollen manu- 
of a domestic ker g-eacagll but yet it would mon a the 

of large armies must have required arrangements of a mo! 
ekind. The natives of India, after the epoch of Macedonian 
in that country, made shawl-cloths of exquisite beauty, con- 
is ‘supposed, of short wool woven without felting: and the 
and Romans may have derived some of their modes of pro- 
from such a quarter. But however this may be, the Romans 

sexes wore woollen garments bir generally. 

decay of the arts consequent on the irruption of the barbarians 
into Rome did not appear to have extended to this manufacture. 
Woollen clothing was still made in most of the countries where the 
Romans had established colonies; and there are indications that in the 
10th century the manufacture became the occupation of a particular 
fraternity in the Low Countries. The wool employed was at first the 
uece of their own country ; but they afterwards imported wool 
other countries, and carried on the manufacture to such an extent 


ie 


fal 


F 


ueror, an inundation which occurred 
in the Netherlands drove many of the clothiers into other countries, 
and some of them came to d. William of Malmesbury says that 
the , glad of such an accession, placed these Flemish clothiers first 
in and then in the western counties. From that time the 
“mention of clothiers is frequent in the old ia ay q eye Oxford, 
Lincoln, Huntingdon, York, Nottingham, an inchester, being enu- 
merated as towns wherein the pee ce ol was carried on; while at 


to the enactment of many laws, tending to the exclusion of foreign 
wool and the use of English wool only in our manufactures. The 
exclusion of Spanish wool from English broad-cloth ; the limitation of 
the width of broad-cloth to two yards; the determination of the width 
of at Bristol; the appointment of towns where 
alone t and sold; the appointment of the office of 
king’s myp ot whose duty it was to attend the cloth-markets, and 

all the cloth sold, to see that there was no deficiency of length, 
received a fee for every piece of cloth to which he attached 


of wrou 
of the lawa by which the government tried or ho 
4 they will serve to conyey an idea of the general 


ght about a great extension of the manufacture 4 
inviting over some skilful weavers from the Netherlands, Englis 


wool was said to be worked up more successfully in the Netherlands 
than in England; and Edward thought that by getting over some of 
the Flemings to this country, he could improve the native manufacture. 
This seems to have been done ; and the following distribution of the 
manufacture, consequent on this immigration, shows how widely this 
branch of industry became spread—Norfolk, fustians; Suffolk, baize; 
Essex, says and serges; Kent, broad-cloth; Devon, kerseys; Glouces- 
tershire, cloth ; Worcestershire, cloth ; Wales, friezes; Westmoreland, 
cloth; Yorkshire, cloth ; Somersetshire, serges; Hampshire, Berkshire, 
and Sussex, cloth. 

For several reigns subsequent to that of Edward III., the woollen 
cloths made in England appear to have been chiefly of a coarse quality; 
the majority of the manufacturers directing their attention chiefly 1 
worsted fabrics; while the finer broad-cloths were imported from 
Brabant, a proof that the exertions of Edward, though successful as 
regards the extent of the manufacture, were not so in respect of 
quality. By the reign of eg PH the exports of English cloths 
became very large, insomuch that when, through foreign wars, the 
markets of Spain and the Netherlands were closed to the English, great 
complaints arose among the manufacturers, who could not sell the 
cloth which they sent to Blackwell Hall, a kind of Cloth Hall whence 
London dealers and merchants were supplied. About this time the 
manufacture in the counties of Somerset, Gloucester, Wilts, and Wor- 
cester was limited to corporate towns; and the most absurd laws were 

to confine it to those favoured spots. During the reign of 
izabeth, owing partly to many of these restrictions being removed, 
and partly to the immigration into England of many weavers driven 
from the Netherlands by the persecutions of the duke of Alva, a con- 
siderable advance was made in the English manufacture. In the 
following reign the English dyers succeeded in obtaining a law pro- 
hibiting the export of cloth in the white or undyed state, under the 
expectation that they would be gainers thereby; but, like many other 
monopolies, it defeated its own aim; the Dutch and Germans refused 
to buy English cloth in the dyed state, and thus the exports fell so 
enormously that dyers as well as manufacturers lost by the impolitic 
prohibition. 

During the time of the Stuarts a narrow policy almost ruined the 
manufacture. At one time there was an attempt to get all Spanish 
wool brought to this country, and to no other countries; at another 
time the exportation of English wool, of fuller’s earth, and other 
materials of manufacture, was prohibited ; English clothiers refused to 
receive Flemings among them, from a peg | of jealousy; the London 
merchants procured an act prohibiting all foreigners from buying and 
selling ; ae many other measures were passed, either by parliament or 
by corporations, tending to cripple the free spread of the trade and 
manufacture. Ireland suffered severely by this mischievous system ; 
for after being compelled to give up the exportation of cattle to Eng- 
land, on account of the complaints of the graziers, she turned attention 
to the growth of wool; but this offended the English wool-growers; 
and if frish cloths were sent to England, this roused the opposition of 
the English clothiers; so that from about 1640 to the end of the 
century there was oue continuous struggle in Ireland to bear up against 
the selfish policy of England in ct to wool and its manufactures, 

Throughout the greater part of the 18th century the manufacture 
steadily increased in England, especially in those fabrics made of long 
or combing wool. When the inventions in spinning-machinery gave 
an extraordinary impetus to the cotton-manufacture, that of woollen 
became thrown comparatively into the shade; but the application of 
improved machinery has since increased the power of the manufac- 
turers; while the great improvements in the quality of German and 
Australian wools, combined with the maintenance of a liberal policy in 
commerce and interchange, have given to the woollen and worsted 
manufactures in England a more healthy tone, 

Woollen Manufactures.—It has been before explained that the 
woollen manufacture relates to such fabrics as require the use of short 
or felting wool. This wool undergoes a very large number of processes 
in the course of the manufacture. If we take a piece of superfine 
broad-cloth as a representative of this manufacture generally, the 
following are the successive processes by which it is produced :— 


1, Sorting the wool, 12, Carding. 23. Burling. 
2. Scouring, 13, Slubbing, 24. Fulling. 
3. Washing, 14, Spinning. 25. Scouring. 
4. Drying. 15. Reeling. 26. Tentering, 
5. Dyeing (when dyed | 16, Warping. -27, Teazling. 
in the wool), 17, Ze 28, Shearing. 
6.’ Willying. 18. Singeing, 29. Boiling, 
7. Picking. 19, Sizing. 30. Brushing. 
8. Oiling. 20, Weaving. 51. Picking. 
9. Moating. 21, Scouring. 32. Pressing. 
10. Scribbling. 22. Dyeing (when dyed | 33. Steaming. 
11, Plucking. in the cloth). 34, Packing, 


More than one-half of these, in the most improved forms of pro- 
ceeding, are effected by machinery. 

The sorting of the wool is the first operation, and is one of much 
importance, since the quality of the cloth depends greatly on a due 
admixture of different kinds of wool, Each pack of wool contains 
many different qualities, according to the part of the fleece whence it 


was taken, and other circumstances; and much tact and discrimination 
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are called for in the separation. The sorter has to make his selection 
in relation to the jinencss, the softness, the strength, the colour, the 
cleanness, and the weight of the wool; and in reference to these 
qualities he separates the wool into many parcels, which receive the 
names of prime, choice, super, head, downrights, seconds, jine abb, coarse 
abb, livery, &e. ‘The finest fibre is that of Spanish ewe, the mean 
diameter of which is y4, of an inch; while the coarsest is that of Wilts 
ewe, measuring ,»4; of an inch. All woolly fibres are thicker at one 
end than the other ; but the less the difference in that respect, the 
more valuable is the wool; and this is one of the favourable points in 
Merino wool. 

When the proper kinds are selected, they are next scoured and washed, 


between the rails or ; and this portion is then drawn out or 
elongated to the state of a thread by the recession of the carriage 
towards the other end of the frame. Meanwhile the spindles have been 
tee motion, by which a slight twist is imparted to the thread or 
slubbing. A faller-wire and a rail assist in regulating the winding of 
the thread uniformly on the spindles. The process then is thus con- 
ducted. A child, called a piecener, takes the cardings from the carding- 
machine, and lays them on the inclined apron; they are thence 
carried up beneath the roller and between the clasp, and the workman 
or slubber, by managing his moveable iage with one hand, and the 
wheel which turns the spindles with the other, elongates the k 
into slubbing, and windsit on thespindles. The pieceners are Y 


to free them from the grease which invariably attaches to them. The 
wool is soaked in an alkaline ley at a ny 78 of about 120°, 
rinsed with cold water, and 1 between the rollers of a powerful 
press to free it from nearly all moisture. 

If the cloth is dyed in the wool, that operation succeeds the 
scouring; but if dyed in the piece, many other processes intervene ; 
and it depends a good deal on the kind of colour as to which plan is 
followed. Supposing the dyeing to be completed, however, the wool 
undergoes the process of willying or willowing, which is somewhaty 
analogous to the batting or scutching in the cotton-manufacture ; the 
object being to open and disentangle the locks of wool, and cleanse 
them from sandy and other loose impurities. One among many forms 
of willy is a kind of hollow truncated cone, having an axis running 
through its centre; on this axis are fixed three wheels of different 
diameters, bearing on their circumference four longitudinal bars 
studded with sharp spikes. The cone revolves with a rapidity of three 
or four hundred revolutions per minute, within an outer cylindrical 
casing, whose inner surface is armed with similar spikes. The machine 
is fed, by means of an endless apron, with wool, which enters at the 
small end of the cone, and travels to the larger end by virtue of the 
centrifugal force produced by the rotation, As it passes onwards 
between and among the spikes, it becomes opened and disentangled, 
the fibres of each lock separated, and the impurities detached. When 
the wool has reached the lower end of the cone, it passes into a 
receptacle where a fan is revolving with great rapidity, by which a 
current of air is generated sufficient to blow away all the dust mixed 
with the wool; while at the same time a kind of revolving cage dis- 
tributes the wool in a flat equable layer or stratum. Thus the same 
machine disentangles the fibres, separates the impurities, blows away 
the dust, and lays the wool in a smooth sheet. 

Some kinds of wool require willying more than once; but this is 
not the case with the finer qualities. There are however frequently 
some impurities which cannot be removed by the willy ; and such are 
afterwards picked out by boys or women, called wool-moaters, or wool- 
pickers, A further opening of fibres results from the process of 
scribbling ; but before this is effected, the wool undergoes that of 
oiling ; it being spread out on a floor, sprinkled with olive-oil, and well 
beaten with staves. The scribbli hine consists of several cylin- 
ders, on whose external surfaces are rows of teeth or wires. These are 
combined in a strong frame, and so fitted as just to touch and work 
against each other; the wires on one cylinder are bent in a direction 
contrary to those in the adjoining one; so that when all ,the cylinders 
are reyolying, and wool is applied to the first one of the series by an 
endless apron, it is caught from tooth to tooth, carried rapidly from 
cylinder to cylinder, separated completely from all entanglement, and 
finally given forth in the shape of adelicate fleece orsheet. It becomes 
wound on arevolving roller, after having passed through the scribbling- 
machine; but when it leaves the carding-machine if presents the 
appearance of slender rods, cylinders, or pipes, which are called 
cardings. 

These cardings are then spun into yarn for the use of the woollen- 
weaver ; the process of spinning being generally effected by means of 
the slubbing-lilly or slubbing-machine, and afterwards by the common 
jenny or mule-spinning machine; the slubbing-billy bringing the wool 
to the state of a soft weak thread, and the spinning-machine giving it 
the proper firmness and hardness for yarn. The slubbing-billy has a 
wooden frame, within which is a moveable carriage, running on lower 
side-rails on friction-wheels, The carriage contains a number of steel 
spindles, which receive a rapid motion from a long cylinder, by means 
of separate cords passing round the pulleys of the respective spindles ; 
this cylinder is a long drum of tin plate, six inches in diameter, 
covered with paper, and extends across the whole breadth of the 
carriage. The spindles are placed in a frame so as to stand nearly 
upright at about four inches apart; their lower ends being so formed 
as to act as ‘pivots, The drum lies horizontally before the spindles, 
with its centre a little lower than the line of the spindle-pulleys. The 
drum receives motion by a pulley at one end with an endless band 
from a wheel placed on the outside of the main frame, turned by the 
spinner with his right hand applied to a winch ;. and by this movement 
the spindles are made to revolve rapidly. Each spindle receives a soft 
card or slubbing, which comes through beneath a wooden roller at one 
end of the frame. A child is employed here, who brings the cardings 
from the card-engine, and places them upon an inclined cloth. These 
cardings, being drawn beneath the roller, are then caught between two 
rails, The movement then is very similar to that in Hargreave’s 


spinning-jenny ; a small portion of each carding is allowed to pass 


and paid by the slubber ; and some years ago great cruelty was said to 
be inflicted on the children by : rit r 
duty ; but the inspectorship o' 
discredit to the factory system. 7. 
In the spinning of the wool, which follows the slubbing, the kind of | 
machines employed and the general character of the processes are su 
similar to those exhibited in the cotton manufacture, that it will suffice - 
to refer to Corron Manuracture and Sprinyinc for details, with the — 
following few additional remarks. The soft cord or sliver is caused to 
pass between two pairs of rollers; the between the two pairs. 
being rather more than equal to the length of the fibres. The two 
pairs of rollers between which the sliver is compressed do not re 


farther from each other in order to stretch it, but that effect is pro- 
than the 


compressed between them at the same time, thesliver could not extend _ 


velocities of the two pai 
greater degree of stretching 
The process next following that of spinning is weaving, by which the 
yarn is worked up intoa textile fabric. If it be a plain doth, the loom 
employed is very simple in its arrangements; if it be a twillor an — 
ornamental fabric, the loom is somewhat more complex; but the 
general arrangements will be sufficiently understood by a reference to 
Weavine. Hitherto woollen cloths have been principally woyen by — 
hand-weavers; but the power-loom is every year becoming more and 
more applied to this purpose. Some of the cloths are woven as broad — 
as twelve-quarters, to allow not only for the shrinkage occasioned in 
the subsequent process of fulling, but for an edging or list, made either 
of goats’ hair or of coarse yarn, into which the ténter-hooks are thrust 
in the process of tentering. = 
As the wool has been dressed with oil before spinning, and with 
size before weaving, it becomes necessary to cleanse it from these 
impurities immediately after the weaving. This is the object ofa 
second scouring process, in which the cloth is beaten with e 
mallets in a kind of trough or mill; soap and water being letin upon __ 
it first, and then clear water. Being then carried to the drying -room, 
or the tenter-ground, it is stretched out by means of hooks on rails, 
and allowed to dry in a smooth and extended state. It is then taken 
into a room and examined by burlers, who pick out all i 
threads, hairs, or dirt. After this it is ready for the important process 
of fulling, or felting, which imparts to woollen goods that peculiarity 
of surface whereby they are distinguished from all others. A 
mass of cloth folded into many plies is put into the fulling-mill, where 
it is exposed to the long-continued action of two heavy wooden mallets 
or stocks. Superfine cloth receives four fullings of three hours each,a _ 
thick solution of soap being spread between each layer of cloth every — 
time. During the violent percussions which the cloth thus receives _ 
for twelve hours, the fibres, being at every stroke strongly impelled 
together, and driven into the closest possible contact, at length hook 
into each other by means of the little serrations on their surfaces, 
until they become firmly and inextricably united; each thread, both 
of the warp and weft, being so compacted with those that are con- 
tiguous to it, that the whole seems formed into one substance, not liable, 
like other woven goods, to unravel when cut with the scissors. This 
compacting process in the cloth manufacture is effected by beating, and 
is called fulling ; in the hat-manufacture it is effected by pressure and 
rolling, and is called felting ; but the two are clearly ‘ous in prin: 
ciple. is process thickens the cloth remarkably, but diminishes it 
‘mn » pik ee yop bagi one half. “ 
n the 8 e cloth presents a woolly and rough appearance, 
to improve which it goes through the Girccenies of t ig or raising, 
and shearing or cutting. The object of the first is to raise the ends of 
the fibres above the surface, and of the second to cut them off toa 
uniform level. The raising of the fibres is etfected by thistle- :, 
teazling-cards, or wire brushes. ‘Teazles are the seed- of the 
dipsacus follonum, having small hooked points on their They 
were formerly used in the cloth manufacture thus; a number of them 
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were put into a small frame with handles, so as to form a kind of 


curry-comb ; and this was worked by two men over the surface of the 
cloth, which was horizontally, the direction of working being 
first parallel with , and then lel with the weft. From 


the trouble required to c' the barbs of the teazles when filled 
with woollen fibres, from the weakening of their points by the water 
with which the cloth was saturated, and from the high price which the 
large demand enabled them to command in the market, numerous 
attempts were made from time to time to substitute metallic points ; 
but from various causes the teazles are still preferred, and are now 
used in a more efficacious way than formerly. The teazles are arranged 
on a cylinder in a machine called a gig-mil/ ; the cloth is stretched on 


Gig-Mill. 


two cloth-beams ; the cylinder moves in one direction and the cloth in 
another, and the fibres thereby worked or combed up. The 
annexed cut shows the section of such a machine; where the cloth, 
ing from a roller h, round the roller i, comes in contact with the 
Saat 6taths eteal a, and afterwards passes round g and / to the 
roller k ; the roller g being so regulated kif the 
m as to keep the cloth theroughly stretched ; the revolving brush 
S being so adjusted as to clean the teazling-cards c. In some machines 
the teazling-points are made of wire, to obviate the waste of 3000 
at es, which takes place in the dressing of one piece of 
When the ends of the fibres have been thus raised to the surface, 
they are next sheared or cropped, a process of t beauty and singu- 
larity. Originally this was performed by means of large hand- 
shears, the cloth being stretched over a stuffed table, and the workman 
proceeding to clip the ends of the fibres in a ip sr and equable 
manner. This was an operation requiring great dexterity; and the 
men who worked at it being in the receipt of good wages, were so 


inion n and the rack 


Cloth-shearing Machine. 
alarmed at the introduction of shearing-machines, in the early part of 


the present century, that serious riots og -urred in the west of Englond, 


But the machines became by degrees extensively employed. They 
consisted each of a pair of shears, as in the hand-method ; but all the 
movements were effected by machinéry. . More recently a machine has | 
been introduced, the action of which is regulated on a different principle, 
as will be seen from the annexed cut: 656 are disk-formed cutters, 
working against a thin bar of steel, aaa, of a semicircular form ; which 
cutters in their revolution travel round against the edge of the bar or 
blade in such a way as to shave off the filaments standing up on the 
surface of the cloth beneath. The cloth is represented by the shaded 
part. The wheel ccc, set in motion by machinery, imparts action to 
the circular cutters attached to it through the medium of the rack dd. 
It is easy to see that, whether the machine travels along over the 
cloth, or the cloth trayels along beneath the machine, every part of the 
fibrous surface is acted upon in precisely the same way by the double 
rotation of the wheel and the disk-cutters. There are other shearing 
machines in use, of equal ingenuity. 

When the cloth has been raised and sheared (which operations are 
repeated two or three times for superfine cloth), it is brushed by a 
machine consisting of a system of brushes affixed to cylinders; the 
cloth being exposed at the same time to the action of the brushes and 
of steam. A few subsequent operations are carried on, having for 
their object the imparting of smoothness, gloss, &c. to the cloth, pre- 
paratory to its being placed in the hands of the dealers. 

We have described most of the manufacturing operations in their 
simpler forms, for more ready comprehension ; but it is well to bear in 
mind that new machines and new processes are being continually 
brought into this department of industry. A meeting of Leeds 
woollen manufacturers took place in 1860, to examine a new French’ 
machine invented by MM. Tavernier and Vouillon, “to convert slivers 
or rovings, as they came from the carding-engine, into threads suitable 
for weaving, by felting and friction, without any spinning process.” 
It was declared that “ many gold medals had been awarded in France 
for the invention; that many of the machines were at work ; that no 
oil or size is necessary as a dressing; and that 30 per cent. of wool is 
saved.” So far as we are aware, this favourable description failed to 
make the intended impression on the manufacturers. Many of the 
recent novelties in the trade relate to the employment of cotton for 
warp-threads, and of rag-wool mixed with new wool for weft; a sub- 
ject briefly noticed under SHoppy Manuracture. One inventor has 
brought into use a machine called a combiner, by which, when attached 
to the carding-engine, the wool is brought off in a continuous sliver 
wound on cylinders, ready to be conveyed to the re ag a 
Mr. Archibald, of Tillicoultry, in 1858, introduced a machine for 
piecing the lengths of carded wool as they leave the carding-engine, 
and forming them into a continuous length or roving; the rolls drop _ 
into reversing channels, and thence to travelling belts, which convey 
them to a machine where they are connected into a length more uni- 
formly than in the ordinary way. Without noticing the almost num- 
berless new machines and processes, we may just mention a very curious 

rocess, patented by Messrs. Tolson and Irving, for imparting a metallic 
ustre to fine woollen cloth. The cloth, either in the yarn or when 
woven, is steeped in a solution of sulphate or oxide of copper, lead, or 
bismuth, and then exposed to steam charged with sulphuretted hydro- 
gen gas, by which a metallic deposition takes place. 

Other matters relating to the manufacture of woollen cloth will come 
under notice tly. 

Worsted or Stuff Manufacture.—The long wools for worsted fabrics, 
not being felted or fulled, pass through a series of operations different 
from those hitherto noticed ; since the object in view is rather to lay 
the fibres in a parallel position than to twist and entangle them one 
among another. All combing-wools are longer in fibre than the cloth- 
ing-wools, but they are subject to the division into long and short 
combing wools; the long, varying from six to twelve inches in length, 
being used principally for coarse worsted goods ; and the short, from 
four to seven inches, being used for hosiery and some other purposes. 

After the wool has been sorted, washed, and scoured from the adherent 
grease, and dried in a heated room, it is carried to a machine called a 
plucker, containing a pair of spiked rollers, by the action of which 
the wool is cleansed, separated, and the fibres straightened, preparatory 
to the process of combing. In hand-combing, which, until modern 
times, was the only mode followed, and which is rather laborious work, 
the proceedings are somewhat as follow :—The comber is provided 


Wool-Combs, 


with a pair of combs such as are here represented, a comb-post to 
which to attach the combs, and a comb-pot or stove for heating the 
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teeth. Each comb consists of two or three rows of steel teeth, b, one 
row longer than the other, inserted in a wooden stock or head, ¢, from 
which protrudes a handle, d, at right angles to the direction of the 
teeth. The workman first heats the teeth of one of the combs in the 
stove, and fixes it in the post, teeth uppermost. He then takes a small 
handful of wool, consisting of about four ounces, sprinkles it with oil to 
increase the pliancy and ductility of the filaments, and works it about 
between his hands to equalise the oil on every part of the fibres, The 
comber then takes half the bundle of oiled wool, and dashes it on the 
upturned teeth of the comb, till it is all deposited there, and caught 
between the teeth sufficiently firm to be retained. The comb with its 
wool is placed, points downwards, in the stove; and the comber next 
fixes the other heated comb in the comb-post, lays the other half of the 
bundle of wool on it, and places this likewise in the stove. When both 
combs with their supply of wool are properly warmed, the eomber holds 
one of them over his knee with his left hand, while seated on a low 
stool, and with the other comb, held in his right hand, he combs the 
wool upon the first, by introducing the points of the teeth of one comb 
into the wool contained in the other, and drawing them through it. 
This is repeated till the fibres are laid parallel. 
remains uncombed on the teeth, and which constitutes about one- 
eighth of the length of the fibres, is unfit for spinning into worsted, and 
is consequently applied to other purposes. In machine combing, the 
apparatus sometimes consists of two wheels of large diameter, like the 


Combing-Wheel, 


one here sketched, having wires placed round the circumference, 
parallel with the axis, and pointed at one end so as to act like teeth. 
A boy, sitting on the ground, strikes wool on the points of the teeth 
in one wheel, so as to make it adhere to and between them. The two 
wheels are then made to rotate, the distance between them being such 
that the teeth of the one can draw through or comb the wool lying on 
the teeth of the other. This is effected with great rapidity ; and when 
the combing is completed, the top or combed worsted is taken off by a 
boy or girl in a continuous sliver from the upper part of the wheel, 
while the noils or uncombed part is removed by another boy. 

When the wool has been combed either by hand or machine, it is 
transferred to the breaking-frame, the object of which is to open out 
any fibres which may have escaped the action of the combs. In this 
machine the wool, after passing: between rollers, is exposed to the 
action of a kind of endless comb, travelling round two rollers distant 
from each other; and the arrangements as to tive velocities are 
such, that the wool becomes somewhat drawn out as well as combed 
parallel, and leaves the machine in the form of a roll or narrow belt. 
The sliver of wool proceeds to a large bobbin or cylinder, round which 
it is lapped into a continuous roll. It is then passed a second time 
through a breaking-frame, having teeth finer and more closely set than 
the former. The soft woolly riband is then subjected to the action of 
a machine analogous in principle to the drawing-frame of the cotton 
manufacture ; the object being to extend the length, diminish the 
thickness, and equalise the number of fibres of the sliver. Hitherto 
the woolly fibres are merely slightly coherent, without having any 
twist ; but they are now passed through a roving-machine, preparatory 
to the process of spinning. The working parts of this machine are 
slightly shown in section in the annexed cut. The wool ing or 
sliver passes beneath a roller ¥, towards a cylinder k, the surface of which 
is studded with points or teeth. The wool, after being acted on by 
these teeth, passes between the pair of rollers a, where it is preesed by 
the upper roller being urged downwards by the weight c. Of these 
rollers the upper one is of wood covered with leather, and the under 
one of iron, fluted parallel with the axis; and the rollers being made 
to rotate faster than the feeding-roller F, it necessarily follows that 


The wool which, 


the sliver of wool becomes el: 


to a state of an pee aa \ 
while passing between them. It is then caught by a second pair | 


rollers 8, kept in close contact by the weight p; and as these rotate — 
still more rapidly than the former, the sliver is still more 
Fr A 


ly 


E 


Roving-Machine, 


rape its aoe is so small that the fibres can << oF cohen eae 
in order to give them the requisite coherent stren, ey are sli nd 
twisted by the bobbin oma fe G, that beautiful contrivance which is so. 
extensively adopted in the textile manufactures. One fork or leg of 
the rotating flyer c is hollow or tubular, and down this tube ’ 
delicate cord of wool passes; then, by the rapid rotation of the ayers . 
the wool or roving becomes wound on the spindle of the bobbin 
concentric with the flyer. The straight or rectilinear motion of the 
roving while approaching the flyer, combined with the circular motion — 
at the flyer itself, imparts a twist to the roving, sufficient to enable it 
to undergo the process of spinning. , 
The spinning of the worsted bears so close a resemblance to that of 
cotton, as described in Corron ManvuractTure, and Srrxnrne, that a 
reference to those articles will suffice to convey a general notion of the 
process. When spun, the worsted yarn is wound on a reel, and is 
thence made up into hanks of 560 yards each, These hanks receive 
denominations according to the number of them which go to a pound, — 
and the yarn derives its name in like manner: thus, No. 24 yarn has 
24 hanks to the pound. In some instances the hank is reckoned ‘at — 
840 yards, The hanks are tied up into pounds; the pounds are com- 
bined into bundles; and the bundles are made up into bales of 240 Ibs. 
each, ready for the market. \ 
Here terminate the operations of a worsted-mill; for the peg | 
the yarn, and the weaving into the various kinds of textile fabric, lead 
us to other departments of industry. [Dyxinc; Weavine.] 
The worsted manufacture, like that of woollen, has betn marked by 
the introduction of many new machines and processes within the last 
few years. Two or three of these may be briefly noticed. English 
wool is becoming less and less fitted for cloths, and more and more 
fitted for worsteds, Moreover, a length of staple, necessary under the 
old process of combing, is less needed under the modern, From both 
of these causes any kind of English wool, from three-inch staple 
upwards, is rendered available for one or other of the numerous kinds 
of worsted manufactures. Carding-machines in great variety have 
been adopted ; and the chief inventor, Mr. Lister, made an attempt in 
1855 to overturn the patent-claims for many of them, but failed ina 
court of law. Messrs. Croft and Steel’s machine, introduced at Keighley 
in 1857, has a number of combs, each forming a circular segment; 
they are fixed to the outer ends of radiating arms carried by a hori- 
zontal disc, which rotates on a vertical axis. The combs, while 
rotating, pass in front of a feeding apparatus, and have a peculiat 
combing motion given to them by means of cranks; they advance and 
retiré, rise and fall, and rotate, all at once. Each comb takes its — 
proper quantity of wool from the feeder, and carries it round to the 
drawing-off roller. There are circular brushes to clean each ) 
after its passage, and a hot chamber in which the teeth are warmed. 
The great increase in the facility of machine-combing has been one 
cause of the more rapid advance of the worsted than of the \ 
manufacture. per v3 is, that the fly-spindles, which so late as 1 
only made 2800 revolutions per minute, are now driven at the enor- 
mous velocity of 6000 revolutions. Another is, that while woollen — 
cloth, from its great width (often 9 feet before being milled), cannot be 
woven at more than about 50 picks of the shuttle minute, worsted — 
weaving is often conducted at the rate of 160 pi So great is the 
facility now offered for the use of cotton in mixed goods, or stuffs and _ 
worsteds, that out of 100 pieces of all kinds, taken indiscriminately — 
from those produced in the Bradford district, it is estimated 95 have 
cotton warps; while the total weight of the whole produce is suppose 
to be two-thirds wool and one-third cotton. One of the curious 
novelties of recent years is Messrs. Saunders and Smith’s process for 
utilising the grease resulting from the various scourings wi f 
to which the wool is subjected. Iron pipes convey the greasy water to 
a tank, whence a pump draws it up to other where it is heat 
by steam to 160° Fahr, Certain chemical substances are a 
which the creamy sud is converted into a scum and a se 
liquor between them, The liquor is drawn off as useless. — 
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and the sediment, nearly alike in composition, are drained in bags of 
ing, pressed forcibly, and made to yield an oily fluid. The fluid 
is used in making stearine, soap, and other saleable chemicals, while 
the refuse oil-cake is sold as manure. The patentees supply all the 
additional apparatus, besides buying the greasy wash at a stated price, 
Creash, or wool-waste so saturated with oil as to contain more oil than 
wool, is eagerly bought up by farmers as a powerful manure. 

- Localities and Varieties of the Trade—When it is considered that 
woollen and worsted goods differ primarily in the length of fibre, 
it is to imagine that many varieties may be produced, according 
to the extent to which this separation is carried out. The various 
modes too in which the warp and weft threads are made to interlace, 
’ as explained in Weavine, naturally lead to the production of many 
different classes of goods. These four conditions, namely, the length 
of fibre, the application or not of the felting quality, the production or 
not of a velvet-like nap or pile, and the diversities depending on the 
loom, give rise to innumerable and fancifully-named kinds of woollen 
and worsted goods. Blankets, flannels, stuffs, merinos, mousseline-de- 
Jaines, bombazines, tammies, shalloons, says, moreens, calimancoes, cam- 
lets, lastings, baize, and a host of other names, some of which are now 
nearly or quite] out of use, or are giving way to others, point to the 
diverse applications of long-wool in the production of woven fabrics ; 
while k ere and other names indicate distinctions in the felted- 
wool goods. But besides these diversities, there are others depending 
on various circumstances; such as the admixture of woollen with 
worsted, or of either of them with cotton or silk, in the same fabric ; 
the dyeing of the material, sometimes in the piece, sometimes uniformly 


: 


in the yarn, and sometimes in a party-coloured mode called clouding ; 
and the printing of devices on one surface. 4 


A few examples may suffice to illustrate this diversity. Plain lroad- 
cloth is a specimen of plain weaving, followed by the fulling process ; 
is a twi fabric, similarly fulled. Serges are 
twills, having worsted warp and coarse woollen weft. Blankets are 
made of very soft yarn, afterwards worked up into a kind of pile by 
milling; and many varieties of coarse cloth are of analogous structure. 
Bombazeen is a twilled mixture of worsted and silk; whereas Poplin is 
an untwilled mixture, showing more silk than worsted at the surface. 
Saxonies and Orleans are made of wool, sometimes mixed with 
, and afterwards printed. Stuff is made wholly of worsted; 
erino is a fine woollen twill, sometimes printed. The material 
Cashmere, if properly so named, is made of the shawl-goat wool, 
e same way as merino ; but most of the fabrics so called 
sheep's wool. Challis isa mixture of woollen weft with 
, and is generally printed. Mousseline-de-laine was originally 
but is now frequently mixed with cotton, and generally 
Norwich crape, unlike common crape, is composed of wool 
, something like challis, but without being printed. Crépe de 
is formed of worsted and silk; and Jtalian net of worsted only. 
aisteoatings, fancy-weaving adds another to the sources of diver- 
ity. Many of the above kinds are briefly described under their proper 
names in this Cyclopxdia; while a number of additional kinds will be 
found noticed under Saoppy Manuracture. 
The West Riding of Yorkshire, the most im t clothing-district 
in England, exhibits an area of nearly 40 miles by 20 occupied b: 
clothing towns and villages, Leeds, Bradford, Halifax, Huddersfield, 
Dewsbury, and Wakefield are the great manufacturing centres. Mixed 
or coloured cloths are made principally in the villages west of Leeds 
and of Wakefield ; white or undyed cloths are made 7 in the 
ee * belt of aoe! extending from near Wakefield to 
. Flannels and baizes are the principal woollen articles made in 
near Halifax, together with army cloth. Blankets are made on the 
line between Leeds and Huddersfield. Bradford provides very largely 
the spun worsted required for the various manufactures. Stuffs are 
made at Bradford, Halifax, and Leeds; and narrow cloths at Hudders- 
Saddleworth furnishes broad-cloth and kerseymeres. In the 
neighbourhood of Batley and Dewsbury are the shoddy mills. The 
West of England takes rank next to Yorkshire, and formerly took pre- 
cedence of The finest kinds of broad-cloth, from Saxony, 
Australia, Spanish wool, are made in Gloucestershire. The 
manufacture is carried on in a district called the Bottoms, and in other 
parts of the country ; the town of Stroud being a kind of centre for 
the whole. Wiltshire produces very fine cloths, at Bradford, Trow- 
We , Melksham, Chi , and the surrounding 
villages ; while cloth of various kinds is made at Wilton, Warminster, 
Heytesbury, and Calne. ‘Taunton, Frome, Tiverton, and the surround- 
ing villages constitute the Somersetshire clothing district. Devonshire 
and Dorset have little woollen manufacture. The Norfolk district was 
long the principal seat of the stuff or worsted manufacture. Bomba- 
zeens, crapes, camlets, and shawls have constituted the chief fabrics for 
which Norfolk has been celebrated. These are the three great English 
districta in the consumption of wool; to which may be added 
, where nearly all the worsted stockings are made. It 
— be _ , however, that Yorkshire, Nairos een ee 
2 , ia every absorbing a ran proportion 
the Suk once gag Wales the principal manufactures relating 
to wool and worsted are webs or high-country cloths, small webs 
or low-country cloths, flannels, stockings, socks, wigs, and gloves; the 
chief counties being Montgomery, Merioneth, and Denbigh. The 
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strong webs are used principally for workmen’s jackets, ironing cloths, 
&e. ; while the small webs are largely used for slaves’ clothing in the 
West Indies. “In Scotland the fine woollen manufacture is upon a very 
limited scale ; but a good deal is done at Aberdeen, Stirling, Galashiels, 
Jedburgh, Hawick, Inverness, Kilmarnock, and Paisley, in the produc- 
tion of various kinds of woollen and worsted goods, such as coarse 
plaiding, clan-tartans, woollen-hose, blankets, flannels, and especially 
carpets and shawls, The manufactures of woollen and worsted goods 
in Ireland are small in extent. ’ 

Different usages prevail in different counties respecting the connec 
tion between employers and employed, buyers and sellers, in the 
woollen and worsted manufactures. In the West of England the gene- 
ral plan of operation is this :—The master-clothier buys his foreign wool 
from the importer, and his English wool from the wool-stapler. He 
employs in all the different processes through which the wool passes 
in the course of manufacture, distinct classes of persons, who some- 
times work at their own houses, and sometimes in the factory of the 
master-clothier. Each workman confines himself exclusively to a par- 
ticular branch of the manufacture; and this has been supposed to 
have led to the excellence of the West of England cloth. 

A second mode is on the factory system, now extensively adopted in 
the West Riding of Yorkshire. The master-manufacturer, who gene- 
rally possesses a large amount of capital, employs a great number of 
workmen in one or more buildings, under the inspection of himself or 
a superintendent. In this system, as in the master-clothier system, 
the workman has no property in the material on which he’ is 
employed. : 

In the domestic system, which was the one originally adopted, the 
arrangement is altogether different. Under this system the manufac- 
ture is conducted by a number of small masters, who are generally 
possessed of yery limited capital, and who, besides their business as 
manufacturers, mostly occupy farms of a few acres, partly for the 
support of their families, and partly for the convenience of their manu- 
facture. The domestic clothiers have in their houses from one to four 
looms, on which they employ themselves, their wives, and children, 
and perhaps other assistants. During harvest their wives, children, 
and servants are sent out into the fields to work. Formerly these 
clothiers used to carry the wool through all the stages of its manufac- 
ture, till it was brought to the state of undressed cloth; but of late 
= they have availed themselves of public mills, which are esta- 

lished in and among the eclothing-villages, for the performance of some 
of the processes. These mills have been erected on a joint-stock prin- 
ciple, by shares of 50/. or 100/. each, principally subscribed by the 
domestic clothiers. When machinery began to be extensively em- 
ployed in the woollen manufacture, in the early part of the present 
century, the domestic clothiers became violently excited, under the 
apprehension that their trade would be taken from them by the newly- 
invented machines. A parliamentary committee was appointed to 
inquire into the probable operation of machinery in respect to-the 
well-being of the domestic clothiers; and after examining numerous 
witnesses they made a report, in which they detailed the distinctive 
features of the factory and the domestic systems, and came to a con- 
clusion that “ the two systems, instead of rivalling, are mutual aids to 
each other; each supplying the other’s defects, and promoting the 
other's prosperity.” “ Experience,’ says Mr. M‘Culloch, “ has proved 
the correctness of these conclusions. ‘The number of small manufae- 
turers, and the quantity of cloth produced by them, have both increased 
since 1806; but, as the number of factories, and the quantity of cloth 
made in them, have increased still more rapidly, the former constitute, 
at present, a less proportion of the trade.” One circumstance which has 
enabled the domestic system to maintain its ground, is, that the great 
width of woollen cloth has been a difficulty in the way of power-loom 
weaving; the hand-loom vannot compete with steam in the stuff trade, 
but it can in broad-cloth. The domestic system would nevertheless 
have succumbed, had not the clothiers prudently adopted the joint- 
stock principle for their mills. Each shareholder takes his own wool 
to the mill to be cleaned, dyed, carded, and spun; brings it home to 
weave by himself and family ; takes it to the mill to be fulled, washed, 
and tentered; and sells it at the cloth halls to merchants who employ 
dressers to finish it. 

As respects the sale of the cloth, halls have been established for this 
purpose at Leeds, Halifax, Bradford, Huddersfield, and other towns, 
which are attended on the public market-days by thousands of the 
smaller class of manufacturers. The halls are divided into long walks 
or galleries, consisting of rows of stands, each of which is marked with 
the name of the person by whom it is occupied. On these stands the 
cloth is exposed for sale; and when the market opens, the manufac- 
turers take their stations at the stands behind their goods, the mer- 
chants or buyers passing, to make their purchasers, through the 
avenues between the rows, The time during which the halls are open is 
limited usually to about one hour and a half; but in this short interval 
purchases to a very large amount are made, The cloth-halls at Leeds 
are appropriated exclusively to the use of those who have served regu- 
lar apprenticeship to the business of cloth-making. They are managed 
by trustees, and many of the stalls are the freehold property of the | 
persons who occupy them, All the cloth sold in the halls is rough 
and un Those by or for whom it is bought have what are 
termed finishing-shops, where the cloth is shorn, dressed, and fitted 
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for use. This is analogous to a system pursued by the bobbin-net 
manufacturers at Nottingham, where the net is sold by the maker in 
the rough state as it leaves the loom, and purchased by other parties, 
who singe, dress, and finish it ready for the market. 

Statistics of the Trade,—In 1789, the writer of a pamphlet on the 
subject of wool estimated the number of persons in the woollen 
manufacture at 1,500,000, and their wages at 11,737,500l. per annum. 
This estimate was obviously an o one. Dr. , in 
1774, thought that there might probably at that time be 1,000,000 
persons employed in the manufacture in England; that the value of 
the wool used was 3,000,0002 per annum; and that this value was 
increased to 12,000,000/. by the processes of manufacture. In 1800 the 
woollen manufacturers, in committee before the House of Lords, made 
the extravagant estimate that there were then 1,500,000 persons 
directly en in the manufacture ; that an equal number were col- 
laterally employed in it ; that the value of the wool used -was more 
than 6,000,000/. sterling; and that of the manufactured goods nearly 
20,000,000/. sterling. In 1815 Mr. Stevenson supposed that there 
were half a million persons employed, receiving 9,.600,000/. per annum 
wages; and that this sum, added to the value of the raw material, the 
interest on capital, the manufacturer's profit, &c., gave 18,000,000/. as 
the annual value of the cloth produced. Mr. M‘Culloch (‘Statistical 
Account’) forms an estimate on the following data :—That there are 
about 150,000,000 Ibs. of wool worked up yearly ; that this may be worth 
about 7,500,002. ; that the value of the manufactured is three 
times that of the raw wool, making therefore 22,500,000/ per annum ; 
that this value is thus made up :— 


Raw material . . 
Oil, soap, dye-stuffs, &c. 
Interest, profit, &c. . 
Wages . 


« £7,500,000 
1,600,000 

+ 4,650,000 
+ « 8,750,000 


£22,500,000 - 


And dividing this amount of wages at the rate of 26/. a year to each 
operative on an average, he arrives at the number 334,600, which he 
thinks a probable approximation to the number of persons employed 
in the woollen manufacture in this country. Mr. Chapman (one of the 
Assistant Hand-Loom Commissioners) made an estimate which 

pretty nearly with that.of Mr. M‘Culloch; although at the first glance 
the two estimates seem discordant. He thinks that, in 1831, the 
number of families directly dependent on the manufacture were— 


In the West Riding of Yorkshire . . + 85,096 
In the West of England e « « 20,851 
In Norfolk and Kendal . . , + 17,570 
In the hosiery district . . . . . 20,464 
In all other places . . . . * + 20,000 

163,981 


Then, taking the average number of persons in a family at 5}, he 
arrives at an aggregate of 874,565 persons directly supported thereby, 
He further supposes that this number must have increased, by 1841, 
to 226,298 families, or 1,218,424 individuals. Mr. M‘Culloch’s esti- 
mate is of the number of persons employed, while Mr, Chapman's is of 
the number of persons supported ; and this may explain the apparent 
discrepancy between the two estimates. As to the value of the 
manufacture, Mr. Chapman proceeds thus :—226,298 families, earning, 
on an average, 17s. 6d. per week each family, which amounts to 
10,296,559/. ; and the relation between this and the other items of the 
cost he thus states :— 


Value of wool employed . . . + £10,000,000 


Oil, dye-stuffs, soap, &,  . . « » 1,500,000 
Et ee, Re + 10,296,559 
Wear and tear, profit . . « * «© » 4,859,311 

£26,155,870 


In the last edition of his ‘Commercial Dictionary,’ Mr. M‘Culloch 
makes an estimate, which he supposes to approximate pretty nearly to 
the true figures for the year 1858. He takes the consumption of 
English wool at 110 million Ibs. at 1s. 3d, per 1b., and that of foreign 
at GO million lbs. at 2s, Then he makes up four large items thus :— 


Wool . . . e + £12,875,000 
Wages . ° ° . « « 7,725,000 
Soap, oil, dyes, &c. . . ° . -« 1,200,000 
Profit, interest, wear and tear . « « 4,200,000 


£26,000,000 


Besides 2,000,0002. worth of shoddy and mungo manufactures. So far 
as regards woollen and worsted mills, and the persons engaged in them, 
see Factories. Some writers have guessed the total value at 
50,000,0001 ; but this is only a guess. At a recent period, in a woollen 
factory at Leeds, 570 persons were found to be earning 12s. 11d. per 
» week on an average; namely, men’s av 22s. 3d.; women and girls’, 
83. ; 8’, 68. 8d, Mr. Baines, in an in the ‘ Statistical Journal’ 
for 1859, estimated that the woollen manufacturers (without the 
worsted) use up 156 million lbs, of British and foreign wool, 45 million 


hy 


Ibs. of shoddy and mungo, and cotton to the value of 200,0002.; that 

the value of these fibres is about 10,500,0002.; and that the 

oil, soap, dyes, profit, interest, rent, and wear and tear, raise the total 

value to 20,290,0002. He estimates that 150,000 

in the woollen manufactures in 1858; Mr. M‘ 

persons employed in the woollen and worsted 
ear, 


year. 

From 1725 to 1820 all the cloths made and fulled in the West Riding 
were measured and stamped by officers appointed for that 
and from the returns made, it appears that there were »in the | 
West Riding, the following number of pieces of broad and narrow cloth, 
in the years named :— 


Broad. 


26,071 
56,637 
72,575 


Broad, 
158,792 


Narrow, 
123,025 
1806 290,269 175,334 
1816 §=6325,449 +=120,901 


The woollens and worsteds e: in 1820, 1830, and 1840, had a 
value of 5,587,7581., 4,728,6662., and 5,327,8531. respectively. In 1845, 
1850, and cate ebtagy te! to mre: ig a nine to ten 
millions sterling annually, figures for the year 1860, given some- 
what more in detail, will show in what way the manufacture sub- 
7 hag! into kinds. The exports in the year just named were as 
‘ollow :— 

Woollen cloth of all kinds . . . . 579,135 pieces, 
Mixed stuffs, flannels, blankets, and carpets 93,079,584 yards, 


Narrow. 
In 1726 
1746 
1766 


= In 1786 
68,775 ’ 
78,893 


Mixed stuffs entered at value ‘ o - £493,526 i 
Worsted stockings . . oar + 272,332 dozen pairs, 
Worsted stuffs. . ° . + » 2,616,756 pieces, 

Woollen and worsted yarns . . « 245,839 ewts, ca 


T 
The value of all these exports exceeded 16,000,000. The United 
States were the largest purchasers of the woven goods; the yarn went 
in greater Crypae Aoi Germany. 

WOORARI, Wooraly, @urari, Urari. The extract of the bark of 
the Strychnos toxifera, which is used by the Indians of Guiana to 
poison their arrows. Recent investigation has shown that the 
poisonous principles of this extract are strychnine and brucine. [Nux 
Vomica, ALKALOIDS OF.] ye 

WORK, UNIT OF, The sum of the dynamical effect produced by 
a prime mover in a given time is known in books cae mechanism by 
the term of its unit of work ; but in order to be able to compare the 
relative effective values of the various motors it is customary to refer 
them to the unit of work most generally considered to represent the 
normal conditions of an artificial prime mover. In such cases the 
amount of work is taken as being represented by a weight raised 
through a definite height in the time given; and as horse-power was 
formerly the one most commonly for mechanical purposes, the 
custom has arisen of comparing the efficient power of machines in pro- 
portion to the units of work they can perform, each of which units is 
equal to the unit of work performed by a horse supposed to raise a 
weight vertically. Writers upon physics are far from being unanimous 
as to the real value to be assigned to the horse-power ; but in 
it is generally considered to be equivalent to a weight of 33,000 Tbs, 
siteot one foot high in a minute; or to 550 lbs, raised 1 foot in a 
second ; and that unit of work is adopted as the term of comparison — 
in the majority of cases when the powers of steam engines are com- 
pared. In the case of the pumping engines of the Cornish mines, the 
unit of work is made to refer to the weight of water actually raised by 
the combustion of a hundred weight of coals, and the unit of wi 
technically known in that district by the term, “ duty.” . 9 

Of a a amount of work hones any prime mover must — 
vary under ever varying conditions of practice; and especially 
when men, horses, or other animals, are employed must the effort oy a 
can exert depend upon individual constitution, and upon tal 
circumstances. The units of work nes, apa the respective motors: 
mentioned below must, therefore, only be considered to represent a — 
rude kind of average in each instance, and particular attention must 
paid to the fact that there is for all of them a velocity of the point 
application of the power, an effort, and a duration of that effort, 
which are the most favourable for the useful effect. The a unit | 
of work may often vary from } to { above or below the quantities — 
cited, according to the age, or the health, of the animal motors, or to — 
the climate in which they work. The table is extracted from — 
Poncelet’s ‘ Mécanique Industrielle.’ ‘7 

The unit of work of steam engines, the horse-power, has long ceased 
to have any real meaning, for the real power, as ed by the 
dynamometer, is invariably in excess of the nominal horse-power of the 
engines. The common rule for calculating the nominal power of 

ines, whose pistons move at the velocities prescribed by Watt’s rules, — 
is however as follows: multiply the square of the diameter of the 
os in inches, by the velocity of the piston, in feet, and divide 

e product by 6000; the product will be the number of nominal horses’ 
is formula does not include any term expressing the 
expansive power of the steam, it must evidently be te 


the real power may be ascertained by means of the indicator eg 
‘(this ig 


+ 


power. As 


Multiply the area of the piston by the residual pressure, after de 
for the friction and the loss of power in working the air pump 
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usually 14 Ibs.), and b Sea rere enna 39, feb pee mainte; 
the product divided by 33,000 will represent the real effective horse- 
power ied to the main shaft. In both these cases, the unit of work 
of the power is taken at 33,000 Ibs. raised 1 foot high 


per 
minute. In Watt’s time this amount of work could only be secured | coal 


by the combustion of about 16 Ibs. of coal per horse-power hour ; 
at the present day, in ordinary condensing engines, only from 7 to 8 Ibs. 
are required ; whilst in the best expansion-geared engines with surface 
condensation the same result is obtained by the combustion of 2 lbs. of 


‘ Weight | Velocity |Unitofwork| Le™8th of | otal work 
Description of Work. raised. | per second. | per second. dae in a day. 
Ibs. feet. Tbs. x ft. hours, Ibs. x ft. 
Aman iting an easy stai , or an incline, without a load, 
his work consisting simply in moving the weight of his own 
I cals ip a raw 0 table Sing acid atk pale hi Saas .| 143 0-5 715 8 2,059,200 
A man raising weights by means of a cord and pulley, which 39°6 0°66 26°53 
renders necessary the return of the cord withoutaload . . say 0°67 6 578,048 
A man raising weights by his hands . : . . . F 44 0°56 24°64 6 532,224 
Aman carrying a weight on his back up an easy incline, and 
returning withoutload . . . . . . ° - 143 O13 18°59 6 401,544 
A man raising materials bya wheel-barrow, on an incline of 1 in 
12, returning unloaded . . . . . . . F, 132 0-065 8°58 10 308,880 
A man throwing earth by a spade a height of 5 feet 4 inches . 5°94 1 ra eee } 3-98 10 143,280 
A man working a pin-wheel or a drum— 
Ist, at the level of the axle . - 4 e 132 0°5 66 8 1,900,800 
Qnd, at bottom of wheel . 98. st lel 262 2°34 61°8 8 1,779,840 
A man walking and pushing, or drawing horizontally, in a con- 
tinuous manner. . . . . . . . . 26°4 2 52°8 8 1,520,640 
A workman acting upon a winch . . . . * ee 17°6 2°5 44 8 1,267,200 
A workman pushing and pulling alternately in a vertical direction| 13°2 2°5 29 10 1,044,000 
A horse harnessed to a carriage going at a walking pace . . 154 3 462 10 16,632,000 
> es A “i atatrot . Ah 96'8 7722 699 4:5 | 11,323,800 
A horse in a mill, at a walking pace . al ie meee 99-0 3 297 8 8,553,600 
- teneo oF Be ee E 66°0 6°56 433 4°5 7,014,600 
An ox ina mill, ata walking pace. . eae. isk 2 264 8 7,603,200 
Mole ~ 3 = = z 66 3 198 8 5,702,400 
Donkey Pi é ; : eet 30°8 2°67 82°24 8 2,368,512 


of two kinds, in-door 


appear 
of a bridewell. In the reign 


a sermon 
workhouse at Hamburg, one of the 
f the kind in Europe, is still called the Correction 
The Canterbury Local Act, passed in 1727, 
bridewell and workhouse to be kept up within the 
x Se only separated under an act in 


S 


a b 
the great objects of the 43 Eliz., c. 2, the foundation of our 
present poor-laws, was to provide empl t for the destitute. The 
and justices of the peace were di to set to work children 
whose parents were unable to maintain them; and also adult persons 
who had no means of maintaining themselves, and who used no 
ey and daily trade of life; for which purpose, with the fund 
raised for the relief of the poor,a convenient stock was to be purchased 
flax, hemp, wool, thread, iron, and other ware and stuff. The 43 
Eliz, also authorised overseers and churchwardens to build cottages on 
waste land for the poor to inhabit, and to place inmates, or more 
families than one, in one cottage or house, such cottages or houses to 
be used thereafter only for the poor. Workhouses in former times 


were generally called houses of industry, and for the most part a profit 
was to be derived from their labour, at any rate, to the extent 
of such institutions in some measure self-supporting. The house 


in such cases became a linen or woollen factory ; or sacks, nets, and a 
variety of other articles, were manufactured. Sometimes land wasrented 
and the inmates of the workhouse were employed in 
labour. The final extinction of poor-rates was regarded as 
a not impossible result of these sch of workh ind aeaen 
1704, when the popularity of these schemes was at its height, Foe 
clearly pointed out their inevitable operation, and especially their 
on independent labour; but he was scarcely heeded. Nearly a 
afterwards housea of industry.were erected in Suffolk on a 
than had previously been attempted. Instead of being 
test of destitution, these houses were intended to provide 
all the unemployed. 
the passing of the Poor-Law Amendment Act, in 1834, 
poor-houses (or wor! aor ewer generally speaking, only 
necumulated instances of mal-administration. Absence of classifica- 
_ tion, , and employment, and extravagant allowances, rendered 
them nurseries of ‘:pauperism and vice, Some of the cases of 
ARTS AND SCI. DIV. VOL. VIII. 


workhouse corruption would be ludicrous, had they not exhibited 


large almshouse, in which the young 
were trained in idleness, ignorance, and vice; the able-bodied main- 
tained in sluggish and sensual indolence ; the aged and more respectable 
exposed to all the misery that is incident to dwelling in such a society 
without government or classification; and the whole body of inmates 
subsisted on food far exceeding both in kind and in amount not 
merely the diet of the independent labourer, but that of the majority 
of the persons who contributed to their support. By 30 Geo. IIL, 
c. 49, passed in 1790, the right of visiting any workhouse at all times 
of the day was conferred on justices of the peace and clergymen ; 
and on their representation the overseers were liable to be summoned 
at quarter-sessions, when the justices could make orders and regulations 
for the remedy of any defects in the workhouse management. The 
chief recommendation of the Commissioners of Poor-Law Inquiry in 
1834 was to wnite parishes for better workhouse management, and the 
relief of the destitute poor. This is the origin of the Poor-Law 
Unions. As soon as the Poor-Law Commissioners were appointed, 
they directed their attention to the uniting of parishes into unions for 
the of the administration of relief by boards of i 
elected by the ratepayers, and to the general adoption of the work- 
house beyond oe boca — 2 the biases el of 
pauperism, or the establishment of independent its amongst 
the labont ioe classes, they said, was founded on the workhouse Fad 
Out-door relief to the able-bodied poor is now prohibited in all those 
tunions which have efficient workhouse accommodation,—with the 
following exceptions. 1. Where the destitute poor shall require relief 
on account of sudden and urgent necessity. 2. Where he or she shall 
require relief on account of any sickness, accident, or bodily or mental 
infirmity affecting him, or any of his or her family. 3. ere he or 
she require relief for the pu of defraying the expenses, 
either wholly or in part, of the burial of any of his or her family. 4. 
Where the person, being a widow, shall be in the first six months of 
her widowhood. 5, Where the person shall be a widow, and have a 
legitimate child or children dependent upon her, and incapable of 
earning his, her, or their livelihood, and avd no illegitimate child 
born after the commencement of her widowhood. 6. Where the 
person shall be confined in any jail or place of safe custody. 7. 
Where the person shall be the wife or child of any able-bodied man 
who shall be in the service of her majesty as a soldier, sailor or marine. 
8. Where any able-bodied person not being a soldier, sailor or marine, 
shall not reside within the union, but the wife, child, or children of 
such person shall reside within the same, the Board of Guardians, 
according to their discretion, may, subject.to certain conditions, afford 
relief in the workhouse to such wife, child or children, or may allow 
out-door relief for any such child or children being within the nge of 
nurture, and resident with the mother within the union. These 
exceptions may, however, in special cases be further extended, with the 
sanction of the Poor-Law Board previously obtained. In all other cases 
the ians may grant relief either in or out of the workhouse ag 
they may deem expedient under the circumstances of each on 
v 
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Workhouses are governed under the rules and regulations which are 

contained in the consolidated order of the Poor-Law Board. Paupers 
&re admitted to them in one or other of the following modes :-—1. 
a written or printed order of the Board of Guardians, signed by their 
clerk. 2. By a provisional written or printed order, signed by a 
relieving officer or an overseer, 3, By the master of the workhouse 
(or during his absence, or inability to act, by the matron), without any 
order, in any case of sudden or mt necessity, The paupers are 
divided into the following classes :—1. Men, infirm through age or any 
other cause, 2. Able-bodied men, and youths above the age of fifteen 
years. 3. Boys above the age of seven years and under that of fifteen. 
4. Women infirm through age or any other cause. 5. Able-bodied 
women, and girls above the age of fifteen years. 6, Girls above the 
age of seven years and under that of fifteen. 7. Children under seven 
years of age. The following officers are appointed for each workhouse, 
except in the case of very small workhouses, when some of the offices 
are combined—namely, a chaplain, medical officers, master, matron, 
schoolmaster, schoolmistress, porter, and nurse, with such assistants as 
may be deemed necessary. These officers are all appointed by the 
boards of guardians of the respective unions; and they are paid 
adequate salaries by the guardians, subject to the approval of the Poor- 
Law Board ; and, with the exception of the two first, in addition to 
their salaries, are allowed board and lodging in the workhouse. Though 
the officers are appointed by the boards of guardians, unless they volun- 
tarily resign they cannot be removed except by an order of the Poor- 
Law Board. For detailed information regarding the government of the 
workhouse, that is, the admission of paupers, their classification, dis- 
cipline and diet, punishment for misbehaviour, and the duties of the 
workhouse officers, the ‘Poor-law Board Orders,’ edited by W. Cun- 
ningham Glen, Esq., Barrister-at-Law, should be consulted. 

There are 623 unions and parishes under separate boards of guardians, 
and in which relief to the poor is administered under the provisions of 
local acts of parliament, all of which, with the exception of about ten 
unions, have workhouses capable of accommodating from a compara- 
tively small number up to 3500 paupers (in the Liverpool workhouse), 
which is the largest number allowed in any one workhouse. There 
are 708 workhouses in England and Wales, and the maximum number 
of paupers to be admitted at any one time into each workhouse is in 

case limited by the Poor-Law Board; the total accommodation 
afforded by all the workhouses provides for about 218,000 persons, 
besides accommodation for the officers of the establishments. 

The following are the numbers of paupers of the respective classes 
who were maintained in the workhouses in England on the Ist July, 
1860, and Ist January, 1861, respectively :— 


July 1,1860, Jan.1, 1861. 

Males . ° 3,260 7,589 

Able-bodied .{ Females . - « 9,848 15,813 * 
Children ry » 12,142 19,441 
Males. . 23,047 29,227 
Not able-bodied { Females : . 18,927 21,735 
Children . » « 25,544 28,480 
Lunatics, insane { Males . . « 8,344 8,512 
P , and ¢ Females . - « 4,646 4,837 
idiots, Children ; 819 827 
Vagrants . . ° . . oy om Abe 1,179 
Total . . . . 102,223 132,140 


Under ordinary circumstances, therefore, the workhouses are onl 
about half full, and the excess of accommodation provided is reserv: 
to meet any extraordinary pressure that may occur. 

During the year ended the 25th March, 1860, the total expenditure 
out of the poor-rates in and connected with the relief of the destitute 

r, amounted to the sum of 5,454,964/. 7s., and of that sum 
12,3601. 7s. was expended in the relief to the poor in workhouses ; 
but to that sum must be added the cost of the workhouse establish- 
ments, including the salaries of the officers, to arrive at a correct 
estimate oe the cost of rene ae vg 4 items, hbk SC 
not se distinguish: m the cost of the union salaries gene- 
rally whiah dining the year referred to amounted to the sum of 
644,7991. 9s. Taking the whole of the workhouses, the average cost 
of maintaining each per therein averages about 3s. 2d. per week, | 
which is the cost of f clothing, and necessaries charged to the 
in-maintenance accounts ; the cost of the food being about 2s. 11d. per 
week, and of the clothing and necessaries about 3d. per week for each 
per. In some workhouses, however, the cost is much higher, and 
=p. -on considerably less than those amounts, 

The cost of erecting the Liverpool workhouse, which is the largest, 
amounted to upwards of 120,000/. Some of the smaller workhouses 
cost as low as 15001. building, but taking them altogether, the av: 
cost of each may be stated “at about 8000/,; so that, there being 708 
workhouses, the total cost of these buildings may be taken as repre- 
senting the sum of five millions and a half (exclusive of interest), which 
sum was raised by loans secured upon the poor-rates, repayable by 
annual instalments, including interest, in periods varying from ten to 
twenty years. ‘ 

Further on the subject of the poor-law statistics the reader is 
referred to the paper on the ‘ English Poor-Rate,’ by Mr. Frederick 


Purdy, in the ‘Journal of the Statistical Society of 
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WORMS, HUMAN, The body of man, like that of the lower animals, 
serves as a locality for the residence of several of the lower forms of _ 
animals which are known by the name of worms. These creatures _ 
all belong to the lower forms of the annulose group of animals, and are’ 
sometimes grouped to, under the name of absent (Ewrozoa, in 
t 


Nar. Hist. Div.]. This is not, however, a philosoy my ses ‘ 
as pany snimele belopyek ane mec in point of structure have not 
necessarily parasitical its. Another reason for getting rid of the — 
term Entozoa will be found in our present knowledge of the history of © 
the development of some groups of these creatures, as there is on 
to believe that do not pass all their existence within the bodies o 
other animals, most important observation made with regard to — 
these animals in modern times, is the identity of those forms of 5 
called cystic, with those which have been called cestoid. 
The researches of Siebold, Kiichenmeister, Leuckart, and Rai 
have now placed this matter beyond a doubt. The history of 1 
common tape-worm (Zenia solium) of the human body may be taken — 
as a type of the whole. The of this worm are contained in tl 
segments of the mature worm, which are called proglottides, [A 
mintics.] These eggs, in order to their future growth de 
ment, must be swallowed and submitted to a process of digestion 
some other animal before they reach maturity. This process 
occur in many species of animals, but that in which it takes place n 
commonly is the pig. In the intestines of the pig the egg becomes 
embryo, which is supplied with six hooks, by means of which itp 
trates the tissues of the intestines, and entering the blood-vessels 
carried by the current of the blood to the various organs of the bo 
This embryo having reached a place of rest, is developed into the o} 
worm known by the name of Cysticercus cellulose. This form o e 
worm is well known, and produces in the flesh of the pig that appear- — 
ance which is called in the markets “measly pork.” Here it remains — 
and dies, unless the flesh containing it is eaten by some other animal. 
When eaten by man and submitted to the process of digestion, ve 
c worm is further developed. In the cyst there is a pad 
e “ Scolex head,” supplied with suckers and hooks, adapted to ‘ia 
hold of the mucous membrane of the intestines, which, when ef 
results in the growth of those segments which are known as t 
characteristic of the tape-worm. “ The scolex head is now the head 
the tape-worm, and the segments are the proglottides which contir 
increase, and eventually each segment is developed into a sexual 
containing both the male and female organs of generation, and the eg 
are produced. These facts have been well establi experimen 
made by both Von Siebold and Kiichenmeister, Man is also sub, 
the attack of cystic worms, Echinococcus, &c., which attain their n 
development in other animals. The following is a classification ¢ 
worms at present known to inhabit the human body :— 
Division AnnuLosa. 
Subdivision ANNULOIDa. 
Order ScoLuctip2:. 
Section PLatyetmta—Flat worms. . 
rie aaig ete fees yt » 


Tenia nana. - 
Tenia? (Cape of Good Hope.) wy 
List or Mature AND Immature Worms, anv THere Hapirats. 


| Immature State, Habitat. Mature State. | Habitat, 
TENIADA. :. 
Oysticercus cellulose .|Pig «gs. Tenia solium . 
0. fasciolaris . ° -|Rat, mouse . ./7. crassicollis . . 
0. pisiformis . + «Rabbit . rs .|%. serrata vera, 
gat Sheep, horse, T. ex cysticerco 
C. tenuicollis . MY y { monkey, man { tenuicolli , 
C. innominatus Hyperdei Mole, field-mouse .| 7, tenuiicollis ‘ 
C. longicollis Hyperdai ! oe T. crassiceps . | 
Oanurus cerebralis ,  .|Sheep, ox » |Z. canurus , A 
Echinococcus veterino- 
MCE Man, ruminantia .| 7. echinococcus se, 
Koch.) 
E. hominis . 
ag aly Man, domestic an. | 7, echinococcus ait.) 
iN f ; 
TREMATODA, 
Cercaria . Py .|Fresh water mussel Distoma hepaticum 


The tape-worms of the lower animals have the same origin with t 
man, and their history has now been traced ina large number of an ; 
Thus, the dog is liabl e to the attacks of a tape-worm (Zienia ceenurus) 
The egg of the 7’. canurus, on being swallowed by the sheep, p 


ois WORSTED MANUFACTURE. 


WOUNDS. 1014 


a cystic worm in its brain, which has long been known by the name of 
Cenurus cerebralis. This in the sheep ; 


cystic 
of the rat or mouse, and is known to naturalists under he name of 
iss Even the Trematode worms 


ees pr ype i 
eae connected with a diseased state 
of the body, 

noo Paget 
will exi 


7 


y i 
indicative of health, and a negro 
valued “pst ba es It is often observed that 
jects of tape and other worms for 
become aware of the existence 
there can be no doubt that 


the Sydenham Society by Dr. Lankester), gives the following account 
in which tape-worms were sDOeD 
: suffered from cerebro-spinal affections and 


ine 
ie 


nounced as undoubted ptoms of worms, as they may all result 
from other kinds of ‘The o sign that can 
be relied on without doubt, i is the of the proglottides, or 
portions of the worm, from the bowels. being witnessed, the 


The remedies recommended for cestoid and other worms are 
general health is bad it should be improv 
ere are, however, certain remedies which act in an especial manner 
bisa Mga intestines which should always 


tks chen 2 or enfeebled, and thus act as 
of these is oil of turpentine. It has been 
grt on thi in Great Britain ; and Kiichenmeister, whose thoy i is 


stem and sometimes Papresciag aes medical men try 
lier remedies first. prescay megranate-bark, 
and camelea, are Bat ot has undoub' proved of ser- 
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WoUL! APPARATUS. be 3 ve sa pagoda with several 
modifications, this apparatus is much employed in operations. 
The arrangement, first described by its near in the ‘ Philosophical 
Transactions, is inconvenient in form; we shall therefore give a 
description of one of several improvements to which it has been 
subjected. A retort a (fg. 1.) is attached and secured by means of 
lute to the first receiver , which has a right-angled glass tube, open at 
both ends, fixed into its tubulure; and the other extremity of the 
tube is made to terminate beneath the surface of distilled water, con- 
tained, as high as the horizontal dotted line, in the three-necked 
bottle c. Pipette nee % ‘is bobbie.» sepend pips pecseeds 
ack oe oe contained in me ara 


it till saturated. When the water of the first bottle can absorb no 
more, the gas passes, uncondensed, through the second right-angled 
tube into the water of the second bottle, which, in its turn, becomes 
saturated, Any gas that may be produced, which is not absorbable by 


& expees 
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water, escapes through the vent-tube e, and may be collected, if 
requisite, in an air-jar filled with and inverted in water in the pneu- 
matic trough. This is represented in fig. 2 by f, f, and g. 
Supposing the bottles to be destitute of middle necks, and con- 
| toe int without the perpendicular tubes, the process would be liable 
interrupted by an accident; for if, ini consequence of diminished 
temperature, an absorption or condensation of gas should take place in 
the retort a, and of course in the balloon b, it must necessarily ensue 
that the water of the bottles cand d would be forced by the pressure of 
tic | the atmosphere into the balloon, and possibly into the retort, which might 
cause a gerous explosion ; but, with the addition ot the central 
tubes, a sufficient quanti of air rushes through them to supply 
any accidental vacuum, inconvenience, however, is still more 
effectually obviated by Welther’s tube of safety (jig. 2) b, which super- 
sedes the expediency of three necked bottles, The apparatus being 
adjusted, a —_ quantity of water is poured into the funnel, so as to 
about half fill the ball 4. When any absorption happens, the fluid 
rises in the ball till none remains in the tube, when a quantity of air 
other hand no gs in and supplies the partial vacuum in a. On the 
no gas can escape under circumstances ; because 
y pressure from within is instantly followed by the formation of a 
hish column of liquid in the perpendicular tube, which resists the 
egress of the gas. 

We have -already observed that various modifications of this appa- 
ratus haye been proposed, an account of which may be seen in 
different chemical treatises: the above description is taken almost 
entirely from Dr. Henry’s ‘ Elements.’ 

WOUNDING. [Man] 

WOUNDS, in Surgery, are solutions of the continuity of the soft 
parts of the body effected by some external agent, and attended with a 
greater or less amount of bleeding. Wounds in their 
according to the kind of instrument by which they have been pro- 
duced, as well as the greater or less amount of force with which it ret 
been applied. In order to facilitate the deseri, Pe of treatment, surgi- 
cal writers have divided wounds into sev kinds, Thus they are 
spoken of generally under the terms incised, punctured, contused, 
lacerated, poisoned, and gunshot wounds, Wounds of particular parts, 
requiring treatment, are also described, as of the head, throat, 
chest, &c. 4 

Incised wounds, cuts, or incisions are produced by cutting instru- 
ments, and are free from contusion and eg oe Punctured wownds, 
or stabs, are caused by pointed weap ts, | nails, 
thorns, &c., penetrating deep into the flesh. cues’ and lacerated 
wounds are produced by the violent application of hard blunt and 
obtuse bodies to the soft parts; and under this head might be included 
Large wounds. Poisoned wounds are those which are complicated 
with the introduction of a poison into the wounded part. Wounds — 
are more or less dangerous according to the extent of soft parts they 
involve, the parts they occur in, and the state of health of the a 
vidual wounded, In small wounds, unless ed, the system 
rally suffers little in consequence; but hen cilaigwadienah kale 
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Incised Wounds.—The eflect of a cut on any part of the body is to 
produce a gaping space, from which blood in most cases issues, and 
pain is felt. The blood arises from the blood-vessels of the part having 
been cut through or wounded, and the pain is caused by a similar 
injury to the nerves. The amount of blood that issues from a wound, 
as well as the pain, will always depend upon the nature of the part 
which is injured. Some parts of the body are very copiously supplied 
with blood-vessels which have few nerves, and vice ; 80 that 
neither pain nor bleeding is constant according to the size of the 
wound. The immediate danger of incised wounds does not so much 
arise from the extent of parts divided as upon the kind and size of the 
blood-vessels which are injured. Thus extensive wounds may occur 
on the back and other parts of the body without producing sufficient 
hawmorrhage to endanger life, whilst a small puncture of the jugular 
vein or femoral artery might speedily occasion death. The integrity 
also of some parts of the nervous system is so essential to life, that the 
slightest wound will produce an immediate cessation of the functions 
of the body. Thus a small puncture of some parts of the brain, cere- 
bellum, and spinal cord will cause immediate death. The remote con- 
sequences of wounds also vary in some measure with the kind of tissues 
and the organs wounded. Wounds situated near moving parts some- 
times never heal. Wounds of tendinous and ligamentous structures 
do not heal so rapidly as those of muscular and other tissues; and 
pm it is that wounds of the joints are frequently healed with great 

ifficulty. 

The amount of gaping of a wound depends on the kind of tissues cut 
through. The skin is elastic; and thus, whenever it is cut through, 
the wound by reason of its elasticity. Where there is much 
cellular tissue the wound does not gape so much, as this tissue is not 
elastic. Wounds of muscles differ: if the cut is in the direction of 
their fibres, then the wound gapes but little; but if it be across the 
fibres, then, owing to their contractile nature, the wound gapes very 
considerably. Wounds may be also made to gape or to close their 
edges, according to the state of flexion or extension of the muscles 
under the part in which they are situated. 

The vessels injured in incised wounds are either arteries or veins, and 
each require attention from ‘the surgeon, as the bleeding from them 
requires somewhat different treatment. When an artery is wounded, 
there is an immediate retraction of the ends of its middle and internal 
coats within the outer or investing coat, and also a contraction of all 
the coats so as to diminish the calibre of the artery. Blood flows from 
both ends of a divided artery, but always in greater quantity from the 
orifice nearest the heart. The blood from an artery can easily be dis- 
tinguished by its bright red colour and by its coming out in jerks, 
When a cut artery is left to itself, the effusion of blood is great, but 
the flow becomes less and less profuse, and in passing over the rough- 
ened surface of the external sheath, from which the two inner coats 
have been separated by retraction, particles of the blood adhere to its 
loosened filaments. These particles keep increasing in number, till at 
last the whole space between the end of the external sheath and the 
ends of the two retracted coats is filled up, the blood having formed 
there a firm coagulated mass. When this process is completed, the 
men from the artery stops. This mass of coagulated blood is 
called the external coagulum, but the same process is carried on within 
the retracted inner coats of the divided artery, and the coagulum is 
continued up to the point at which the artery gives off one of its 
branches. This lum terminates with a conical extremity in the 
middle of the tube of the artery, and is called the internal coagulum. 
The blood also which is effused outside the artery altogether coagulates, 
and to some extent may assist in the natural process of arresting the 
hemorrhage. But these coagula of blood would not be sufficient alone 
to restrain the hemorrhage; another process follows, which perma- 
nently effects this. This consists in the effusion of lymph from the 
parietes of the artery itself. This lymph fills up the entire extremity 
of the artery, and is first deposited between the external and internal 
coagula, but it goes on increasing till at last it occupies their position, 
the coagula are absorbed, and the lymph, becoming eventually organised 
by the development within its substance of blood-veesels, forms a part, 
as it were, of the artery itself, and connects it more or less with the 


su parts, 

When an artery is only partially divided or punctured, a somewhat. 
different process takes place. Blood is effused between the artery and 
its sheath, both above and below the wounded part. In consequence 
of this the artery is distended, and a difference in the relative positions 
ofthe internal coats and the sheath takes place, and the blood coagu- 
lating is confined by the sheath over the wounded part of the internal 
coats. Lymph is effused as in the former case, and the cure is only 
effected by the obliteration of the artery. 

When the veins are wounded, the blood which is poured out is of a 
dark colour, and comes not by jerks, but in a uniform stream. There 
is not so much from the bleeding of a vein as an artery, and it 
is much more easily stopped. When a vein is cut through, the oppo- 


y | Site ends are closed by blood and the subsequent isation of 
as in arteries. If only slightly punctured, and Tongitudinally, reins 
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i the common operation of venesection, When 
veins are wounded obliquely or transversely, the wound is closed bya 
coagulum of blood, arid the lips of the wound secrete lymph, wi / 
eventually becomes organised, and blocks up the whole vein. Eventu- 
ally the coagulum thus formed is absorbed. This ive process 
is much longer in taking place than that which occurs in arteries under _ 
the same circumstances. > 
Treatment.—In the treatment of incised wounds the objects in view 
are, first, to arrest the hemorrhage ; secondly, to remove all om 
bodies that may have been introduced into the wound; and, y 
to ates bs ue of the be Mee . aoe 
e arrest of bleeding is easily accomplished by bringing the edges 
of the wound together, in superficial wounds, Ba roe where no 
large arterial or venous tru 
vessels have been injured, other means will be found necessary. 
ingui than 


but the principal trunks of the arterial and veno 
eee aie 


arrest it is to compress the trunk of the artery which supplies the part. — 
This may be done by means of the tourniquet [Tounniquer], or a 
bandage so constructed as to press down upon the artery. The cireu-_ 
lation of the blood in the arterial trunk being arrested, the hemorrhage _ 
from the wound will in a great measure cease. Compression however _ 
can seldom be used for a sufficient length of time to act asa curative _ 

agent in stopping the flow of blood. In the first place, although 

pressure by bandage may stop the supply of blood through the enn : 


arterial trunk, it will not stop it through d ; and, 
by arresting the return of the blood by the veins, it may, under certain 
circumstances, tend to increase the bleeding. Even when circum- 
stances are most favourable, the tourniquet and are likely to 
get displaced, and thus to suffer the return of the bl . ‘ 

The most important of the means of stopping bleedi wounds — 


is the ligature, This consists in seizing the wounded ends of the artery _ 
with a pair of forceps, or passing through it a tentaculum, and then 
tying up the artery in the same way that the mouth of a full sack is — 
usually tied. For this operation all the skill that is required is ana- 
tomical knowledge. - Care should be taken, whilst the ‘y instru. 
ments are being prepared, that the bleeding is prevented by re 
on the trunk of the artery, or by placing the finger over the Pieeding _ 
orifice itself. The Sirvens which are mostly used on this occasion are 
the common dissecting forceps, but Mr. Liston recommends a pair of 
forceps with hooks at their points, and which, after having ithe 
rE 3 eae se pf = of a button or hook. “When no 
assis is at hand, and in cases of emergency, the surgeon vided 
with this little instrument, can tie vessels without the least Ificulty ; 
and in operations, when many vessels spring, several of these f 
can be applied: there is, besides, this great advantage in their em- 
ployment, that a clumsy assistant can scarcely include the point of the 
instrument with the vessel.” (Liston.) The immediate effect of a 
tightly-drawn ligature is to arrest the flow of blood, to divide the 
middle and internal coats of the artery at the ligatured part (the exter- 
nal sheath remaining entire), and to narrow the canal for some extent 
above the ligature. The same process of cure goes on then as when 
ee “aa! heals spontaneously. ee: 
er means of arresting hemorrhage are sometimes employed, such - 
as the application of styptics [AstrivGEnTs], sponge, the E cautery, fi 
caustics, &c, These, however, are seldom advisable in the case of in- _ 
cised wounds. There is, however, a popular prejudice in favour of 
applying various styptics to cuts for the purpose of stopping the — 
bleeding, and it cannot be too generally known that all these ca 
tions are injurious, and tend to retard the cure; and that in some 
instances loss of life is the consequence of these applications to wounds 
that would have got well had they been left to themselves, [HaMmo- 
RRHAGE; ARTERY ; Heart, ] 4 
The second indication in the treatment of incised wounds is the _ 
removal of foreign bodies. Unless all extraneous substances are 
removed from a wound, its union will not be effected, and suppuration, 
abscesses, and perhaps sloughing, will occur. It is in gunshot wounds 
that this indication requires the greatest attention, but aaage bodies — 
are occasionally introduced into incised wounds. [GunsHor Wounps.] _ 
Wounds from broken china, glass, and earthenware frequently have 
fragments of these substances in them. Sharp instruments are fre- 
quently covered with dirt and various impurities; hence the 
ance of cleaning even incised wounds. John Hunter stvocntel tia 
leaving blood on the edges of the wound, as he supposed it was the — 
blood that became organised and united the wound; but this is now. 
found to be erroneous, and all surgeons advocate the practice of 
removing as much of the blood as possible from the wound. _ 
The third indication in the treatment of incised wounds is to bring 
the edges of the wound together, and to retain them so in such a man-_ 
ner as shall favour their speedy union. Wounds may unite fata 
ways—either by the establishment of an inflammation, the result of 
which is the secretion of pus, and the formation of what are called 
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, that to heal a wound as quickly as possible should be 
ject of the surgeon, this universal rule amongst English 


bandages, compresses, and a variety of other appliances were 
use of to prevent nature from effecting the object in her own 
- The remnants of this practice are still found amongst the popu- 
lace country and some surgeons on the continent. Amongst 
the latter, M. Roux, of Paris, has distinguished himself by advocating 
the cure of wounds made in surgical operations by bringing on the 
tedious process of ulation. 

has ceased to ooze from the sides of a wound, an 
ph takes place of a plastic character. Into this lymph 
vessels are projected by the of growth from the sides of the 
organised union of the whole wound will frequently 
course of forty-eight hours. .Even the extent of sur- 
by amputation of the thigh is often securely united 
whole extent in the space of seventy-two hours. So 
readily does this process occur, that there are many instances on record 
of parts of the body having been totally severed, and yet union by the 
first intention has taken . Garengeot, in his «raité des Opera- 
tions,’ mentions a case in which a soldier’s nose was bit off by one of 
his companions, and, being restored to its natural position immediately, 
a permanent union of the separated part was effected. Fioraventi, 
Blegny, Balfour, Bossu, and o , have also recorded instances of the 
restoration of entire union of parts after total separation by accident. 
Hunter transferred the spurs of a cock to its comb, and the testicles of 


: 
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a cock into the abdomen of a hen, and found in each case that vascular 
union took place, and the vitality of the transferred part maintained. 
These instances only illustrated the restorative nature of the process 


union by the first sk rig is not —_ that parts barks after 
Gorell Gentle ayantty to cen small vascular connection being pre- 
served, tends greatly to render this process more likely to occur; and 
recorded of fingers and toes being nearly sepa- 
rated, and afterwards uniting by the first intention. One of the most 
remarkable examples in which the surgeon avails himself of a know- 
ledge of this fact, is in what is called the Taliacotian operation. In 
this operation a new nose is made by paring the edges of the destitute 
part, and cutting a pyramidal piece of skin from the forehead, its union 
with the rest of the skin still being maintained at the point, and bring- 
ing it down upon the face in the form of a nose, when it unites with 
edges, and a decent substitute for the lost member is thus 
uced. [Tattacorrus, Gaspar, in Broa. Drv.] 
induce wounds to unite by the first intention, the edges 
ought Ee rer eine te on eee Des conned, for the 
slightest quantity of retards and may altogether interrupt this 
process. When the edges of the wound are ready to be brought 
together, there are several modes which may be pursued of keeping 
them in contact. Previous to bringing the , cold water 
be applied to the wound upon lint. This will keep down any 
joo sgn perl anger Pager dpb —o supposed 
that process which coagulable was wn out from 
wounds was one of inflammation, and that was desirab +a elke the 
should ept warm to encourage this sanatory i ma’ 

ao But the researches of the late Dr. Mc » of Dubie, 
seem to have set this question at rest; and most physiologists look 
upon this process as a secretion going on under increased action, but 

not as an act of inflammation. 
Of the various modes of keeping the edges of wounds in apposition, 
the application of adhesive plaster is the most common, and certainly 
licable to the greater number of ordinary incised wounds, The 
should be applied in such a manner as to maintain the edges of 
the wound in contact. There are, however, some wounds which are 
extensive for the use of adhesive plaster, and then the suture is 
used, which consists in bringing the Pa of the wound together by 

ing them up.* [Surure.] 
On this subject Mr. Liston remarks, in his ‘ Elements of Surgery 
(p. 208): “ Of late I have greatly di with stitches a e 
common adhesive plaster, using, instead of the latter, slips of glazed 
ribbon smeared with a saturated solution of isinglass in brandy, which 
is much less irritating and more tenacious than the common adhesive 
are fixed temporarily with a single stitch, or two 
pped in cold water are over the wound. 
The ribbons are not applied till the adhesive Gukstaace has partly con- 


margins 

approximated by the fingers of an assistant, the ribbons are laid gentl 
Seed held fre aoe seconds. Soon after a sufficient Soemeg lines 
Ss 
will adhere firmly till the completion of the cure, and thus the pain 
and irritation caused by frequent dressing is avoided. Even the largest 
wounds, as after amputation, are treated in this manner with the most 
satisfactory results, Of late years a plaster, made by coating oiled silk 


to 
to 
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with a solution of isinglass, has been used instead; the glazed surface 
of the slips is moistened and applied as here directed.” Surgery is 
deeply indebted to Mr. Liston for the bold and fearless manner in 
which he has carried out a simple and natural treatment of incised 
wounds. 

Wounds, however, under the best of treatment will not always unite 
by the first intention: the consequence is, that the parts which do not 
unite at once will suppurate, and granulations will be formed. This is 
called union by the second intention. [InrLaMMATION.] When this 
process takes*place, then all applications to procure union by the first 
intention must be abandoned, and all attention must be given to curing 
the wound by the process of granulation. Plasters, sutures, and ban- 
dages must be removed ; and where the inflammation is great, every - 
means should be taken to arrest it. Suppuration should be encouraged 
by warm fomentations, by poultices, and above all by the warm-water 
dressing, which consists of nothing more than pledgets of lint dipped 
in warm water, and then covered over with oiled silk to prevent evapo- 
ration and cooling. When the inflammatory action is subdued and 
granulations are forming, gentle pressure should be employed for the 
purpose of avoiding the formation of more new matter by granulation 
than is absolutely necessary, The dressings at this period should be 
light. Some surgeons are fond of ointments, which may always be 
dispensed with ; but in some cases of languid granulation a stimulating 
ointment is useful. Lotions are generally better. A weak solution of 
sulphate of zine or nitrate of silver may be mostly employed with 
advantage. The wound itself does not require the washing and 

mging and dabbing to which it is so frequently submitted; but the 
in about the wound cannot be kept too clean and free from impurities 
of every kind. 

Punctured Wounds.—These wounds are dangerous from their depth, 
and the internal effusion of serum and blood which usually attend 
them. In consequence of this, these wounds are frequently followed 
by severe inflammation and suppuration. These results used to be 
attempted to be obviated by the practice of dilatation. This, however, 
is severe practice, and only justifiable in cases of the existence of a 
foreign body. Setons are recommended by the French surgeons for 
these wounds, but there are so many objections to them, that they are 
seldom used by surgeons in this country. Whether these wounds 
unite by the first or second intention, they require to be healed upon 
the same general principles as incised and gunshot wounds. 

Contused and Lacerated Wounds.—These result from the collision of 
blunt, obtuse, hard bodies, being forcibly driven against the living tex- 
tures, Although these wounds may occur independent of gunshot, 
it is in the class of wounds called gunshot that the best examples of 
lacerated and contused wounds occur. The rapid introduction of 
powerful machinery into the manufactures of this country renders 
contused and lacerated wounds of very frequent occurrence in our large 
towns. In these wounds there is seldom much bleeding, arising from 
the coats of the arteries becoming twisted and doubled up by the force 
of their retraction. They are much more liable to have foreign bodies 
in them than incised wounds. Such wounds seldom unite by the first 
intention, but in their treatment this object should always be kept in 
view, as frequently portions of the wound may be induced to unite. 
During suppuration and granulation, the same plan of treatment should 
be pursued as when these processes occur in incised wounds. The 
constitutional symptoms arising from these wounds are generally more 
severe than from any others, and require attention. Symptomatic 
fever must be treated according to the same general principles laid 
down for the treatment of fevers. [Fxvers.] Another consequence 
of these wounds is that dreadful state of the nervous system called 
tetanus [Tetanus], which often resists all kinds of treatment, 

Poisoned Wounds.—The principal forms of this class of wounds seen 
in this country arise from the bites of rabid animals, pricks and cuts 
received in dissection, and the bites of vipers and the stings of insects, 
The bites of rabid animals are unfortunately too common, and often in 
this country require the attention of the surgeon. When the poison is 
introduced into the system, it produces the fearful disease known by 
the name of hydrophobia, for which medical science has not hitherto 
found a remedy. [HyprorHopta.] Where persons have been bitten 
by cats, dogs, or wolves in a rabid state, the wound should be imme- 
diately excised, and the nitrate of silver (lunar caustic) applied to the 
wound. ‘ 

Dissecting Wounds.—Under this head may be included not only the 
punctures and cuts to which medical men are exposed in the examina- 
tion of the dead human body, but all those wounds after which ill 
consequences ensue, in which there is reason to suppose some poison 
generated in an animal organisation has been introduced into the 
system. It is still sometimes discussed in books on surgery, as to 
whether the effects following these wounds are produced by a peculiar 
poison or are only the result of a slight wound in a constitution pre- 

i to disease. The frequency of the ill effects of these wounds 
amongst medical men, as compared with other classes of persons, 
equally liable to pricking and cutting their fingers, must decide this 
question in favour of the existence of a poison. It is not, however, as 
is generally supposed, that putrescent bodies and those advanced in 
decomposition are most injurious, for it is generally found that the 
worst consequences follow wounds from recent bodies, especially of 
persons who die of puerperal peritonitis, The consequences following 
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these cuts are uneasiness and festering of the wounded part, the 
absorbent glands up the arm become intlamed, there is pain felt in the 
arm and in the glands of the axilla: these symptoms are attended with 
more or leas fever, and generally great anxiety. These symptoms some- 
times increase, the cellular tissue of the arm and side becomes inflamed, 
abscesses form, and the patient sometimes dies from the fever or sub- 
sequent exhaustion. This disease is principally confined to medical 
men, and much difference of opinion existed as to its treatment. 
Formerly tonics, wine, and brandy were administered, and active 
means taken to destroy the poison by caustic potash, liquor ammonim, 
nitric acid, &c.; but at the present day there is a general opinion in 
favour of mild antiphlogistic treatment, and having recourse only to 
tonics and wine when the symptoms seem to require it. Leeches, 
bleeding, purgatives, antimonials, and opium constitute the chief 
features of the treatment in the early and inflammatory stage. The 
application of lunar caustic, a solution of alum, and other things, have 
been recommended immediately after the receipt of the wound; but, 
after some considerable experience, it may be doubted if these things 
prevent the absorption of the poison. At any rate, if any good is to be 
done, the application must be immediate. . 

Bites of Venomous Snakes.—These are senenny fatal in tropical 
climates. The only snake that is to be feared in Great Britain is the 
viper. Its bite, however, is seldom fatal except where some peculiar 
state of the constitution is favourable. Immediately on the receipt of 
the bite a pain and a burning sensation are felt in the , which are 
followed by rapid swelling and a livid discoloration of the part, The 
constitution becomes atiected also rapidly, and there is giddiness, 
extreme prostration of strength, depression of spirits, faintness, 
syncope, a small quick irregular pulse, difficulty of respiration, profuse 
cold clammy sweats, confusion of vision, headache, yomiting of bilious 


matter, a general yellow tinge of the skin, and a great pain about the |}- 


nayel, These symptoms are observed in greater or less degree to follow 
the bites of most venomous snakes, The bite of some of the snakes of 
Africa and America is certainly fatal, and persons die in a few hours 
after receiving the wound. 

In the treatment of cases of bites from snakes, the first object should 
be to endeavour to prevent the passage of the poison into the system. 
Various modes are adopted for fulfilling this intention, The most 
effective is the immediate excision of the part. This will hardly be 
required after the bite of the British viper, as it seldom proves fatal ; 
but it is frequently the only remedy with regard to tropical snakes. 
The application of the tourniquet or a ligature above the wounded part 
has been recommended ; also the application of cupping-glasses, These 
remedies, however, do not extract the poison, and only arrest its effect. 
The application of caustic may in some instances have the effect of 
destroymg the poison, Various local applications have had a great 
reputation for their prevention of the etfects of the poison of snakes, 
but none of them seem entitled to any consideration. The treatment 
of the constitutional symptoms consists in the administration of stimu- 
lants ; of these, ammonia is preferred. It is the basis of the Hau de 
luce, a remedy once very popular for the bite of snakes. Mr. Ireland, 
whilst in the West Indies as a surgeon to a regiment, employed arsenic 
in doses of one grain as a remedy against the effects of the bite of the 
Coluber carinatus, In South America, the plant they call Guaco is said 
to have a very beneficial effect. Poeppig, in his ‘ Reise,’ has collected 
all the evidence which he could procure of the value of Guaco in these 
cases, but this is far from being satisfactory as to the value of this 
remedy. Cases from the bites of rattlesnakes and other poisonous 
serpents have occurred in this country, as these reptiles are often 
brought over here for the purposes of exhibition, A man died a few 
years since from this cause in St, George's Hospital, 

Wounds of Particular Parts of the Body.—When any of the viscera 
of the body are wounded, questions frequently arise as to the treat- 
ment, which can hardly be answered by gen principles ; hence the 
wounds of particular parts of the body require consideration. Wounds 
of the head are frequently accompanied with concussion and compres- 
sion requiring a modification of the treatment. -Wounds: of the scalp 
are also frequently attended with severe inflammatory symptoms, and 
no injuries of the body require more attention and close watching than 
these, Of all wounds which the surgeon is called on to treat, those of 
the throat are perhaps the most common, and require the most prompt 
attention. These wounds are generally the result of attempted suicide, 
and vary in extent according to the greater or less determination of 
the individual, as well as the edge of the instrument used for effecting 
the wound. The first thing to be attended to in these cases is to arrest 
the hemorrhage, which must be done by placing ligatures on the 
wounded arteries. 

When the trachea is opened, the entrance of blood into the lungs 
should be ayoided as much as possible, as its existence there as a 
foreign body may bring on inflammation of the lungs. When a wound 
occurs in the larynx above the rima glottidis, every attention should 
be paid to removing anything that may irritate the glottis or prevent 
the free passage of air to the lungs. When the sophagus is wounded, 
all the food of the patient should be administered by means of a tube 
passed through the mouth, nostrils, or the wound. It is sometimes 
the case that a surgeon sent for to a cut throat will attempt imme- 
diately to bring the edges of the wound iol by sutures. If this 
be done the chances are that the patient will die of suffocation as soon 


as this is effected. When the bleeding has ceased, an attempt should 
be made gradually to bring together again the disunited pes. This is 
frequently done with the most perfect success, and sometimes the very 
worst cases of cut throat will recover. It will, however, 
require great skill and attention on the part of the surgeon to meet 
the difficulties that will arise in the treatment of cases where so many 
impr vent t) are involved, 

ounds of the chest become dangerous when they involve the 
viscera of the thorax, and several important questions arise out of the 
nature and extent of these wounds, The most important - 
cations of these are—1, the entrance of foreign bodies into the 
of the thorax ; 2, the injury of one or more of the intercostal arteries; 
8, the protrusion of a portion of lung from the wound; 4, the occur: 


rence of emphysema from the wou the lungs ; and 5, extravasation 
of blood in the cavity of the thorax. Wounds of the abdomen, when 
superficial, require the same treatment as wounds ~ In 


trating wounds of the abdomen there is always great 
occurrence of peritonitis, which requires ing on the part of the 
surgeon. In cases where there is protrusion, the same general treat- 
mee will be genined as femal (Hern1a.] Laan ; 
(Cooper's Dictionary 9, ery ; Cooper's First Lines of Surgery; 
oper's, Sir Astley, Lectures on Surgery ; Liston's Llements of ys od 
RANGLER, In old times the word Wrangle was used in the 
universities in the sense of “ to diepaie pablialy,: that is, to defend or 
oppose a thesis, The verb has gradually acquired a meaning of re- 
proach (being made to imply uncivil and indecorous oppusition), which 
it had as early as the time of Shakspere. In the ‘Taming of the 
Shrew,’ the teacher of music says to the scholar— 


“ Wrangling pedant, this is ‘ 
The patroness of heavenly harmony.” 


The substantive Wrangler is hardly ever used, except as significative 
of a person who has passed the mathematical SXRAAMae for the 
Bachelor's degree in the university of Cambridge (the word is unknown 
in Oxford) with such credit as to have had his name inscribed in the 
highest list, or list of wranglers. Of these the first in merit is the 
Senior Wrangler: but persons not accustomed to the phraseology of 
the University are apt to confound Wrangler with Senior Wrangler, 
that is, to imagine that any one of their friends who may haye obtained 
a wranglership must necessarily be the first man of his year. The 
second list is that of Senior Optimés, as they are called, and the last 
that of Junior Optimés. All who are in these three lists (which are 
collectively called the mathematical Tripos) are said to take the Bache- 
lor's degree with honours, or to go out in honours ; those whose names 
appear in the Classical Tripos are said to take classical honours; while 
the peters who are bars the ci hata abbreviated into “‘ the Pol,” 
though they equally take the Bachelor's degree, are not supposed to he 
Reaserad: But in point of fact, the last of the Junior Optime, or A 
last on the list of honours, has always been considered an unfortui 
person, and the name of the wooden spoon* has long been attached to 
his place. It is not as if all were examined together, and the honoured 
were selected out of the whole list: those who wish to go ag 
honours declare their intention and are examined separately ; so that 
it frequently happens that the last of the honoured graduates is a 
ec of very inferior attainments to many at the head of the un- 

onoured multitude. With regard to the facetious terms current in 
er universities, it should be crane that the nicknames invented by 
undergraduates are generally adopted in the university, which become 
therefore real and well-known denominations. From the vice-chancellor 
to the freshman of yesterday, berg of the honoured is the wooden 
spoon; and he must be a formal man (a “ regular Don” the under- 
graduates would call him) who, in speaking of the “ previous n 
tion,” as it is styled in the grace of the Senate which- established ra 
should use those words instead of “ the little go,” a term which was 
borrowed from the Oxonians as soon as the grace was passed! 

There is no history extant of the original introduction of the terms 
wrangler, senior optimé, and junior optimé, Huber, whose history of 
our universities has been translated by Mr. Newman, says that every 
attempt he has made to unravel the skein of university technicalities 
has made him giddy with headache. A Cambridge man however finds 
no difficulty in seeing how the word was used, as applied to the j 
in which an examination (not a public disputetioo) is passed. The 
examination which takes place in January, and at which a young m 
is said to “ take his degree” (because in he then does that will 
be asked of him, the old disputations having long been abandoned), in 
old times was not an examination for the B.A. degree, but for the right 
of being admitted to perform the disputations necessary for a degret 
All degrees were originally gained by disputations, the substitution of 
an examination, to see whether the candidates were fit to dispute, being 
a thing of comparatively modern times. The vice-chancellor, when 


* Since the institution of the classical honours, to which mathematical ones 
are a necessary preliminary at Cambridge, the wooden spoon has eee! 4 
been a distinguished classic, who did not need nor wish for anything excep! 
the formal place on the mathematical list, which was required previously to” 
competition for a place in the classical one, though by recent changes classical’ - 
honours may be obtained without the necessity of passing the mathematical — 
examination, and the degree of B.A.be obtained through the classical tripos, 
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Be ts 
making honorary senior optimés, 
A Rca wid in its signification means a writing 
ing’s seal, whereb ce 


order of vious 
octors were in the habit 
placing them in the list at 


peer by patent, which is a royal grant of peerage; of the latter, the 
creation of a peer by writ, which is a summons to attend the house of 


g. Th 
Original writs (which 
writ of summons) used to contain a brief statement of the plaintiff's 
alleged cause of action; and such a writ was called in law Latin breve, 
in law French brief: and this term was afterwards applied to judicial 
and other writs. Original writs issuing from Chancery were always 
witnessed, or fested, in the name of the king; judicial writs issued 
from that one of the i common law courts in which the original 
made returnable, and were tested in the name of the chief 


sie ind such court. . 
are many kinds of writs, some of the more important of which 
may be here mentioned. There is the writ to the sheriff of a county 
elect a member or members of the Commons’ House of Parliament, 
case of a Yin = Ag general election, which issues upon the warrant 
the lord , or in certain cases of the speaker of the House 
Commons. The writ of habeas corpus (ad suljiciendum), which 
RP gery who detains another, co ing him 
produce the ly of the prisoner at such a time and place, 
together with the cause of his caption and detention, to do, submit 
to, and receive (ad faciendum, subjiciendum, et recipiendum) whatever 
court or jud, Lecce the writ is awarded shall think fit. 
EAS CorPus. brings are various mee habeas corpus, 
purpose of bringing up prisoners to el in execution, 
testimony, &c.—the writs of subpana ad testificandum, by which 
is commanded to appear at the trial of a cause, to give evidence 
pecuniary penalty ; and of subpoena duces tecum, by which the 
commanded to bring certain specified documents for the pur- 
the trial. A defendant privileged from the particular suit, or 
being sued except before some other tribunal, is entitled to a 
of privilege, by which the court is required to discontinue the 
In modern times a party is allowed his privilege without suing 
out any writ of privilege. . 

T OF ERROR. Writs of error in ppd civil suits are abolished 
by the Common Law Procedure Acts. and a more simple procedure for 
Ab sade d and correcting the decisions of the superior and other courts 
of was established. [Ernor.] 

In criminal cases there is a writ of error from all inferior courts to 
the Queen's Bench, and from that to the House of Lords. 
WRIT OF INQUIRY. In cases where a plaintiff seeks to recover 


a 


Hi 


Hil 


@ specific chattel (as in the action of detinue), or a specific sum of 
money (as in debt), if the defendant allows judgment to go against him 
by default, this is considered as an admission that the plaintiff is 


entitled to what he claims; and the judgment therefore is final in the 
ided the plaintiff is content to take a small nominal 

on from the detention of the chattel or 

where a plaintiff only seeks to obtain damages for an 
to his person or his real or personal estate, or for the 
performance of a promise, if the defendant lets judgment go by 
though an admission that the plaintiff has a cause of 
not operate as an admission of the amount of damages 
is entitled; and such judgment is called interlocutory. 


Fee 
FRE 


lee 
i 
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In such cases, and also where the plaintiff seeks to recover substantial 
damages for the detention of a chattel, or of a debt, the intervention 
of a jury is required in order to ascertain for what damages the 
plaintiff is entitled to have final judgment. or this purpose, a 
judicial process, called a writ of inquiry, issues to the sheriff, com- 
manding him to summon a jury to inquire what damages the plaintiff 
has sustained. If the plaintiff offer no evidence before the jury, a ver- 
dict must be found for nominal damages, as existence of some damage 
is admitted. 

When the inquisition (or finding of the jury) is returned, the plaintiff 
is entitled to judgment for that amount. 

WRIT OF SUMMONS. [Wrir.] 

WRIT OF TRIAL, All trials of causes in the superior courts took 

lace formerly either at bar before the whole court, or at nisi prius 

fore one of the judges of the court, or a judge or serjeant named 
in the commission of assize; but now, by the 3 & 4 Will. IV., c. 42, 
8.17, in any action depending in any of the superior courts for any 
debt or demand in which the sum sought to be recovered and indorsed 
on the writ of summons shall not exceed 20/,, the court, or a judge 
(if satisfied that the trial will not involve any difficult question of 
fact or law), may order the trial to take place before the sheriff of the 
county where the action is brought, or some judge of an inferior court, 
and for that purpose a writ shall issue (called the Writ of Trial) 
directed to the sheriff or such judge, commanding him to try the 
cause before a jury, and to return such writ with the finding of the 
jury thereon indorsed, The statute applies only to actions for a debt 
or demand indorsed on the writ of summons; it does not therefore 
extend to cases where the action is brought for a wrong, or where the 
demand, being for unliquidated damages, the amount claimed cannot 
properly be indorsed on the writ of summons. The proceedings under 
the writ of trial, when directed to the sheriff, usually take place before 
his under-sheriff or other his deputy; and they are conducted in the 
same manner as at a trial at nisi prius: and the court will grant a new 
trial for the same causes as if the trial had been before one of 
the superior judges; but a new trial will not be granted upon the 
genie t that the verdict is against the evidence, where the amount 
of such verdict is less than 5/., unless such verdict be manifestly 


perverse. 

WRITER, in Scotland, is a term of nearly the same meaning as 
attorney in England, and is generally applied to all legal practitioners 
who do not belong to the bar, The body who in Edinburgh enjoy, 
concurrently with writers to the signet, the privilege of conducting 
cases before the Court of Session, the Court of Justiciary, &c., are 
called solicitors of supreme courts (abbreviated 8. S. C.), and the prac- 
titioners before the sheriff court of Aberdeen are by local custom called 
advocates, In each county there is generally a society of writers 


-| privileged to practise in the sheriff court and in the other local judica- 


tories, who frame their own bye-laws, and regulate the terms of admis- 
sion to their body. Individually, they are responsible for their conduct 
to the local judges before whom they practise: and as bodies they 
are, on the one hand, protected from the infringement of their privileges 
by unlicensed persons, and on the other, liable to judicial control if 
they attempt unduly to restrict the means of admission to their 


ivil 
PEWRITER TO. THE SIGNET, abbreviated W.S,, is the designation 
of the members of that class of attorneys or procurators who enjoy, in 
common with the solicitors of supreme courts, and with one or two 
smaller bodies, the privilege of conducting cases before the Court of 
Session, the Court of Justiciary, and the Commission of Teinds. Their 
iar privilege, however, is that of preparing the writs which pass 
the royal signet. The signet was a seal or die under the control of the 
secretary of state, with which the writs by which the king directed 
parties to appear in court, or ordered them to obey the decrees given 
against them, and other executive instructions, were stamped for the 
sake of authentication. In the 16th century, the persons who were 
entitled to present the writs which received the impression of the 
signet are supposed to have been the clerks in the secretary of state’s 
office ; and it is not known how or precisely at what time the persons 
who transacted this department of official business became converted 
into a body of private practitioners. Since the Union of 1707, the signet 
has been under the disposal of the Court of Session; but down to 
about the middle of last century the keeper of the signet was deputed 
by the secretary of state for the home department. Since that time he 
has been appointed under the great seal, and he names a deputy, who’ 
is a member of the society of writers to the signet, and by usage pre- 
sides at their meetings. In the general.case the summons by which 
an ordinary action is brought into the Court of Session requires to be 
signeted, and to be, as a preliminary, signed by a writer to the signet ; 
although a member of one of the other privileged bodies may conduct 
the case. Advocation [Apvocat1on],and some other analogous classes 
of procedure, required formerly to have the interposition of the signet ; 
but this step in the procedure has been abolished. The writers to the 
signet now possess few privileges which are not shared by the other 
practitioners before the supreme courts. They still retain their privi- 
leges as to summonses, and they have the exclusive right of presenting 
signatures in exchequer, or of presenting, through the judges acting in 
exchequer, the indorsed drafts of the writs passing under the great and 
other seals in Scotland appended to crown charters, appointments to 
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offices, &c. They have thus a monopoly of the business of ucare be 
Gp Ulles of the crows veumale te Booman. The society require of er 


intrants an apprenticeship of five years, with a curriculum of university | to which works on other subjects were 


study, which includes two sessions of attendance, the one at Latin and 
the other at some other literary class, and four courses of attendance 


at law classes. The writers to the signet possess © 
Pe oe ech ockasenne’ bn3 705, 87 So eee eae 0 


by an annual grant 


the society. 
WRITING. [AvPHaser. 


“ 
isk 


to an Englishman is the representative of what might as well be 

denoted by the two consonants is. But in the Greek alphabet it 
was merely a guttural aspirate, equivalent Moyes to the German ch. 
The cause of this change in the power of the symbol a to admit 
of the following explanation :—Before the employment by the Greeks 
of their character = or £, it was their common custom to represent 
this sound by X 3, as may be seen in Boeckh’s inscriptions, rather than 
by K 3, of which there exist however a few examples, as in the so-called 
Vanian Inscription. [ALrnaset, plates ii. and iii.) Now the Romans 
copied this Greek practice, and we consequently find in Latin inserip- 
tions such forms as MAXSVMVS, PROxSYMvs, &c. See the Index of 
Marini’s ‘ Fratelli Arvali.” So again coins give us the proper name 
AxsiIvs, where the later orthography would have been axtvs; and 
even existing manuscripts still bear traces of this orthography. Thus 
the Medicean MS. of Virgil has Exsxsa (‘Aen.’, viii, 418), EXxSyIT 
(‘ Aen.’, viii. 567). But the Romans, being generally averse to the 
aspirated letters (h itself, though written, seems not to have been pro- 
nounced by them), had little or no occasion for the character x except 
in this combination with ans. The very sight therefore of an x, even 
before the eye came to the s, raised in the mind the idea of a sibilant, 
and thus rendered the sibilant itself a en aban letter ; which, 
because it was superfluous, would before long be omitted, and thus the 
single letter x would perform the office of the two consonants xs. It 
may be objected to this view, that in one of the oldest inscriptions, the 
Bacchanalian (see the plate in the seventh volume of Drakenborch’s 
Livy), we have the form £xpEICERENT, where the letter in question 
already has the power of our modern z. This perhaps is an erroneous 
idea. It would probably be more correct to look upon the character in 
this word as the simple guttural, thus: echdeicerent, from which the 
later form edicerent would easily flow. A sibilant in this word would 
have given the same offence to a Roman, as ef3:5ova: would have done 
toa Greek ear. It should be recollected too that the old Latin prepo- 
sition had the form ec,as seen in ecfari, ecferre, &c. (for thus did 
Cicero write these words), and that a sibilant was added only before the 
sounds p,k, t, or before a vowel. An argument against the view we 
have taken in reference to the change of power in the symbol might 
be founded upon the fact that the Spaniards employ the very same 
symbol as a guttural. Thus in the geographical names Xeres, Xalapa, 
Mexico, the x has little or nothing of a sibilant character. 

The letter x was the last in the Roman alphabet, neither y nor z 
belonging to it, although the majority of Latin grammars include them. 
On reflection however it will be itted that the words in which 
those two letters occur are not really part of the Latin language, but 
borrowed from the Greek, as zephyrus, zona; or from some Eastern 
source, as gaza, Such forms as lachryma, hyems, sylva, are simply 
errors of modern editors. The Romans themselves wrote lacruma or 
lacrima, hiems, or rather hiemps, and silva. But the fact that « was 
the final letter of the Roman alphabet is established by an anecdote in 
the Life of Augustus by Suetonius (c.88). 

The interchanges of « with other letters are as follows :— 

1. x with c, as in the doubie form, already mentioned, of the Latin 
or Greek preposition ex or ec, 

2. x with scorsk. SeeS. ’ 

3. x with g, as in the Latin awyeo compared with the Greek avtavw, 
and mry-vyas compared with mix, Eng., and miz-tus, Latin. 

4. x with ps, as the Latin ezilis compared with the Greek yAos. 
In the same way we find an illiterate Roman officer writing izi for 
ipei, and thus too proximus is the superlative of prope. This change is 
in fact only another instance of the interchange of p and ¢, so common 
between Greek and Latin. See C, 

5, « perhaps with A. Thus fevos is probably in the first syllable 

‘ the equivalent of the Latin hostis and hospes. See O and N. So again 
hasta is probably connected with the Greek feoros. 

6. x with «. Thus in Spanish a z is found where the Latin has an 2. 
For example, the Latin words crux, pax, have become in Spanish 
cruz, paz, whence the names of the American towns, Vera Cruz and 


La Paz. 
XANTHAMYLAMIDE. [Carpamio Actin. Sulphocarbanate of 


amyl.] 
XANTHAMYLIC ACID. Amyldisulphocarbonie acid (C,,H,,0,8, 
= 08,4 ° g°). Xanthamylate of potash is formed on treating a 


solution of potash in amylic alcohol with bisulphide of carbon until 
alkaline reaction no longer manifests itself: the salts then crystallises 
out in plates; it is soluble in alcohol or ether, gives precipitates of 


X 


xanthamylates with, most metallic solutions, and when acted upon by 
hydrochloric acid up its xanthamylic acid. fiers 
Xanthamylic is an pg Be a colourless when quite pure 
erally of a yellow tint ; it hasa pungent disagreeable odour, re 
itmus paper, is heavier than water, burns with a luminous flame, ’ 
is ily decomposed by water. 4 a 
XANTHEIN. A yellow colouring matter contained in flowers. It 
is extracted by cold alcohol from the petals of yellow dahlias, nthein | 
is soluble in water, alcohol, and ether, but not crystallise from 
any of these solutions, Alkalies communicate to it a se | rich brown 
colour. It communicates a brilliant yellow to tissues, unites with 
most metallic bases forming yellow or brown lakes. ays ” ig "7 


XANTHELENE. [Xanreic Acz.] ; ~ 
XANTHENE. Xuthene, Melene. An unimportant and problema- 


tical derivative of hydropersulphocyanic acid. 

XANTHIAN MARBLES, fie aeuigeaibe given to a collecti 
architectural and sepulchral remains, from their having been c ch 
found in the city of Xanthus in a poe Asia Minor. 
({Lycta, in Gxoa. Drv., col. 638.] ey were for the most part — 
obtained by Sir Charles Fellows, during researches conducted at the 
expense of the British government in the years 1842-46, and are now 
deposited in the Lycian gallery of the British Museum. 7 ae 

he Xanthian marbles comprise sculptural remains which are believed } 
to range in date from the conquest of Xanthus by the Persians, B.c. — 
545, to the period of the Byzantine yeh and vary considerably — 
therefore in character and value. The ol and most important are — 
the rilievi from what is known as the Harpy Tomb, which stood near — 
the theatre at Xanthus. This tomb was found almost entire, and 
consisted of a solid rectangular shaft 17 feet high, surmounted by a — 
small chamber, The friezes on the sides of this pedestal exhibit sc 
much refinement of feeling, combined with an almost austere puri 
of style, that it may be doubted whether they do not pee. Bx’ a 
period antecedent to the Persian invasion, and are not the 
sequently of the descendants of the Grecian colonists, before Y 
taste was vitiated by Persian influence. The date usually assigned to — 
them is about 500 B.c, : - ; 

‘he tomb has acquired its name from four figures of similar 
on the four extremities of its north and south sides, which t 
the Harpy of the ancients. The head is that of a female, the breast is 
exposed, and the body, which terminates with the trunk, has gs 
and a tail like a pigeon’s; from under the wings comes a bird’s claw, — 
clasping the le; of = chilil, which is contried in the bosom of te filled? a 
They are all flying upwards and outwards from the middle of eac 
group, and are carrying off female children. There was no inseri 
on the tomb, which, from the flying off the chile 
is supposed to allude to the story of Pandarus, king of Lycia; 
figures being the harpies carrying awa the daughters of Pai 
(Homer, ‘Odyssey,’ b. xx.) les these there are seated 
probably deities, and other i 


we 


ma 


personages from the Greek mj 
The figures are about three feet high, and the four comp 
about nine feet in length, form the top of the tomb, and are el 
about twenty feet above the ground upon a square shaft or p 
of gray stone, and roofed with two flat stones of a similar 
the bas-reliefs are in white marble. 7 
Close to this tomb stood another similar tomb of the same n- 
sions, entirely covered with Lycian characters. These Xanthian tombs 
extend over several miles of country. ‘—_ 
Another extremely in ing series consists of a broad and a narrow 
frieze, and various architectural members of a remarkable Ionic struc- 
ture, the purpose of which is not determined, but of which there are 
in the room an excellent, model, according to the restoration proposed 
by Sir C. Fellows, under whose direction it was made, and a picture 
showing the appearance of the spot prior to the excavations. The 
se ge re tightly joorsec ee the heavily-armed Greek soldiers 
and more li equipped Asiatics; the siege of a city, and a sally of 
the besieged ; and a Persian satrap receiving a deputation. The subjec 
referred to is usually considered to be the conquest of Lycia by the 
Persians under Harpagus, and the building to have been the tomb of 
Harpagus, or a memorial to his honour, and to have been erected 
the 4th meee) B.c, By some, however, the bas-reliefs are supp 
to represent the suppression of the revolt of the Lycians, B.c. 
Be that as it may, the sculptures are thoroughly Persian in ch 
and both in subject and style recal to the memory similar 
among the Assyrian rilievi. Another series of bas-reliefs, part 
tomb of one Paiafa, a satrap of Lycia, has representations of 
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fighting, while on each side of the tomb was an armed figure ina 
i slabs, statues, and sculptured fragments, of a more or 


quadriga, Other € 3 
less debased style, carry down the illustrations of Lycian art to the 
iod mentioned above. 


(Fellows’ Journal, &c.; Account of Discoveries in Lycia ; Account 
of the Ionic Monument excavated at Xanthus ; and Essay on the 

elative Dates o, Lycian Monuments in the British Museum ;. Scharf, 
Observations on the Sculptures seen on the Monuments of Ancient Lycia; 
Gerhard, Archdol. Zeitung, 1845; Official Synopsis of British Museum.) 

XANTHIC ACID. Sulphocarbovinic acid. Ethyldisulphocarbonic 
acid (c.H.0,8.=0,8,{ He). Xanthate of potash is formed on 
treating an alcoholic solution of potash with bisulphide of carbon until 
all alkaline reaction be neutralised; the mixture artificially cooled 
deposits colourless prismati , which are very soluble in water 
or alcohol, but insoluble in ether ; dilute hydrochloric acid decomposes 
them and sets free xanthic acid. 

Xanthie acid is so named from fav@és, yellow, because it gives a 
el gga with salts of copper. It is oily; heavier than, and 

in, water; has an acid, astringent, and bitter taste, and 

odour. Heated to ebullition it is decomposed into alcohol 
and bisulphide of carbon, and is very inflammable. It~ strongly 
reddens litmus paper and decomposes alkaline carbonates with effer- 
vescence. 

The zanthates are, with the exception of xanthate of potash, unim- 

The copper salt, already referred to, seems to be accompanied 

a isable compound. Xanthelene (xanthate of ethyl), an oily 
liquid, is also occasionally formed at the same time, but possibly is a 

of the decom: ion of the crystalline body. 

XANTHIC OXIDE. [Unic Grovr.] 

XANTHIN. This name has been applied to two distinct bodies, 
namely, to a colouring matter contained in madder [Mapprr, 
Corouumyxc Matrers or] and to the yellow colouring matter of 
flowers. The latter is best extracted by ing the sunflower with 

absolute alcohol ; on cooling, the alcohol its the whole of 
the xanthin, which is of a beautiful yellow colour, insoluble in water, 
but soluble in hot alcohol and water. It is an uncrystallisable resinous 


XANTHO-COBALTIA (Co, 5NH,, NO,). An ammoniacal base 
containing cobalt. It is in the state of sulphate by trans- 
mitting a rapid current of nitrous acid through an ammoniacal solution 
of sul of cobalt, keeping the liquid ine by the occasional 
addition of ammonia. The sulphate of xanthocobaltia has the formula 


Co0,0,, 5NH,, NO,, 280,-+H0. 
The nitrate and chloride have the following formule :— 


. Co,0, 5NH,, NO,, 2NO, +HO 
. Co, 0Cl,, 5NH,, NO, +HO 


Nitrate. . 
Chloride . . 


and 
luble in water, but dissolves copiously in alcohol 
and ether ; its solution exposed to air and light is rapidly bleached ; 

alkalis dissolve it ingly. 
XANTHOPICRITE. Kinthigterka: A substance contained in the 
bark of the Xanthoxylum Clava-Herculis, L., employed in the Antilles 
asa febrifuge. It crystallises in greenish-yellow an / needles, which 
and astringent, readily soluble in alcohol, slightly so in 


bse and insoluble in ether. It possesses neither acid nor alkaline 
qualities. 

XANTHOPROTEIC ACID (C,,H,,N,0,, ?). According to Mulder, 
this acid is formed when albumen or any other protein compound is 
digested in nitric acid; these dissolve with the escape of nitrogen gas, 
and yield a yellow-coloured solution, while oxalic acid and ammonia 
are formed. 

Two equivalents of protein, 1 of water, and 2 of nitric acid, yield 3 
of oxalic acid, 2 of ammonia, and 1 of xanthoproteic acid. After being 
washed with boiling water, this acid exists as a tasteless orange-yellow 
powder, which combines with acids as perfectly as with bases; its 
compounds with the latter dissolve in water, and give dark-red coloured 
solutions. : 

XANTHORHAMNIN. [CurysorHamnin.] 

XANTHOXYLENE. [Essentran Oms; xanthoxylum.] 

XANTHOXYLIN. [Essenriat Oms ; zanthoxylum.] 

XIPHIAS (constellation). [Dorapo.] 

XUTHENE. [Xanraty,] 

XYLENE. [Xytote.] 

XYLIDINE. [Xytoxz.] 

XYLITE (C,,H,,0,%). According to Gmelin, when commercial 
pyroxylic spirit is submitted to distillation from chloride of calcium, 
a vapour rises, which condenses into a liquid, which he calls wylite. 

The properties of this substance are, that it strongly resembles 
alcohol ; its odour is like that of ether and agreeable, and its taste is 
empyreumatic ; its specific gravity is 0°816, and its boiling-point about 
143° Fahr. ; it is miscible with water, and burns with a white flame. 
The density of its vapour was found by experiment to be 2°177; by 
theory it should be rather lighter. 

With acids xylite produces ethereal compounds, which have not 
been minutely examined; and by partial decomposition it gives rise to 
xylitic acid, xylite naphtha, xylite resin, and xylite oil ; these substances, 
however, have not hitherto been very particularly subjected to experi- 
ment, and the whole of these bodies require re-investigation. 

XYLITE NAPHTHA. [Xyurre.] 

XYLOIDIN. Pyroxam or nitramidine (C,,H,(NO,)O,,%). A sub- 
stance allied to pyroxylin. [Gun-corroy.] Starch is dissolved in 
nitric acid of sp. gr. 1°5, and the solution immediately diluted with 
water : a white, tasteless substance is then precipitated which is the 
body termed pyroxylin. It is insoluble in water, alcohol, or ether, 
and when heated to 356° Fahr. burns rapidly, after the manner of 
gun-cotton. It explodes when smartly struck on an anvil by a hammer, 
but less powerfully than gun-cotton. It also leaves much carbonaceous ° 
residue when burnt, and, unlike pyroxylin, is easily soluble in nitric 
acid. Protosalts of iron reliberate Hake from xyloidin. 

XYLOLE (C,,H,). Xylene. A volatile liquid hydrocarbon homo- 
logous with benzole, &c., of the series C,H,-,. It is one of the 
constituents of the oily impurities contained in commercial wood- 
spirit, and which separate on the addition of water. It is purified 
by agitation with concentrated sulphuric acid and fractional distillation. 

Xylole is a limpid colourless fluid; boiling point 259° Fahr. Fuming 
nitric acid converts it into nitro-xylole, a yellow oil heavier than water 
and of an odour somewhat resembling, but less pleasant than, that of 
nitrobenzole. Nordhausen sulphuric acid slowly combines with it and 
forms colourless, deliquescent, acicular crystals of sulfo-ayloie or 
aylenylsulphurous acid (C,,.H,.S,0,). Nitric acid acts upon the latter 
compound to form nitro-sulfo-xyloic or nitro-xylenylsulphurous acid 
(C,gH,(NO,)S,0,). 

Xylidine (C,,H,,N). This alkaloid much resembles its homologues, 
toluidine, &e. It is produced by the reaction of nitroxylole and 
sulphide of ammonium. When pure it is almost colourless, but 
becomes purple on exposure to air and finally resinifies. It turns red 
litmus paper blue; boiling point 416° Fahr. 

XYLORETIN (C,,H,,0,?). A fossil resin found in Danish peat, 
It erystallises in co: prisms, which are insoluble in water, but 
very soluble in alcohol and ether, 


Y 


has found its way into the alphabets of Western Europe cane | 
e 


the later Latin alphabet from the Greek. The oldest form of 

Greek character appears to have had no vertical stroke, but to have 
y the same as the English or Roman V, so that the small 
character v differed from the other form only in the usual substitution 
a curve for an angle. We have said that the letter Y belonged only 
the later Roman alphabet. This fact has been already remarked 
upon under X; and an argument in confirmation of what is there 
asserted may be drawn from the consideration that the Romans already 
— in their V by ave fark the bt ng letter. iacs i 
may be asked, was t su uently adopted e 
The + Sree would probably be this— that the Greek character had 
changed its power from the original sound of 09, such as is still repre- 

the Italian u, to a sound probably like that of the French u, 
ND SCI. DIV, VOL, VIII. 
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or even toa weak ¢. If we traced the Greek letter Y or V still farther 
back, we should perhaps arrive at the opinion that it grew itself out of 
a carelessly written O. The Hebrew c ter which corresponds to 
O, namely, Y, already exhibits the opening above, just as the Hebrew 
© does, compared with the Greek ©. So too the English often write 
a capital O without joining the circle at the top. To these considera- 
tions may be added the fact that the Hebrew alphabet, which ended 
with a T, contains no other equivalent for the Greek YT: and again the © 
Etruscans had but one character, V, without any O. That the intro- 
duction of the character Y into Latin words has been carried beyond 
the proper limit has been already remarked [X]; and we would add to 
what has been there said, that in the well-known Medicean Manuscript 
of Virgil there is something suspicious in the fact that this letter 
always overtops the other letters in such a manner that - vertical 
U 
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shaft is of the same height with them; and thus it is possible that the 
horns, if we may 80 them, were attached by a subsequent hand, 
the manuscript until then having merely an I. (See Foggini’s | t 
of that Manuseript, and the second line of the copperplate e of 
the same (amadryades) in Burmann’s ‘ Virgil,’ vol.i., facing p, xxxvi. 
of the preface.) 

In the English language there is a are tendency to use this letter 
at the end of words. This has probably arisen from our habit of 
giving a tail to the last unit of the Roman numerals, preferring ij, 1, 
vj, viy, &e.; so that to please the eye and give a sort of finish to a 
word, say, boy, they, were preferred to sai, boi, thei. Before we leave 
the form of the letter, it may be observed that in y*, y*, for the, that, 
the y has been by an easy error substituted for the Anglo-Saxon p, 
which had the power of th. 

The sound of y, so familiar to the English at the beginning.of words, 
as in yes, young, yoke, was represented in Latin by a mere i, which 
however, when so used, received from the marians the distinctive 
name of ¢ consonans. Our modern editors have for the most part sub- 
stituted for it aj. Thus, iugum, or rather 1vevM, which is now written 
jugum, commenced with a sound which is commonly held to have been 
the same with our initial y in yoke. The insertion of the sound of a 
before vowels is very characteristic of the Russian language, the alpha- 
bet of which has no less than four characters which denote such a 
sound. The English too have a habit of expressing the sound, though 
they do not write the letter, whenever a long w begins a word, as union, 
unity, useful ; so that those who write an useful contrivance insert a 
letter at the end of the first word which no one would pronounce. In 
Anglo-Saxon the sound of a y was commonly represented by an ¢ 
before @ or 0, and by an i before e or u, in which cases the allied 
languages of Iceland, Denmark, and Sweden for the most employ 
aj. Thus the lo-Saxon writes eorl, Hotaland, cow, Badward, eahta, 
beéd-an for carl, Jutland, you, Edward, eight, to bid. On the other 
hand, iett, iagoth, represent yet, youth. (Rask’s ‘Grammar.’) In several 
oi these words the initial y no longer appears in modern English. But 
it would be unsafe to infer that the change always takes place in that 
direction, for one who observes children in their early attempts to 
speak, will find that many are apt to prefix either a w or a y to all 


words beginning with a vowel. Thus we have heard a child pronounce 
Uncle, Agnes, apple—Yung, Yang, wap; so that the prefixing a y 


where there was none, is just as possible as to drop a previously ex- 
isting y. The sound of y again is heard where the French write Ul or 
gn, 28 in vaillant, agneau; in the Spanish UW or @, as in Mallorca, 
Coruia ; in the Portuguese li or nh, as in filho, Minho; and in the 
Italian gl or gn, as in jiglio, agnello, For the interchange of y with g, 
see G; for the use of 2 with the sound of y. see Z; lastly, for the con- 
nection between the sounds of j and y, see J and Z, 

YACHT. A vessel used for pleasure on the water. The love of 
yachting indicatesa prominent feature of the national character, Clubs 
and societies are formed all round the coasts of Great Britain, many of 
them possessing some of the finest specimens of naval architecture, Of 
late years pleasure trips to distant countries have much improved the 
style and class of vessels used for recreation. Wealthy owners have 
often encouraged novel appliances, and assisted in nautical experiments, 
which would otherwise have fallen into neglect. 

There are two distinct species of yachts, which are recognisable at 
sight, namely : the mere racer, with enormous spars and sails, and 
deeply ballasted hull, with the finest lines imaginable, but sacrificing 
space and comfort to speed; and the elegant, well-proportioned, com- 
modious, safe, but well-manned and fast-sailing family yacht, able to 
encounter the wars of the elements in any part of the globe. Those 
accustomed to river navigation only, and who desire to consult the 
models of thorough “sea-boats,” will do well to examine some of the 
Cowes pilot cutters, and the pilot schooners of the Mersey. Every 
precautionary appliance needed for the roughest and nicest practice 
of seamanship may be found fitted in them with studied compactness. 
Our principal rivers and estuaries in the summer months abound with 
beautifully-modelled small craft, while the Solent pre-eminently offers 
the spectacle of a brilliant fleet, owned as well by the wealthy commoner 


as by the peer. 
YARD. [Wetcuts anp Measures.] 
YARN. [Tureap.] 
YEAR. Much connected with this article is to be found in Kauen- 


DAR, Periops oF Revoivurion, Moon, Sun, Curonotocy, Tue, &c. 
We here confine ourselves to matters of useful reference connected 
with the length and subdivisions of the year, omitting discussion of 
i _of history, which do not directly bear upon chronological 
reckoning. 

The year is, roughly speaking, the period of time in which the sun 
inakes the circuit of the heavens, and the seasons of agriculture run 
through their course, 

A sdereal year is the period in which the sun moves from a star to 
the same again; that is, the interval between the two times when the 
sun has the same longitude as a given star. The mean period is 
$65°2563612 mean solar days, or 3654 6 9™ 9*-6, 

A tropical or civil year is the time in which the sun moves from the 
vernal equinox to the vernal equinox again; and its mean length is 
465°2422414 mean solar days, or 3654 5" 48 49*7, 

The anomalistic year is the time in which the sun moves from its 


(or nearest point to the earth) to its in; and its 
is 368°2505081 mean solar days, or 3654 x oy 49"3, 
he tropical year is shorter than the sun's actual orbital rev 

or the sidereal year, because the equinox moves slowly backwards 
({Precession], and therefore the sun meets it again before it arrives at 
the point at which it met it last. The anomalistic year is longer than 
the sidereal year because the moves forward, and the.sun is not 
nearest to the earth until it passed the ude at which it was 
nearest to the earth before, The tropical year is the year, when no 
distinctive term is applied; for the passage of the sun from the 
southern to the northern side of the po is the positive pheno- 
menon on which the seasons depend, thy it 
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most probably cannot, vary by any 
could appreciate ; but the sidereal tropical y: 
in length. ‘The ere aa en i — t 

the yearly precession o: equinoxes ow : 
part of the orbit by which the equinox moves porate 
sun becomes greater, or the duration of the year less. 
per the gradual motion of the equinox, combined with that of 
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, brings the part of the orbit which the sun is saved 
‘orming by the recession of the equinox into different 
respect to the perigee in successive years; so that the 
is in different years what would have been described in 


He 


The second consideration affects the sidereal year as well as the 
tropical ; but since in both cases the effect is very small and slow, a 
few seconds in a thousand years, there is no to do more than 
point it out in an article like the present, Laplace makes the tropical 
year to be 13 seconds shorter than it was in the time of Hipparchus, 
The excess of the tropical year over 365 days has been given by 
different astronomers as follows :— 
h m 5, 
Euctemon and Mcton . . * 5 ~6 18 57 
Hipparchus and Ptolemy . . » +5 55 12 
Hindus. ° . . . . ~5 50 30 
Albatenius . . ° : ; - - 5 46 24 
Wakber i Ae Yet 40%) eee 
Tyeho Brahe . a * : » 5 48 45 
Delambre . . . . . . -5 48 516 
Laplace < : ‘ . . « 65 48 497 


Whether the present length of the tropical year can be said to be 
determined gn a eee cannot pig chinese: ~ i 
astronomers. e method of determining this length is by 
observing solstices or equinoxes (that is, times when the sun is in the 
solstices or equinoxes) at distant periods, and taking the mean 
from the whole interval elapsed. Unless that interval were a whole 
revolution of the solar perigee with to the equinox, the real 
mean tropical year could not be determined, from observation alone, 
so well as it might be. 

The civil year must, for convenience, begin with a day, and contain 
an exact number of days. But any exact number of days would have 
the disadvantage of the old Egyptian year [Sorntac Prrrop], namely, 
that the seasons would be thrown into parts of the year in suc- 
cession, Those who lived in the intense heats of March (when that 
mouth is near the autumnal equinox) would read old poets who 
describe the spring as about to arrive in that month, or allude to the 
past winter, and that before the poets would have. become 
ancient: this alone would‘ be kena avoiding. Of the mode of doi 


& 


it we shall presently say more; but in the meanwhile we have to 
observe, that it has always been the ter source of difficulty to 
combine the revolutions of the moon with those of the sun, 


. The Jewish, Christian, and Mohammedan religions all regulate their 
sacred anniversaries more or less by the moon, Various nations have 
constructed their years on the lunar revolution, though most of them 
have accommodated their years to the solar year by intercalated months. 
Now, the time between two new moons (that is, the average time) is 
29°5305887 days, or about 29} days. If, then, months were made 
alternately of 29 and 30 days, 12 months would contain 854 days, and 
11} days would be necessary to complete the Julian year of 865} day 
This would amount to more than a month in three years, i the 
most exact values both of the lunation and the solar year, and applying 
the method in Fractions, Continvep, it will be seen that the year 
contains, over and above 12 lunations, something less than 3 lunations 
in 8 years; more exactly, ing more than 4 lunations in 11 
years; more exactly, something less than 7 lunations in 19 years; 
more exactly still, something more than 123 lunations in 334 years, less 
than 130 in 353, more than 253 in 687, less than 1395 in 378, 
the Julian year, the above figures should be into less than 
out of 8, more than 7 out of 19, less than 171 out of 464. This excess 
of 7 lunations in 19 years, which varies very little from the truth, 
whether as to the real, Julian, or even Gregorian year, is the foundation 
of the celebrated Metonic cycle [Mrton, in Broa, Div. | which, among 
the Greeks and all who have derived knowledge from » has always — 
been the foundation of the lunisolar calendar. It is now well under- 
stood that the Metonic moon, and not that of the heavens, is the referee 
in the settlement of religious festivals; that is to say, a moon moving 
uniformly at such a rate as to make 235 lunations in 19 calendar years, 
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Owing to the alternate acceleration and retardation of the sun's *EAapmBodiwy, 30 days, | Oapynr:cov, 30 days. 
motion in its orbit, the lengths of the four astronomical seasons are Mowvxwy, 29 ,, Sxipopopiwr, 29 js, 
different, as follows :— ! a gone intercalary month was a second Moeidewy of 30 days. It is said 

t anciently there were 30 days in every month, but that Solon first 
Sete jarani 2 tsar mien. od is 7 established the alternation of 30 and 29 days, and called the last 
From autumnal equinox to winter solstice. | 89 16 day ym xa) véa, old and new (moon). The shorter months were called 
From winter solstice to'vernal equinox . . .89 1 hollow (ko?Ao.), the longer months full (wAfpes); and these terms 


We shall now state the principal facts connected with the years of 
the nations who are most connected with hi 2 

The Jews, from the time of their departure from Egypt, began their 
year with the vernal equinox in all religious reckoning, retaining the 
get hagemaing, which wes st the eutummal equinox, in all civil affairs. 
I cases reckoned from the new moon near the equinox. By 


and fixed it at the full moon followin the vernal equinox. How they 
ice, does not appear; but as 
ing sight of the new moon to 
ly used 29 or 30 days when 


La tg of Palestine, and within reasonable distance of 
other. is not any trace of astronomy in the old Jewish 

nor reason to infer that they brought any knowledge of it 
from But during the Captivity they aequired from the nations 


three months in the additional eight years would have 
error of a contrary kind from this contained in the Calippic 
Pee a eat ate and 84 years is really not 2o near to an exact 
number of lunations as 76 years all but a Bir pended raed 
Christians used this period, and thereby contributed to the confusion 
on the subject of Easter. 

The modern Jewish calendar is regulated by the cycle of 19 years, 
and its lunar years contain various adjustments which refer to the 


to their own account. They have also a value of th of 
4 lunation 294 12" 44 3*, which is within a tenth of a second of the 
truth. This has been stated as of extraordinary correctness by those 
who that the a’ month is much more easily found than the 
year. us and y had 294 12 44™ 34; reject the frac- 
tion, as was so often done, and we have the Jewish value ; and as it 
happens that Ptolemy and Hi ae kad got jast a little more than 
the fraction too m Y Sir ania ft wom an accidental correction. 


that implied in the Julian year. On the Jewish calendar, see the ‘ Art 
wécihen’ lea iL, 113, the ‘Jewish Calendar for 64 


ebrew months, as commonly spelt in English, follows :— 
othe them oe anita he hinge 0d the Magid taceths tn 
alice they severally most frequently begin, with their number of 


Nisan, or Abib . . * + Mareh, 30 days, 
Jyar, or Zif + April, a9. A, 
Sivan . * . . May, 0 *y 
Thammuz . » June, 9 9 
Ab Te . July, Cy 
Elal . . . . + «+ August, @ < 
Tisti . + September, 30 


Sebat , . . . . 
Adar 


Veadar (intercalary) |. ; March, 29 
an account of these months under their several titles, 


i 
E 


See 
the ptian year, see Sorntac Perron, 

The ota Liver of the Athenian lunar year bear the’ following 
names; but there is a slight difference of opinion about the order in 
which they come, some putting Mapaoxrnpiww before TMvaveyioy, and 
some after it :— 

‘ExarouPawy, 30 days. Tvavepiar, 30 days, 
Merayerrviwy, 29 ,, TlocesSewy, 29 
30 4, Tapndiwy, 30 


*"AvOeornpiwy, 29 ,, 


Mawaxrnpiny, 29 ” 


have been generally adopted b chronologers, The year in which a 
month was intercalated was called €uBdsAtuos, or euBoAruatos, and hence 
the word embolismic, which is frequently used in the same way. 

The month was divided into three decads, the first two of ten days 
each, the third of ten or nine. The first day was vovunvla, the second 
Was Seurépa icrauévov unvds, and so on. The eleventh was mpory 
Hecovrros unvds, or mpérn em) dexd5i, and so on to the last, which was 
cixds, The twenty-first day was apérn én’ cixdd:, and so on; the 
thirtieth was rpiexds. But the third decad was also reckoned by 
counting backwards from the new moon, thus: the twenty-first day 
was dexdrn, or évdérn pOlvoyros unvds, according as there were ten or 
nine days in the decad. The last day, whether twenty-ninth or 
thirtieth, was %7 xa) véa. 

There is some doubt whether originally the first of Hecatombxon 
was the day of the new moon nearest to the summer solstice, or next 
after it : this must have depended on the mode of intercalation. It is 
enough for most purposes to know that the Attic year began near the 
summer solstice. (Clinton, ‘ Fast, Hellen., Introduction.) 

As to the intercalations, there is an old period mentioned of two 
years (S:ernpls), with an intercalary month of 30 days. This was also 
called rprernpls, because the intercalation was in every third year, in- 
cluding that of the former intercalation. This year was, with 
to the sun, more than 74 days too long. There was also a tetra-eteris, 
but the first respectable period was the octa-eteris of Cleostratus, in 
which three months of 30 days each were intercalated in eight years, 
namely, in the third, fifth, and eighth. The average year of this 
period was wrong by 14 hours with respect to the sun, and 14 days 
with respect to the moon. The Metonic and Calli pic periods followed 
(8.0, 432 and 330.) The latter was but little cia compared with the 
former, which intercalated seven months in nineteen years. [Muzron, 
in Broa. Dry.; Pertops or Revorurton.] It is not certain what the 
years of intercalation were, 

The eomplete Roman calendar, as it stood immediately after the 
edict of Augustus, correcting the use which had been made of the 
edict of Julius Cxsar, is as follows :—There are twelve months, Janu- 
arius, Februarius, Martius, Aprilis, Maius, Junius, Julius, Augustus, 
September, October, November, December. The first of each month 
is its kalends, Kalend Januari, Februariw, &. The number of days 
in each month is well known by the old thyme. The 13th of some 
months, the 15th of others, is ed the day of the Ides (Idus) ; and 
the ninth day before the Ides, inclusive, is called the Nones (None) ; 
and every day is reckoned by its position with respect to the next 
simply denominate day, be it Kalends, Nones, or Ides. This the third 
day hefore the Nones of January, the day of the Nones itself counting 
as one, is ante diem tertium Nonas Januarius—a singular mode of speech, 
which does not appear to have been fully explained. It is generally 
rendered as if it were diem tertium ante Nonas Januarius (the third day 
before the Nones of January). These designations are usually written. 
in a contracted form in the manuscripts, and these contractions are 
usually all that are to be found in chronological works, (See Gellius, 
iii, 2.) 


Januarius, Februarius, Martius, 
1 Kal. Jan. Kal, Feb, Kal. Mart, 
2 iv. Non. Jan. iv. Non, Feb, vi. a 
8 iii. ” iii. ” ve » 
4 Prid, Non. Jan, Pridie Non. Feb, iv. ” 
5 Non. Jan, Non, Feb. iii. ” 
6 viii. Id. Jan, Vill. 55 Prid, Non, Mart, 
7 vii, r vii, oy Non, Mart, 
8 vi, 8 vi. ni viii, Id, Mart, 
9 ¥. +o v. . vii. - 
10 iv. ” iv. ” vi, 9 
5 3g ee iti, a. y. Jom 
12 Pridie Prid, Id, Feb, iv. » 
13 Id. Jan, Id, Feb, iii, PP 
14 xix. Kal, Feb, xvi, Kal, Mart, Prid, Id. Mart, 
15 xviii. ,, xv. = Id, Mart, 
16> xvi, 5, xiv. > xvii, Kal, April, 
| ee See xiii, ” xvi. ” 
18 xy. ” xii. = xv. rs 
19 2, xi, in xiv, is 
90..x0h 1S x. ce Sid. A 
21 xii, % ix, re xii. ” 
22 xi. ” VI og xi, a 
23 x, F Vilosert ys x on 
24 ix, ” vi. ¥ ix. ” 
25 viii, ,, ve a viii +6 
26 vii, yy iv. rv vii. ” 
27 Ovi. ” iii, os vi. Pm 
28 Ov. ” Prid. Kal, Mart, v. te 
29 iv. ” iv. ” 
30 iii. its iii. ” 
31 Prid. Kal, Feb, Prid, Kal, April, 
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Aprilis. Maius, Junius, The intercalary year, whon introduced b: 
1 Kal. April. Kal. Mal. Kal. Jua. day bestowed upon it by aeping We the sixth day before the ialenle = 
2 iv. Non. April. vi, Non. Mal, iv. Non. Juni. March (whence the year was called bissectile) [BissexTILE]; so hese 
3 ili, v ” ici. ” the month of February ended thus-— 
4 Prid. Non, April. iv. ” Prid. Non, Jun. 23° vil, Kal. Mart. 
5 Non, April, ee Non, Jun, lt arylron : 
6 vii, ,, Prid, Non. Mal, vill, 55 Wty reap corny 
¥, (Wile Se Non, Mai, SA, Ming art. stars +9 
8 vi. * vill. 4, wis a ” > Kal, Mart. yo 
Sims vi Men _# 4a AY les 
10 iv, * vi. oe iv. ” 29 Pria. Kal, Mart. x 
11 iii. v in » iti, . - 
12 Prid. 1a. April, iv. ” Prid, Id, Jun, ‘ 
HE saiitet | Bia se'ua, | aii | me tin et ln arta rren he nr ra 
15 ae, “ta. Mai, ee. clumsy calendar are, that the ides are on the 15th of tht theo Ju 
16 xvi, elk; Kaldun, xvi, and October, and on the 13th of all the other months : that the 
IWraae. es 5) ee xv. y are wired on the ry par 
18 xiv. 45 xv. % SS wtg, counting : 
19 xiii, ,, Ae OR, sy raat to coanicaes days are numbered as far as he a 
20 xi, xii, yy xi. og required, backwards from the kalends, nones, or ides, each of these 
21 xi xii, yy xi reckoning as one day in counting from it. 
wee = x ly x ” ree teteed original Roman year is variously stated by historians at twelve. 
ee RE Re cee d ten months: the latter seems the best supported, ye a 
5 ny ” will; ” vi. ” wanted January and February, and had — and ae 
a eis ata eee: aa i place of July and August: these two months 
iy) igi thas “s Hf those of the two emperors who reformed the 
28 iv. x ¥. 2 iv. a quin introduced what was meant for a lunar year of 355 
en ys iv. re ; a year is supposed to have been more 
30 Prid. Kal. Mai, iii. Prid, Kal, Jul, decemvirs ; but there is a great deal of discussion upon all 
31 Prid, Kal. Jun, which would be quite out of place in ane but an historical oe 3 
Julius. Augustus, September. In the year 45 B.C. the correction made b 
1 Kal. Jul. Kal. Aug. Kal. Sept. assistance of es, was introduced, bat 
2 vi, Non. Jul, iy. Non, Aug. iv. Non. Sept. lengthened into 445 days, in order B aigen' 
3 y. a ii, aif iii. fall at the full moon following aoe tor ‘aa " 
Tf, Sern Prid. Non. Aug. Prid, Non. Sept. maximi who came after Julius Caesar mistook the 
5 ii, Non. Aug, Non, Sept, rection; by a bissextile every fourth year they tho 
6 Prid. Non, Jul, viii. Id, Aug. viii. Id, Sept. every fourth year, counting the last bissextile, 
7 “ye pee Nah ot a ” pretation of Cwsar’s rule, by which the fourth numbers 
er gta doce ae eee 1 were made not 5, 9, 13, &., but 4, 7, 10, &e. Tie woe sexpeetster al 
10 vi e iv se we. atl. Augustus, when Pontifex Maximus in 3.0. 8, who directed that three _ 
cia sk has ad The ae bissextiles from that date should be “omitted (being as many as had — 
BO eo Prid. Id. Aug: Prid, Id. Sept. been then superadded to Cwsar's calendar in years preceding), and and that 
13 iii, Id. Aug. Id. Sept. the mistake should be avoided in future, 
14 Prid, Id. Jul. xix. Kal. Sept, xviii, Kal, Oct, No further chronological difficulty occurred until the 3rd century, f 
15 Id. Jul. xe, xvii, yy when disputes about the mode of determining ne 
16 xvii. Kal, Aug. xvii, 4, xvi, yy perplex the Christian world. It is commonly stated that Co: 
17 xvi. Xvi, yy Xv. os of Nice made that adjustment which lasted until the » Gregorian, uo” 
. Betyg oe Siok: eee reformation. This is not correct: the council, Eusebius 
ae eat ar me and others, only ordained that all Christians should keep onone 
Sed: sit an aa . and the same day. [EasTer.] 
23 x. aie as x. es The Gregorian reformation (so called; we will not stop to give 
23 x. s x: A ix. A reasons for our protest the word) was a consequence of the 
Pty ee ix, ab my Soy desire that the seasons should remain in the same months for ever. 
96 ‘vill. yt ale vii. a The Julian calendar gave a year which i is too long at the rate of 3 ee 4 
26 vil, ys Vii, oy vi, ” in 400 years nearly. At this rate, in 24,000 years mi q 
27 vi yy vi. ” v ”» midwinter would have fallen in December and June. It mg he 50, 
SS ry, My, v. ” ng ” much to avoid this, as to keep the religious festivals in the same part 
4 “¥ ” 4 ” Prid. Kal. Oct. of the year, that is, in the same kinds of sian that the correction 
31 Prid. Kal. Avg. Prid. Kal, Sept. ; was insisted on by its advocates. The change had been discussed by — 
Noreen: Besccber individuals and even by councils during preceding centuries, and was 
October oven finally decided on by ry XIIL., with the authority of the council — 
1 Kal, Oct, Kal. Noy. Kal. Dec. of Trent. In 1582 the ene was carried into effect ; ten 
Sn | Bn se, | ha wdknea [ot Oster alng Doneantod the Ilr an tus the day; Sap gui 
. 4 v kid 0 to ig deno: e 50 e days 5, 6. ae 
Pee Gog) 70% Pri. Non. ae 10, 11, 12, 18, 14 of October, 1582, never existed in Italy and Spain, — 
6 Prid. Non. Oct, viii. Id. Nov. vill, Id, Deo. which ’acvepted the ae as soon as it was decreed. Some other — 
7 Non, Oct. ea oT ae countries, as France, which accepted it in the year 1582, but not so 
8 viii. Id. Oct, vi. a vi, ie early, had to make their changes accordingly, See Styxx for the 
@ vi” 5; v. * v. EF times of adoption in different countries. 4q 
10° Vie iv. n 2 es There was one incorrectness about this part of the change, but not 
ll y. ” Ail. ” iii. of any detriment. The equinox fell, at the time of the Nicene council, 
a “4 ” Prid. ory mare Prid. 1a. ~~ on the 21st of March, and the suppression of ten days was meant to 
34 Prid. 14’ Oct xvill, Kal, Deo xix. Kali Jen, make the equinox vibrate between the 2lst and 22nd, But in ponte v 
15 Id. Oct. igs . ba fact, the Alphonsine tables, which were consulted, are wrong by a 
Lx 3 “ a 4 in this matter, and eleven days should have been su The — 
16 xvii, Kal, Nov. a ae xvi, 2S ys PP ey 
17 xvi, xv, xvi, 4p consequence is [Prrtops or RevonuTion] that the equinox vibrates — 
| | es xiv. 45 xv. £ between the 2Uth and 21st of March. + tae 
19 xiv. ,, i ey Leaving out the parts of the Gregorian correction which relate to 
20 xiii. ,, oh ae sill 45 Easter, we proceed to the alteration of the mode of intercalation. This 
21 xi. =, xi. ” xii, yy is as follows :—Every year whose number is divisible by 4 is leap-year, _ 
22 xi, x. ” xi except ouly when the number ends with 00, in which case it is not 
3% = ” tz ” leap-year, except when the figures are divisible by 4. Thus — 
e nes ” vil ” will ” 1900 is not leap-year, but 1600 is. we take the most recent value 
‘Sat = re hee Wit oe of the length of the year, 365°2422414 mean solar days, and apply the 
7 vw | a ia, method in Fractions, Continuep, we shall see that the excess o! 
98 Y. pe iv. * v. - the real year above that of 365 days is something less than 1 day in ‘ 
he iti. “ iv. 4 years, more than 7 in 27, less than 8 in 33,* more than 39 in 161, 
30 iii. * Prid, Kal, Dee, ili. ” — 
31 Prid, Kal. Noy, Prid. Kal, Jan, * The Persians are said to haye used the intercalation of 8 doys in 33 years 
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benefit of ity of 50,000 years hence. As it is, the excess of 1000 
mean Gregorian years above as many of 365 days is 242°5 days: it 
would have been nearer the truth it been 242°242 days. Accord- 
1000 mean Gregorian years are too long by about a quarter of a 
day; more correctly, 3600 years give an error of aday. Delambre 

that the i Domini 3600, 7200, 10,800, &c., should not be 
ion ears, which they are to be in the Gregorian calendar, If the 
tank last till a.p. 3600, age Sa correction will be called by 
Delambre’s name ; if his memory uld then have perished, still 
of the present article, so that there is no use in pressing 


European years have been made to in at such different 
historical inquirer is frequently puzzled. We have 
which relate to our country in Pertops or Revowv- 
25th of December, the lst of January, the Ist of March, 
March, and Easter, have all been in use. 
the common year as it now stands, there are several 
things which it will be useful to remember. We can hardly forbear 
the verses which are so constantly in use, but we will do 
of 1596, in an arithmetical work :— 


Thirtie daies hath September, 
Aprill, June, and November, 
Februarie e?ght and twentie alone, 
All the rest thirtie and one, 


The common year begins and ends on the same day of the week ; 
leap-year ends on the next day, Thus 1843, not being leap-year, ends 
on Sunday, as it began; had it been leap-year, it would have ended 
on Monday. Many of those who call the year 52 weeks are hardly 
aware that it is 52 weeks and a day, or when leap-year, two days. 

To find the day of the month without an almanac, it is very useful 
first day in each month which has the same name as the 
year, as in the following list :— 


Ist of January, October, 

2nd of April, July, 

3rd of September, December, 

4th of June, 

5th of February, March, November, 
6th of August, 

7th of May, 


Thus in the year 1843 all the days just mentioned are Sundays, 
the same as the first day of the year. If these days could be connected 
by some decent , such as that already quoted, any one who 
remembers them would only have to bear in mind the name in the 
week of the first day of the current year, and would thus have a point 
to start from in every month. 

Since the above recommendation was given, such verses as were 
asked for appeared in the ‘ Notes and Queries,’ as follows :— 


“ The first of October, you'll find if you try, 
The second of April, as well as July, 
The third of September, which rhymes to December, 
The fourth day of June, and no other, remember, 
The fifth of the leap-month, of March and November, 
The sixth day of August, and seventh of May, 
Show the first of the year in the name of the day. 
But in leap-year, when leap-month has duiy been reckoned,’ 
These month dates will show, not the first, but the second.” 


The Mohammedan year is one of twelve lunar months, of 30 and 29 
days alternately, the last month, however, having 30 days in intercalary 
ears. To keep the months to the new moons, a cycle of thirty,years 
5 used, in which there are eleven intercalated years, being 


2, 5,7, 10, 13, 16, 18, 21, 24, 26, 29, 


of the cycle. This makes av lunar cycle : it supposes 10,631 
days to be an exact number o at which it is within about a 
hundredth of a day, giving an error of a day in 2500 years. Of course 
the Mohammedan year ia vague, its beginning retrograding through 
the different seasons of the solar year. The mode given in TurKIsH 
Cunowo.ocy does very well to determine the commencement, except 
that when the Christian year contains the commencements of two 
Mohammedan years, the fale will only give one; the other, however, 
may easily be inferred. When the comparison of dates is to be very 
close, no easy rule will be sufficient, and recourse must be had either 
to the list in the ‘Art de vérifier les Dates,’ to the rule and supple- 

tables in the ‘Companion to the Almanac’ for 1830, or to 
a method in De Morgan's ‘ Book of Almanacs.’ The year 1 
of the ra from July 16, 622, and the year 1260 begins 
January 10,1844, But from and after the year a.p. 1583 (991 of the 
Hegira) the ‘ Art de vérifier les Dates’ gives two commencements for 
every year (the second twelve days later than the first), which are, it 


s 


are of the same name, 


: ey far back in the middle ages; if so, their year was better than the 
Gregorian, 


says, according to the old calendar and the new one: no mention is 
made of this distinction, that we can find, in the introduction to that 
work, nor in other common sources. Our ‘ Nautical Almanac’ gives 
the commencements according to the new calendar. 

The unwise attempt made by the French, during their first revolu- 
tion, to alter the names and dispositions of the years and months, 
might now be quietly consigned to oblivion, if it were not that many 
excellent works bear the revolutionary dates upon their title pages, and 
political occurrences are frequently referred to them during the short 

eriod of their florescence. The year 1 of this period was made to 
feo September 22, 1792; each period of four years, or Franciad, had 
an Olympic or bissextile at its end. The three omitted leap-years of 
the Gregorian correction were found by the same rule as before, rela- 
tively to the years ending with 00: and the 4000th year was not to be 
leap-year. The year consisted of 12 months of 30 days each, with five 
sacred days at the end, dedicated to Virtue, Genius, Labour, Opinion, 
and Reward; the bissextile day being appropriated every fourth 
year to the renewal of the oath of liberty. For further detail see 

KALENDAR. 

YEAR-BOOKS. [Reponrrs.] 

YEAST, or FERMENT, a substance which is deposited in an in- 
soluble state during the fermentation of wine, beer, and vegetable 
juices. This substance, as is well known, is employed to produce fer- 
mentation in saccharine solutions. According to Liebig, the insoluble 
part of sen does not cause fermentation, for he states that if it be 
“ carefully washed with water, care being taken that it is always covered 
with water, the residue does not produce fermentation.” Neither, 
according to the same authority, does the soluble part of yeast excite 
fermentation until it has been allowed to cool in contact with the air, 
and to remain some time exposed to its action; if in this state it be 
introduced into a solution of sugar, it produces brisk fermentation. 

Yeast is a product of the decomposition of gluten, and when added 
to a solution of pure sugar, it gradually disappears; but when added 
to vegetable juices which contain gluten as well as sugar, it is repro- 
duced by the decomposition of the gluten, in the same way as it was 

iginally formed. According to Professor Graham, the action of yeast 

all other ferments is destroyed by the temperature at which water 
boils, by aleohol, by acids, salts of mercury, sulphurous acid, chlorine, 
iodine, bromine, by aromatic substances, volatile oils, and particularly 
empyreumatic oils, smoke, and a decoction of coffee; these bodies in 
some cases combining with the ferments or effecting their decom- 
position. 

Mr. Fownes gives the following as one mode of producing yeast 
without the aid of a ferment. Wheaten flour and water are mixed to 
the consistence of a paste, and slightly covered up in a warm place; a 
sour odour is produced, and carbonic acid gas given off, about the third 
day ; by about the sixth day the odour becomés vinous rather than 
sour; and then the substance has practically become yeast, or a sub- 
stitute for it. It may be either used at once, or laid by for future use. 
In the latter case, it is made into small thin cakes, and dried in the 
air; when about to be used, the cakes are dissolved. This is nearly 
equivalent to the ancient mode of making /eaven. Mr. Cooley describes 
a mode of making yeast with the aid of a ferment. About } lb. bean- 
flour is boiled for half an hour in 6 quarts of water. The solution is 
poured into a vessel; 34 lbs. wheat-flour is added and stirred in; when 
cooled down to about 55° Fahr., 2 quarts of beer-yeast are added; and 
when the mixture has fermented for 24 hours, 7 lbs. of barley-flour or 
bean-flour is thrown in. The composition is kneaded into dough, made 
into cakes, and kept in’a dry place till wanted for use. 

This subject is further illustrated under Breap; Brewina; Fer- 
MENT. 

YELLOW. [Catico-Printine; Dyere.] 

YELLOW FEVER. [Fever, Yetiow.] 

YELLOW OCHRE. (Cotovric Marters.] 

YEW, Economical Uses of. Nearly every part of the yew tree is 
applied to some useful purpose, Consi as timber, the wood is 
hard, compact, of a fine and close grain, flexible, elastic, easy to split, 
and little affected by atmospheric changes. It varies in tint from 
——s to deep brown, with a hard white sap-wood. Both the real 
wood and the sap-wood will take a very high polish, It has been found 
that the wood, when cut into thin veneers before being seasoned, and 
steeped some months in a pond, took a purple-violet colour. Yew 
timber takes a long time to dry, but shrinks little during the drying ; 
showing that the moisture contained, though’not large in quantity, 
clings with great obstinacy among the fibres. The fineness of its grain 
renders it well fitted for cabinet-making pu es, when used asa veneer 
and polished. The wood is converted by the turner into vases, boxes, 
and numerous kinds of useful and ornamental articles. Beautifully 
veined pieces are often obtained from the root and the knots of the 
branches. Yew is one of the best of all kinds of timber for hydraulic 
engineering, such as water-pipes, pumps, piles, &c., on account of its 
power of resisting the action both of air and water. In France axle- 
trees are often made of yew. The branches are useful for making 
stakes and hoops ; and the young shoots for baskets and ties. Yew, in 
its power of repelling or resisting vermin, has been recommended as a 

ood material for wooden bedsteads. Before the invention of gun- 
powder the most important use of the yew was in making bows for the 
archers, Roger Ascham, in his ‘ Toxophiles,’ published in 1544, states 
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that “ Ewe fit for a bowe to be made on,” is the bough, the plant 
(stem !), and the bole; the bough is knotty, the plant is apt to break, 
and the bole, or boole, is pronounced to the best. He adds, “If 
you come into a shoppe and fynde a bowe that is small, longe, heavye, 
stronge, lyinge streighte, not wyndynge, not marred with knotte, gaule, 

hake, wen, freat, or pinch—bye that bowe of my warrant.” 
The pieces of yew fashioned into bows were from 4 to 6 feet in length. 
In the time of Elizabeth foreign yew began to grow scarce; it was 
much preferred to English, insomuch that a bow of foreign yew was 
valued at 6s, 8d., when one of English Saal sold for 2s. Italy, Turkey, 
and Spain, were in succession nearly exhausted of yew for this purpose ; 
until at length it became customary to join two pieces together—yew 
to make the belly of the bow, and ash or elm for the back, At the 
present day, very few yew trees are found with such a growth of trunk 
and branches as to be suitable for bows, 

The nut yields an oil nutritious for fattening poultry. The dried 
leaves are sometimes used medicinally, and so are other portions of the 
tree, but not to any great extent, as there is much poisonous matter 
secreted by the yew. This poison is one of the causes of the durability 
of the tree, as it repels the attacks of insects. 

YORK, CUSTOMS OF. [Wrre,]} 

YTTRIA. [Yrreem.] 

YTTRIUM (Y). This very rare metal occurs as an oxide in several 
minerals. The names, sources, and properties of these minerals have 
already been described. [Yrrrtum, in Nat. Hist. Drv.] Yttrium 
itself is obtained on heating a stratified mixture of chloride of yttrium 
and potassium in a platinum crucible, After removing the chloride of 


potassium by water the ium remains in dark, iron-gray, ‘ 
Iverulent scales, Unde the burnisher it assumes «high poor -} 
ustre ; it is not oxidised by steam or at a red heat in the air, _ 
Yttrium burns with splendid scintillations in oxygen 
ges, and yields a white protoxide, or yttria. Yttria is best obtained 
mm the mineral gadolinite, which is 
mixture filtered, the filtrate evapora’ digested 
in dilute hydrochloric acid, again filtered, the filtrate mixed with large _ 
excess of crystallised pede od of potash, the solution | ‘ ’ 
neutralised by ammonia, iron precipitated by succinate of a 
and ammonia added in excess to throw down basic sulphate of yttria, 
| The latter by digestion in carbonate of ammonia solution is converted 
into carbonate of yttria, which by evaporation to dryness and ignit 


furnishes oxide of um, its 
| Yttria is a white powder of specific gravity 4842; is inodorous and 
tasteless ; is insoluble in alkalis, but soluble in their carbonates, 


especially that of ammonia. It occurs as a hydrate when 
from aqueous solutions of its salts. 

Phosphorus, sulphur, iodine, bromine, &c., combine with yt 
to form more or less crystalline colourless salts. Chloride o 


) is formed on passing chlorine over a mixture of yttria’ chare 


heated in a porcelain tube ; it forms white shining needles. Sulphi 

of yttria, obtained as above indicated, occurs in four-sided transpai 

| prisms which lose water at 176° Fahr. and become milk-white 

change of form. ; we 
Solutions of yttria are characterised by yielding a white precipitate — 

| with ferrocyanide of potassium. ee 


Z 


7, like Y, was only found in the later Roman alphabet [X], from 
» which it has been transferred to the alphabets of Western Europe. 
In the Greek series of letters it occupied the seventh place, the sixth 
being the property of the subsequently disused Vau or F. Two 
nestions then arise which deserve an answer: how was it that the 
mans gave this letter a place so different from that occupied by the 
Greek letter? and secondly, how are we to account for the Latin 
letter G occupying the place which should have been given to Z? We 
would first observe that the Greeks were surrounded on the north by 
Slavonic races, with whom an abundance of sibilants has always been 
in favour, so that the early position in the alphabet of Z need surprise 
no one. In the second place, we strongly suspect that the genuine 
sound of the Greek Z in early times was not, as is sometimes stated, 
that of ad or ds, for then it would have been a superfluous letter, and 
would scarcely have appeared so early in the alphabet. We would 
rather believe that the sound was similar to that of the English j, in 
which case the established interchange of (and & before vowels would 
be explained. For instance, the form Zevs in that case would not 
surprise us alongside of either Avs or Jupiter, Jovis, &c., or of the 
Italian Giove. [D; J.] Next looking to the Roman alphabet we are 
disposed to contend that the character G was originally employed with 
the same power. At any rate it was not the equivalent of the Greek, 
for the third letter of the Roman alphabet, C,as it derived its form 
from the Greek I, merely changing its angle into a curve (a change 
not unknown to the Greeks themselves, see the tables of the old Greek 
character under ALPHABET), also possessed precisely the same power, 
a fact for which we have abundant testimony among the Romans 
themselves, [C.] But if G originally represented a sound different 
from the thick guttural I, what sound is more likely to have belonged 
to it than that of our English j, when we know that this sound is still 
current in Italy, although they want a single character to represent it, 
and, secondly, when it is an undoubted fact that the two sounds are 
very apt to be interchanged. In our own tongue the very letter in 
question performs the two offices we are speaking of, in gender and get, 
even before the same vowel; and we once met with a child already ten 
years of age, whose ear and tongue could make no distinction between 
goose and juice. In point of fact, the three sounds of di before a vowel, 
of an English j, and of our initial y, are closely related. Those who 
read the ballads in Perey’s ‘ Reliques’ will find many words where a z 
is used with the power of a y, as is still the case in the Scotch names 
Dalzel, Mackenzie, and the Scotch word capercailzie, for the English 
pronunciation of these words is incorrect in giving to them the sound 
of our English z. Nay, in words where an n precedes z, the sound ng 
is heard: thus Menzies is pronounced Ming-es. But if the Latin G 
and the Greek Z had originally the same power, as well as the same 
place in the alphabetical series, it becomes difficult to believe that the 
G alone of all the Latin letters did not derive its form too from the 
Greek symbol. Nor is the change so violent as would at first appear. 
If the Greek Z be written with its oblique shaft from north-west to 
south-east instead of from north-east to south-west (a supposition 
having little difficulty in it, if letters were originally pictorial), then 
the ordinary chan hess an angle to a curve would bring us to some- 
thing very near the true Roman G, Or again, taking the ordinary 


Greek Z, the upper horizontal line is already greatly shortened in l 
cursive character ¢,and in the same way might easily slip into the Latin — 
ahavant 


ZAFFRE. [Copatr,] { ah : 
ZEMINDAR, a Persian word which signifies literally a landholder. 
The word was introduced into Hindustan by the Mohammedans, but it 
is probable that the office to which it is applied was in 
caianes min manhole nenen at 1a isati ich extends — 
throughout the whole of Hindustan, A village in Hindustan is not — 
simply a collection of houses smaller than that of a town; it is a tract 
of country comprising hundreds (sometimes thousands) of acres of — 
arable and waste land, the inhabitants of which form a sort of O- 
ration, with several officers, each of whom has his distinct duties. The 
head man of this village corporation is the potail, who has at his com-— 
mand the village police, A number of villages form a district, which 
is larger or smaller according to the number and extent of the villa 
The head man of such a district is, in the greater part of Hindustan, — 
called a zemindar, and the district itself a zemindary. The ; 
business of the zemindar is to collect the revenues of his di for | 
the government; and that he may do this effectually, the police of the 
district is under his control. The collectorate, however, is not insepa- 
rable from the zemindary ; and should the collection be withdrawn, as — 
it occasionally was, the zemindar still remains the head man of the | 
district, and the representative of it to the government. , -* 
This account of the zemindars applies to such of the states of Hin- 
dustan as were independent of the British government; but a chan 4 
in the collection of the revenue was made under Warren Hastings 
1772, when the zemindaries were let to the highest bidder for a term 
years, the zemindar in possession, however, being preferred when he 
offered terms which were deemed reasonable. or. 
At length a permanent settlement was made with the zemindars 
during the government of Lord Cornwallis, in 1791, but was not com. — 
pletely carried out till 1793, forming, as it did, a part of the gr 
financial and judicial reforms introduced by him. The amount to be 
cee to the government was settled at a fixed rate, in the first inst: 
‘or aterm of ten years; but this was to be rendered permanent if 
sanctioned by the authorities in England. The zemindars were recog- 
nised as proprietors of the soil, and thus have become, in fact, under 
the British government, what they had not been before, nor are 
under the native governments—landed proprietors of the zem 
The ryots, all of whom had hereditary rights in their lands, were 
over to the zemindars, who too uently used their new po' 
oppressively, But in 1822 it was enacted that tenants holding lands 
any hereditary or prescriptive rights should not be di 
long as they paid the rents agreed upon, nor should ‘ 
increased except under certain ence circumstances, The zemi 
may dispose of the lands as he thinks fit, and the government does. 
interfere, so long as the tax is paid. i} 
(Mill's History of British India, by Wilson; Malcolm's Central India; 
Jones, On Rent. . ee 
ZEND is the name usually given by Parsee priests to the language 
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_ the sacred writings, and this expression has 


_ of the Parsees, which are ascri 
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b 
ona m of the ‘Ormuzd-Yesht,’ and of 


one. from the ‘ Ulemé-i-Islim’; for it is now certain that Thomas 


was quite correct in calling Zend and 
confirmation of his view, one 
ersian Dictionary Burhin-i-Qati will suffice. It 

:—“ Zend is the name of a book which, as Ibrahim 
_affrmed, had come down from heaven on his account. 
that it is the name of a book of Abraham ; and others again 
that Zend and Pizend are two works or parts of this book. 
also the name of a Turanian Vezir of Sohrib, the son of 
who was killed by Rustem. ... . . Pazend is a commentary 
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on the Zend, and Zend is a book of Zerdusht. Some, however, reverse 


this definition, by saying that Zend is a commentary on the Pizend. 
Again, others maintain that Zend and Pazend are two books on fire- 
ip, composed by, Ibrahim Zerdusht; and one author says that 

i ion of the Zend.” (Spiegel, ‘Grammatik der 

i , p. 3.) This passage clearly shows that neither Zend nor 

P is the name of a language or dialect, but it likewise gives 
evidence of the difficulty which even learned Persians evinced in ascer- 
taining the correct meaning of the terms. Nor can we affirm that it is 
Mew ead solved by the present results of Oriental philology. Dr. 
iedrich Spiegel, who has translated into German the sacred writings 
of the Parsees, expresses himself to the following effect (Introduction 
to ‘ Avesta, die ee cog aomaigg der Parsen,’ Leipzig, 1852, p. 45) :— 
“ Avesta, or, in its o! form, Apestik, means literally the text, and 
is the only correct designation which the later Parsees use for the text 
of their sacred writings whenever do not employ the term din, or 
‘law, which word, however, is probably to be taken in a more limited 
sense. In the invocations of the Yas’na, and elsewhere in the oldest 
) occurs for 
under the form 
language of this oldest period, the Parsees 


i 


divine language. . . . tf sapesins era? a 


A widely different opinion on this subject is given by another 
scholar, w labours have for many years been devoted to an 
meeting. of the old Parsee writings. In a lecture he has 
recently - Ist of March, 1861) delivered at Poona, on the Origin 
of the religion, Dr. M. Haug makes the following state- 
ment; “I have discovered in oro prey books now em Yas’na, 
Visporatu, Vendidad, and Yashts, three classes o' ancient 
igious Persian literature which are spoken of by ancient Moham- 
writers and Persian i viz., Avesta, that is, 
‘original text,’ Zend, that is, ‘com: and Pazend, that is, 
notes 


*ex of the commentary.’ opinion of the Parsee 
that Zend and Pizend are names of is wholly wrong, 
These three classes may be best discrimi in the Vendidid, or 


code of religious, civil, and criminal laws, customs, and usages, chiefly 
in its fourth chapter. We find that verse 1 (in Westergaard’s edition) 
ig Avesta, being an ancient and scarcely more intelligible law ; 2-10, 
its Zend, or commentary; 11-16, Pazend, or further explanation of 
the commentary. I shall treat this subject, as well as many other 
things fully in my ‘ Essays on the sacred writings and religion of the 
Parsees,’ to be published, as I hope, in the course of this — 

To enter into any speculation on the different periods of the language 
of the Avesta would be premature, after the confession made by the 
best living Zend scholars, that they are unable as yet to cope with the 
considerable difficulties which beset its study. e must, therefore, 
confine ourselves here to the statement that this e, which—as 
observed—now passes by the erroneous name of Zend, is one of the 
Tudo-E) stock, and bears so great and intimate an affinity to 
the Sanskrit of the Vedas, that without a knowledge of the latter, we 
should probably never have arrived at a correct appreciation of the 
forms ot the language of the Avesta. The ingenious comparisons be- 
tween both languages made by the celebrated Sanskrit scholar, Eugdne 
Burnouf, in his ‘Commentaire sur le Yagna,’ have laid the first solid 
foundation of our present knowledge of Zend, and the place it holds 
amongst Indo-European languages is best illustrated in the excellent 
‘Comparative Grammar’ of Professor Franz Bopp. * 

D-AVESTA is the name commonly given to the sacred books 
bed to Zarathustra or Zoroaster ; it 
would be better, however, to call them Avesta, which word means text, 
or original text, since Zend designates the commentary on this text, 
Parsee tradition tells us that these books originally consisted of twenty- 
one nosks or divisions, but that they were destroyed by Alexander 
the Great, who all that they contained of medicine and astronomy 


translated into Greek, and the rest burnt. There is much reason to 
doubt the accuracy of this report ; but whether true or not, it iscertain 
that the Grecian conquest was highly detrimental to the old Parsee 
religion and its sacred texts, and that the restoration of both did not 
take place before the elevation to the throne of Ardeshir, the first king 
of the Sassanian dynasty, or about 220 after Christ. Heand the kings 
of his lineage ordered a collection to be made of all that remained 
of the sacred Parsee texts, and it is this collection which we 
possess now under the name of Avesta. But not all of the books 
deemed sacred by the Parsees can strictly speaking be included under 
this name. It belongs more particularly to the three which are seve- 
rally called Vendidad, Vispered, and Yas'na, whereas the remaining 
writings are comprised under the denomination of Khorda-Avesta, or 
“small Avesta.” 

The latter contains short prayers, and especially the Yash(s or 
Yeshts, hymns addressed to the different genii, on the days which bear 
their names and ‘are sacred to them, or on the days of those genii 
who are considered to be the attendants of the former. 

The Vendidad consists of twenty-two Fargards or sections, which 
treat of cosmogony, and, moreover, may be called the religious and 
civil code of the old Parsees. The first Fargard relates how Ahura- 
Mazda (now called Ormuzd), the good spirit, created the several 
countries and p —sixteen are named—excellent and perfect in 
their kind, but that Angré-Mainyu (now called Ahriman), the evil or 
black spirit, created in opposition all the evils which infest these 
worlds. In the second Fargard, Zarathustra (or Zoroaster) bids Yima 
announce to mankind the sacred law he had taught him; but Yima 
refuses compliance with this behest. He then bids him enlarge the 
worlds and make them prosperous. This time Yima obeys, and carries 
out the orders. given him by Ahura-Mazda. The third Fargard 
enumerates first the five things which are the most agreeable, 
then the five which are the most disagreeable, and after- 
wards the five things which convey the greatest satisfaction, to this 
world. It concludes with questions and injunctions of a kindred sort. 
The fourth F may be termed the criminal code of the Avesta. 
It enumerates, in the first instance, various offences which are con- 
sidered to be so grave as to affect not only the person who commits 
them but also his relatives; and then proceeds to define the punish- 
ments incurred by the offender, The eight following Fargards contain 
injunctions in reference to impurities caused by dead bodies, The 
thirteenth F; begins with the description of two kinds of dogs,— 
the one created by Ahura-Mazda, the other by Angré-Mainyu,—the kill- 
ing of the former being afcriminal, that of the latter a meritorious, act; 
and the remaining part of the book is devoted to the proper treatment of 
dogs in general, a subject of much importance in a country hy alice | 
much infested by wolves, and continued’ in the fourteenth Fargard, 
which enumerates also the penalties for injuring dogs. The treatment 
of young dogs is likewise the subject-matter of the latter part of the 
fifteenth Fargard, which in its first sections treats of sexual offences, 
and the bringing up of illegitimate children. The sixteenth Fargard 
teaches how’to treat women in their menses, or when otherwise affected 
with impurities. Impurities caused by the cutting of hairs and trim- 
ming of nails, are the subject-matter of the seventeenth Fargard. The 
next F; is more of a mixed character; it treats of various cere- 
monies, such, for instance, as are to be practised during the night and 
at sunrise ; and gives injunctions on cleanliness, decency, and moral 
conduct. The nineteenth Fargard relates how Angré-Mainyu endea- 
voured to kill Zarathustra, but how the latter successfully defended 
himself with the weapons given him by Ahura-Mazda. The evil spirit, 
it continues, being aware that it had no material power over Zarathustra, 
then resorted to temptations; but these too were defeated by the 
prophet, who now resolved to conquer the evil spirit, and for this 
purpose addressed to Ahura-Mazda various questions on the rites of 

urification and the condition of souls after death. The twentieth 

‘argard contains some information about the first man who understood 
curing disease, The twenty-first Fargard is devoted to the phenomena 
of the sky and the luminous bodies; it comprises invocations of the 
clouds, the sun, the moon, and the stars, The last Fargard relates that 
Angré-Mainyu having engendered diseases, Ahura-Mazda is compelled 
to Sorte remedies against them. In the first place he has recourse to 
Manthra-s' penta, the sacred word, but it is powerless, He then sends 
Nairyo-sangha to Airyama with the command to produce several useful 
animals and things for this purpose; and the Fargard, evidently a 
fragment, concludes with relating that Airyama produced nine kinds 
of male horses, nine kinds of male camels, nine kinds of oxen, nine 
kinds of small cattle, and nine kinds of pasture ground. 

The form of all these Fargards is nearly always that of a dialogue 
between Ahura-Mazda and Zarathustra, and the same form is now and 
then also observed in the two other portions of the Avesta, which 
differ materially in their contents from those of the Vendidad. 

Vispered and Yas'na bear prominently a liturgical character, They 
are invocations of nature, of the deities who are believed to govern its 
course, of time, seasons, and other objects connected with acts of pious 
veneration; they also contain views of creation of a speculative kind; in 
short, they are chiefly the religious and liturgical code of the old Parsee 
religion, whereas the Vendidad, as observed, is chiefly—though not ex- 
clusively—concerned with the pence of social and daily life. 

The religious belief taught in the Avesta rests on the dualism of the 
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two great principles, Ahura-Mazda, or “the good,” and Angrd-Mainyu, 
or “ the evil principle.” The genii subordinate to the former are the 
Amesha-spentas, six of Whom are named in the Yas’na, namely: Vohu- 
mand, who protects living beings; Asha-vahista, or the genius of fire ; 
Kshathra-vairya, or the genius of metals; S'penta-Armaiti, or the 
i genius of earth; Haurvat’, or the genius of water; and 

meretat’, or the genius of trees, They are severally opposed by the 
Daevaz, or demons, subordinate to Angré-Mainyu,—by Akomand, 
Andar, S’aurva, Naonghaithi, Tauru, and Zairioha, Other demons 
oceur in the tenth Fargard of the Vendidad, Both these principles— 
which in the more philosophical language of the second part of the 
Yas‘na (the GAthis) are also conceived of as the principles of existence 
and non-existence, of life and death, of good and evil—pervade creation 
and are in permanent strife. The worshippers of fire belong to Ahura- 
Mazda, whereas the worshippers of the Daevas are vorbis, by Angré- 
Mainyu, the spirit of evil. 

It is the latter class of deities which throws a strong light on the 
obscure antiquity of the sacred books of Zoroaster. The Dacvas are in 
substance and name the Devas of the Hindus. To the latter, how- 
ever, they are the good and friendly gods, protectors of men, and 
worshipped by them in sacrificial acts. The religion of Zoroaster 
assumes, therefore, the character of being antagonistic to the Hindu 
creed ; and, in accordance with this view, we find that Indra, one of 
the principal Vaidik gods, and one of the principal Hindu gods of the 
later literature, isin the Avesta the Daeva Andar; that the Ndsatyas, or 
As‘wins of the Hindus, are the Daeva Naénghaithi; and S’arva, a later 
name of S'iva, isthe Daeva S’aurva. It would seem, therefore, that Zo- 
roaster belonged to a period of antiquity when great religious dissensions 
had already separated, or begun to separate, the two sister nations of the 
Hindus and Parsees ; but it would be hazardous to extend this inference 
to any allegation of date, or even to the assumption that Zoroaster pre- 
ceded the Vaidik songs of the R'igveda poetry ; for though a belief has 
been recently expressed that the word faradashti, in a R’igveda hymn, 
is the Sanskrit form for the name Zarathustra, this bold conjecture is 
noways warranted, neither by a sound comparison of both words nor 
by the context in which faradashti occurs; whereas, on the contrary, 
there are circumstances which seem to indicate that Zoroaster inveighed 
against that form of Hindu worship which belongs to a period posterior 
to that of the Rigveda hymns. It is remarkable, for instance, that 
though there is a manifest tendency in the Avesta to invert the cha- 
racter of the friendly deities of the Hindus, the Zend Ahura, which 
emphatically occurs as a propitious name in Ahura-Mazda, co’ onds 
in meaning and form with the word Asura of the R'igveda; whereas 
this same word Asura means a demon in the literature of the Hindus 
subsequent to the Vaidik poetry, and then only is the counterpart of 
the Avesta word. 

The worship taught by Zoroaster seems to have been of the simplest 
kind, the adoration of fire by means of hymns and offerings, chiefly, if 
not exclusively, taken from the vegetable kingdom, An essential con- 
comitant of the sacrifice is the juice of the Haoma, or the Soma plant, 
which occupies an important part also in the Vaidik rites. [Vepa. 
This worship however must not be confounded with the complica: 
ritual of later periods of the Parsee creed, which assumed a similar 
development to that based by the Hindus on the R'igveda text, and is 
indicated by several portions of the Avesta, which cannot be looked 
upon as its earliest part. 

This part evidently consists of the second division of the Yas‘na, or 
the Githis, for some of them are quoted several times in the remaining 
portions of the Avesta. But whether all the Gathis precede the first 
part of the Yas‘na and the rest of the Avesta, and whether the dialect 
in which they are written differs from the language of the rest merely 
on account of local peculiarities, as Professor Westergaard holds, or on 
account of its earlier date, as other scholars assume, is a question which 
it would be difficult to decide in the present imperfect state of Zend 
philology. Nor would it be safe to say whether Zoroaster, to whom 
the original Avesta is ascribed, composed all or any of the remains in 
which the present collection kas come down to us, Dr. Haug, it is 
true, who has given us a translation of the Githds, says in a lecture he 
delivered at Poona, on the Ist of March, 1861; “TI shall now give the 
proofs that these collections of ancient songs (the Githis), or at least 
some of them, were really composed by Zarathustra himeelf, with some 
remarks which will throw light on the origin of the religion. 1. 
Whilst in those portions of the Zend-Avesta which are written in the 
usual Zend language (or it might perhaps more properly be called 
Bactrian) we find Zarathustra spoken of in the third person; now in 
these gongs he is speaking in the first person, and sometimes calling 
himeelf by his own name, #0 says he in one passage (Yas‘na, 43, 8): 
“Tam Zarathustra, I shall show myself as a destroyer to the wicked, 
and a comforter to the good.’ 2. From the whole tenor of these songs 
(chiefly of the second collection, called Githd-ustavaiti) we are led to 
the opinion that a man of quite an extraordinary stamp stands before 
us, acting a grand part, not only on the stage of his country’s history, 
but on that of the universal history of the human race. He says 
that he is a prophet or a messenger, sent by God to propagate 
civilieation, especially agriculture and the blessings of a settled state 
of life (once he is called a prophet of the spirit of the earth, Geusurva), 
and to destroy idolatry as ruining the body as well as the soul.” But 
it is clear that arguments of this kind do not warrant the certainty 


and confident so ges of texts, but to the 
is wiser to eee Peony is is not a3 oo tagnaaees peers 
Zoroaster is the author o or any of the tary 

of the Avesta which are the subject of this brief notice, nor to venture 
upon a guess at the period at which he may have founded the 
Parsee religion. All that is really settled by modern investigations is 
that it would be erroneous to assign to him the date of Darius’ father, 
ince it is indubitable that the Kava Vistas'pa of the Zend-Avesta, 
under whose reign Zoroaster lived, is not the Vistas’pa or H, 

who is the father of the celebrated king Darius, the lineage of the — 
latter being totally different to that of the former. When therefore 
the modern Parsees assign to their prophet the date of 550 B.c. they 
must be wrong ; and if Zoroaster really lived at any of the remote dates 
which have been guessed by European writers, this fact would give us the 
interesting conclusion that there isa religious community whi 
its founder to have existed about 1000 years later than he 

ZENITH and NADIR, two Arabic terms, imported into 
with astronomy, to signify the point of the heavens immediately 
the spectator, and the opposite (invisible) point below him. The 
latter term, though still mentioned in books on the use of the globes, 
is quite obsolete among astronomers; the former is very frequently 
employed. 

The zenith is the point at which a vertical line cuts ‘the heavens. If 
the earth were a sphere, this vertical line, or that in which a plumb- 
line hangs, would pass through the centre of the sphere. t the 
earth being a spheroid, the vertical line, which is everywhere perpen- 
dicular to the tangent-plane, does not pass through the centre of the 
spheroid, but a little nearer to the spectator’s side of the equator. 

ZENITH SECTOR. This instrument is, as its name implies, a 
portion of a divided circle, which is employed in measuring the zenith 
distances of stars. Picard, in his celebrated operation for determining 
the figure of the earth, first applied a short are to a long gen 
thus obtaining at the same time great accuracy with portability. 
instrument which he used for measuring the celestial are between 
Malvoisine, Sourdon, and Amiens, is figured and described in his tract 
entitled ‘ Mesure de la Terre ;’* the following is a copy of his plate 
and description, The instrument is of iron, strengthened with edge- 
bars, and covered with copper in the places required. The limb con- 
tains only about the twentieth part of the circumference of a circle of 
ten feet radius, and is divided by transversal lines | Vernrer] to thirds 
of a minute. The telescope is ten feet long, and the wires are illu- 
minated either from the top or by an aperture on one side of the 
telescope. Tbe plumb-line is enclosed in a tin tube to it from 
the wind, and the observations were always made in a close apartment 
through an aperture in the roof. 

The figure shows all this sufficiently, and also the foot-screws for 
setting the axis vertical, which it is when, on turning the instrument 
round, the plumb-line hangs before the same division of the limb. In 
making the observation, suppose the axis to be vertical and the limb to 
be towards the reader, as in Jig. 1 (the limb should also be in the plane 
of the meridian), and the telescope directed to a star, at its transit. 
Now if we suppose a line to be drawn through the centre, to 
the line of sight of the telescope, the angle between the line so drawn 
and the plumb-line is the zenith distance of the star; but as the point 
where the arc is cut by the line supposed is not as yet defined, except 
by its parallelism to an optical and intangible line, there is as yet no 
measure. Read off, however, the division on which the plumb-line 
beats. Turn the instrument half round on its vertical axis; when the 
plumb-line remains on its former division, and the te points to 
the same zenith distance, but on the other side of the zenith ; if, then, 
we would observe the same star as before, the sector must be turned 
on its horizontal axis through twice the zenith distance; and as the 
plumb-line always keeps parallel to its position, and passes the 
centre, the division on which it now beats must be distant from the 
division first bisected by twice the angle moved through, that is, by 
twice the star’s zenith distance, and the division which bisects the two 
readings is the zero point, or reading which corresponds to the zenith, 
It is not necessary that the star should be observed in both positions 
on the same night, provided the centre and arc of the sector continue 
to have the same position with regard to the line of sight. In this 
case, reversion on a following night will serve just as well for deter- 
mining the division which corresponds to the zenith direction of the 


* The first edition of this admirable work was published in 1671; there haye — 
been numerous reprints of it since, 
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that which was intended by the 
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as a correction, additive or subtractive, to all the observations, according 
as they are on one or the other side of the zenith. 

Picard enters into no details with respect to his observations, but 
gives at each place a zenith distance, which is the mean of a considerable 
number. He only observed one star, and that to the north, namely, 
the Knee of Cassiopeia (5), giving as a reason, “ that a star nearer to 
the zenith would have been more difficult to observe, and that if the 
star had been between the two zeniths, the error of the instrument 
(the division ing to the zenith, or error of collimation), 
which might have been imperfectly determined, would have been 
doubled in the apparent distance between the two zeniths, because 
then the sum of the two observations must have been taken; whereas 
when a star is always observed on the same side of the zenith, there is 
only the difference to be taken, which must be correct, provided the 
instrument is well centred and well divided.”* 

In 1674 Hooke published * An Attempt to prove the Motion of the 


Earth from Observations,’ in which he describes the instrument he | 


contrived for o ing the distance of y Draconis from the zenith of 
Gresham College, and apparatus for measuring the variations which 
might occur. This consisted of an object-glass of 35 feet focus 
length, fixed at the top of the house, and referred by two plumb-lines 
hanging from a bar in the object-cell and passing through apertures 
in the floors, to a system of wires below. Before each observation 
Hooke set certain marks in his wire-cell to the pluimb-lines, then 
fixed the wire-cell, removed the plumb-lines, and bisected the star ; 
after the observation, he her the position of the wire-cell on 
replacing the plumb-lines. There is a great deal to admire in this 
simple and ingenious contrivance, but his menswrator for noting the 
small variations seems clumsy and inexact. “Inconvenient weather 
and great indisposition in his health” limited Hooke’s observations to 
four in number, from which he erroneously concluded that there was 
an annual parallax of the earth’s orbit, and therefore that Copernicus’s 


* We have given the above extract from Picard because it shows, we think, 
that he did not reverse his sector at each place ; if he had, he must have got a 
double zenith distance free from all fized errors but those of centre and division, 
and his reasoning is not correct, The assumption which he tacitly makes, that 
the error of collimation continued to be the same during his observations at 
different places, is not allowable, It is evident that with such an instrument 
the exact adjustment to the meridian would be difficult, and hence probably his 
choice of a star, which, being distant from the zenith, required less nicety in 
this adjustment. 
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theory was true. With very little alteration, such as a nicer reference 

of the plumb-lines to the cell of the eye-piece, and a screw micrometer 

for a mensurator, Hooke’s apparatus would still be applicable; and 

if his idea of using a deep dry well for the telescope-tube were 

peat 4, we conceive that most accurate determinations might now be 
e. 

Several observers about this time discovered a motion in the stars 
which they could not account for. Picard, Roemer, and Flamsteed all 
found that the position of Polaris varied at different times of the year, 
and Flamsteed fancied that the change was due to parallax. In or 
about 1725, a gentleman of the name of Molyneux, then resident at 
Kew, employed Graham to make him a parallactic telescope, so called 
from its object, namely, to discover the change of place in the stars 
occasioned by the earth’s change of position in her orbit. This is 
described in Smith’s ‘ Optics,’ book iv., cap. 7,and more fully in Mr, 
Molyneux’s own words in Bradley’s ‘ Miscellaneous Works and Cor- 
respondence,’ p. 93. It consisted of a telescope 25 feet long, with a 
short cross axis at the upper end, just at the place of the object-glass. 
This axis was so adjusted on its supports that the telescope moved in 
the meridian. A plumb-line hung on one end of the axis and passed 
over a dot ina plate fixed on the tube near the eye-end. The tele- 
scope was drawn forwards in the meridian by a string and weight 
passing over a fixed pulley, and pushed back by an antagonist-screw, 
which had a divided head and index. To make the observation the 
plumb-line is first made to bisect the dot by the screw, and the division 
read off; then the star is bisected also by moving the screw, when the 
division is again read off. The revolutions and parts through which 
the screw is moved measures the angular distance of the star from a 
line in the heavens, which continues fixed, if there is no change in the 
relation of the object-glass and wires to the axis and dot. 

Observations were made at Kew for some time with this instrument 
by Molyneux, Graham, and Bradley ; and in 1727 Bradley had a zenith- 
sector constructed by Graham with which he made his celebrated 
discoveries of aberration and nutation, There is a short description of 
this instrument by Maskelyne in the first volume of his ‘Greenwich 
Observations,’ p. 9, which Rigaud has reprinted, with some memoranda 
by Bradley, in the ‘ Miscellaneous Works, &c.; but Bradley himself 
gave no description in his Memoir on Aberration (‘ Phil. ‘l'rans.’ vol. 
XXxxv., p. 637), and in his following Memoir on Nutation (‘ Phil. Trans.’, 
vol, xlv., p. 1) satisfied himself by referring to the description of a 
sector on a similar construction. (‘Dégré du Méridien entre Paris et 
Amiens,’ 1740.) This last-mentioned sector was made by Graham for 
the measurement of the degree in Lapland, and afterwards employed 
in the remeasurement of Picard’s arc. We have now a full and minute 
description of Bradley's instrument, with numerous plates, in a work 
entitled ‘ Operations for the Verification and Extension of the Abbé de 
la Caille’s Are of the Meridian, by Thomas Maclear, Esq., pp. 67-81, 
published by order of the Lords of the Admiralty. This account is by 
the astronomer-royal, who directed the alterations required to fit the 
sector for the field. The principal parts of this instrument, as originally 
made by Graham, are a telescope with a short sector attached to the 
eye-end, and a short cross or transit-axis to the object-end, which causes 
it to move in the meridian when properly adjusted. A plumb-line 
passes over a fine dot at the extremity of the upper axis, and beats on 
the divided sector below, that is, it almost touches the dot above and 
arc below, but still hangs ectly free, To prevent any disturbance 
from the wind, the plumb-lineis screened by a tube, and the bob hangs 
in water that it may sooner come to rest. To make the telescope 
describe the meridian correctly, as well as to get a proper fixing for the 
clamp and micrometer-screw, another arc is fixed to the wall, and the 
telescope carries a frame with rollers at its eye-end, and is thus kept in 
contact with the fixed are before and behind. A clamping apparatus, 
which slides along the fixed arc, and can be attached to it by screws in 
any position, carries a fine screw with a micrometer head. which pushes 
the telescope by acting ona piece of hardened steel, while the teles- 
cope resists either by gravity or by a counterpoise weight. There are 
numerous parts and contrivances for different adjustments, which will 
be easily understood from Mr. Airy’s account. In making the observa- 
tion, the telescope is first to be set, or nearly so, to the star, the 
bisection of the upper dot is verified, and then a division below is 
bisected by carrying the screw one way, forward, for instance, and the 
micrometer head is to be read off. When the star is in the centre of 
the field, it is bisected by carrying the screw still forward, and the 
micrometer is again read off. Finally, the screw is still to be carried 
forward till the next division is bisected, and the micrometer read off. 
A simple proportion will give the quantity, which is to be added to the 
first reading, or subtracted from the second reading, in order to get the 
reading corresponding to thestar.* Bradley's sector as originally made 
was not reversible, and was therefore only fit for measuring differences 
or variations. When, after its removal to Greenwich, actual zenith 
distances were uired, the instrument was shifted across the room, 
from the east to the west side, where a second fixed are, &c, were ready 
to receive it, We need not say that this was very objectionable, as 


* In some of the books referred to, it will be seen that the dot bisected 
before observing the star is directed to be bisected again, and the mean of the 
readings taken. But a screw which carries weight never reads the same when 
moved forwards and backwards, and it is always sufest to carry the screw the 
same way in the same operation, 
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such an operation, take what care you may, is always liable to derange 
the relation of the parts of the instrument, and so to lead to untrue 
conclusions. Even while it was at Wanstead, and considered to be 
immoveable, a slight change seems to have taken , Which has been 
investigated by Dr. Busch, in the‘ Reduction of the Observations made 
by Bradley at Kew and Wanstead,’ Oxford, 1832. In remounting it, 
the astronomer-royal has given the property of reversion very satis- 
factorily, and Mr. Maclear's observations with it are of extraordinary 
accuracy, 

A sector was used in the measurement of the meridian in France, by 
Cassini de Thury and La Caille, which greatly resembled the sector of 
Picard, rating: tn the are was of much greater extent, being 52)° and 
framed with three radii, The telescope was fixed at the back of the 
instrument, 80 as to be at once more firmly fastened and out of the 
way of the plumb-line; and, lastly its micrometer-screw was applied to 
the wires of the telescope (sometimes called the interior micrometer), 
instead of moving the whole sector. In this mode of observing, the 
instrument is set approxi ly to the star, /and the nearest dot 
accurately bisected. hen the star is in the centre of the field, it is 
bisected by the micrometer-screw which carries a wire in the focus of 
the object-glass, and thus the excess or defect from the nearest dot is 
ascertained, This improvement in the application of the micrometer- 
screw is due to the Chevalier Louville, and in this respect we prefer 
the French to the English construction. See ‘La Méridienne de 
VObservatoire Royal de Paris verifiée; par M. Cassini de Thury, 
io pea The sector is figured at page 31, and described at page 


Bouguer and La Condamine, in their measure of the arc of Peru, 
were compelled to fabricate their own zenith sectors, and adopted a 
very elegant mode of graduation, the merit of which is given by La 
Condamine to their colleague Godin. _ Tho telescope and are being 
prepared, a star is selected which has pretty nearly the same zenith 
distance at both extremities of the arc of the meridian. Now calculate 
approximately the value of the chord of the double zenith distance of 
the star, and find what fractional part it is of the radius. Suppose it is 
nearly , of the radius, then take a beam compass, mark two dots on 
the are, and step seventeen times with the same opening along the 
radius, and so fix the dot over which the plumb-line is to » The 
instrument is now graduated, and. is used as follows:— being 
adjusted to the meridian, the plumb-line is made to pass over the 
upper dot and one of the lower dots, after which the star is bisected 
by the interior or Louville’s micrometer. On a following day the 
instrument is reversed, and the plumb-line being brought over the 
upper dot and the other lower dot, the star is again bisected by the 
micrometer. It is plain that the double zenith distance of the star, 
corrected for refraction, aberration, &c., is measured by the are sub- 
tended at the central dot by the two dots below ++ the sum or 
difference of the micrometer readings. But the arc is, by construction, 
that the sine of which is 4, which is found from the tables; and the 
value of the micrometer readings being also known, the zenith distance 
of the star is known. The operation may be repeated at the other end 
of the are with the same star, and using a different submultiple of the 
radius, See ‘ Mesure des trois premiers degrés du méridien,’ par M. 
de La Condamine, Paris, 1751, pp. 105 et seq.; ‘ Figure de la Terre, 
par M, Bouguer, Paris, 1749, pp. 176 et seq. 

We insert here the method employed by Maupertuis, La Caille, and 
others to ascertain the value of the total are of the sector. A line of 
considerable length was carefully measured from a well-defined spot 
and a signal erected; then a perpendicular was measured from the 
signal, of such a length as very nearly subtended at the spot the are to 
be verified, and here a second sigual was placed. The sector was then laid 
horizontally on a bed prepared for it, the centre being exactly over the 
defined spot, and the telescope pointed to the first signal; when this 
was done satisfactorily, a fine line was stretched over the centre and 
the first dot of the divided arc, Now shifting the sector round, the 
Beco i was bisected, and it was seen what division was bi- 
sected by the line which continued to pass over the centre. The 
true angle is evidently that marked on the ground, and is caleu- 
lated from the given length of the perpendicular and the distance. 
The value of the arc read off on the sector is compared with this, and 
the error of the total are detected, which is afterwards used for 
correcting all the angles observed. At present the value of the total 
are of a sector would be determined by a comparison with the mural 


circle. . 

In 1775 Bird erected a zenith sector at the Observatory of Oxford, 
which is in most respects similar to Graham's, but it is fixed to an 
upright pillar which revolves freely, so that the instrument is rever- 
sible. From some cause or other, though observations have been made 
with this instrument, they have not been considered satisfactory. It 
appears to us to be an excellent instrument, and one capable of doin 
good work, though one chief use of zenith sectors, namely, ascertaining 
the index error of the meridian declination instrument, has been sup- 
plied to modern circles by observations by reflexion. 

The zenith sector of Ramsden, which was used in the trigonometrical 
survey of Great Britain, and in the Holstein arc, is described and 
figured in great detail in the ‘ Phil. Trans.’ for 1803, and in the second 
volume of the ‘ Account of the Ordnance a agen a Survey of 
England and Wales.’ It was burned in the which consumed a 


considerable part of the Tower in 1841. As this instrument 
sre As om in the account referred to, it is useless to enter into par- 
ti here. Ramsden viewed the upper dot mA 5, 

which saved considerable trouble, as well as avoided chance 
deranging the bisection by mounting to read it. The ‘ Astronomical 
Observations with Ramsden’s Zenith Sector,’ reduced by Lieutenant 
— R.E., were published in 1842 by order of Board of 


the 

respect to the zenith, The telescope-frame 
with the eye- and object-end is cast in another solidly braced piece, and 
is held at its middle on a centre in front of the vertical axis, 


sn frame moves freely for a few degrees on each side the zenith, — 
e 


divided ares are graduated on the vertical axis near and 

bottom, and there are four micrometer microscopes, one at side 
of the object and eye-end, the tubes of which are bored in the solid 
telescope-frame, There is a wire-micrometer in the focus of the tele- 
scope, A stop to the axis enables the observer to turn the instrument 
exactly half round by touch, and almost instantaneously. The obserya- 
tions are made thus :—The instrument being pretty nearly in the 
meridian, and the axis vertical, the telescope is set nearly for the star, 
and the microscopes are read off. Before the star reaches the centre of 
the field, the observer bisects it with the micrometer-wire, noting the 
time, while the assistant reads off both ends of each level. The whole 
instrument is then turned half round, and the star is again observed, 
the bisection being now performed by the tangent-screw of the tele- 
scope-frame, the time is again noted, the assistant reads off the levels 
as before, and, finally, the ares above and below are read off 
micrometer microscopes, In this way the double zenith 
of a star, free from all error of collimation or of the vertical 
axis, may be obtained in a few minutes. This instrument performs 
very satisfactorily, The telescope is one of 3) feet focal length, and the 
instrument bears the same relation to a mural circle that the ordinary 
sector does to a quadrant. 

When Troughton first proposed the mural circle as the best form for 
a meridian declination instrament, great doubt was thrown on the 
practicability of observing by reflexion with sufficient nicety, and in 
that case, as the mural circle does not reverse, a supplementary ana 
ment was wanted to show the position of the zenith or horizon. 
Partly on this account, but chiefly to settle the constants of aberration 
and precession with the greatest precision, ton 
tube, consisting of a telescope of 25 feet fi , Without any 
sector, and in which the variations of zenith distance of +y Draconis and 
close zenithal stars were to be measured by a micrometer-screw. 
telescope rests on its lower end, continued beyond the 
piece which has adjustments for verticality, and a collar below the 
object-glass is pressed by a spring into a Y bearing, The wires at the 
focus are moved by a micrometer-screw, and the star and wires are 


its 


~ 


seen through a diagonal four-glass eye-piece. The plumbline bangs > 


within the tube, and is viewed above and below mi 
microscopes. Instead of adjusting the plumb-line before each obser- 
vation, it is bisected by. the micrometers after the observation, 
a correction applied which is deduced from.the upper and lo’ 
ings. Mr. Airy having had some reason to 
twisted on reversing the instrument, gave a double suspension to 


plumb-line, and made the instrument reversible on a star in the 


same night, by using a stop as in the ordnance sector. The 


observations with the zenith tube are printed yearly in the Greenwich 


Observations. 

The zenith sector has not been much used upon the continent since 
the great surveys made in the middle of last century for ascertaining 
the of the earth, In the French arc from Dunkirk to For- 


committed. More recently, the transit in the 

employed in Germany and R 
tude, and as it would seem with great success, [Transtt.] A 
Repsold for the imperial 
observato; vourable account has been 
given by Professor Struve. While admitting the excellence of this 
ind of instrument for telescopes of moderate size, we do not see how 
, the zenith sector when made reversible 

and of the proper magnitude. 


Some years ago Mr. Babbage proposed a co} for a zenith 
sector (‘ Memoirs of the Astronomical Society,’ vol. ii, p. 101) which 
might perhaps be ied in the following manner :—Conceive a 
parallel ruler to be upright, one of the bars being made into a 
He ieabga raped crac Bqgriterripumam gues pe mie 
telescope. It is clear that if 


they can equal, far less 


eq 
continue parallel to itself whether the ruler be open or shut. But if ~ 


very 


a zenith 


ee 


oe. 
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one of the bands is a little longer than the other, then a very large 

motion of the band will give a small angular motion to the 
telescope-bar, and as the measurement of the former angle can be 
easily made with tolerable accuracy, the latter angle can be computed 
with great exactness.* Exquisite workmanship would no doubt be 
required to make such an instrument answer, but we think that for 
this and other differential purposes Mr. Babbage’s suggestion is de- 
serving of attention, {especially where telescopes of limited size" are 
used. 


The adjustments of a zenith sector or zenith tube will differ accord- 
ing to the construction of the instrument. Where it is not reversible, 


_ the time of the transit of a star near the zenith must be got from 


observations with another instrument, and the star made to pass the 
meridian-wire at the calculated time by the proper adjusting screws. 
When this is done and the telescope secured, a star must be made to 
pass along the declination-wire (this should be carried by a micrometer- 
screw) by twisting the wire-cell, when the adjustment for a fixed zenith 
telescope is com Tf the telescope rest on a cross axis and carries 
a sector, the cross axis must be made horizontal, the transits of stars 
towards the extremities of the arc must be observed, and the azimuthal 
deviation ascertained [Transit] and corrected; or, the time at which 
‘an extreme star should pass being known, the cross axis at top and 
fixed are below must be turned so as to make the star pass at the right 
time. 

When the instrument is reversible, the axis is first to be set truly 
upright. Su the instrument in its meridian position nearly, and 
face east, real off | the division bisected by the plumb-line, or the two 
ends of each level, Now turn half round, read off again, and bring, by 
the adjusting screws, the plumb-line or the levels half-way to the first 

, and finally adjust each level by its own screw to read each 
end alike. If this be carefully done, when the instrument is restored 


wishes, but it is better to leave it unto 
of two observations, Face East and Face West, as a double zenith 


(For plates and descriptions of some of the constructions here 
referred to, and others which we have omitted, see Pearson’s Practical 
Astronomy, vol. ii., pp, 531, 554, plates ‘xii,, xili., xxvi., xxvii.) 

ZENZO, ZENZAC. The Askbs used a word forthe square of a 
number which has the same meaning as the Latin word census ; 


ZERO. : 
ZETETICS, a name given by Viera [Broa Drv,] to the part of 


* Let the length of the upper band be a, of the lower band a+-h, the dis. 
tance between the bands 5, and let the bands be horizontal; the telescope-bar 


A 
makes with the zenith an angle the tangent of which = 7; when the bands are 


P hx cos 0 
inolined at an angle 0, the tangent of zenith distance = 5: «The quantity 
h may be measured and regulated by a mi screw and such a tilt given 
to the telescope, that the star can be observed in reversed positions of the axis, 
and thus the double zenith distance found, The zero of the micrometer-screw 
is found from its position, when opening and closing the bars makes no change 
in the place of a star. We prefer this construction of ‘a zenith sector to 
that of Mr, Babbage, The zenith point is only to be got by reversion, and the 
upright bar must be watched and ascertained by levels, &c, Mr. Babbage has 
given an exact formula, when the points of attachment of the telescope-bar are 
pnstant. We have supposed an adjustment in one of these points, which allows 
the bands to be horizontal, while the telescope-bar is inclined. 


algebra which consists in the direct search after unknown quantities ; 
it is now disused. 

ZEUS, the supreme deity of the Greek Olympus, the god of heaven 
and of earth, to whom the Jupiter of the Romans nearly corresponds 
both in power and attributes, was probably originally an elemental 
divinity, who was worshipped as the god of rain, snow, lightning, &c. 
Apart from other considerations the etymology of his name, both in 
Greek and Latin, would seem to lead to this conclusion, 

According to Homer, Zeus was the son .of Kronos and Rhea, 

Kronos.] In order to save her son from being destroyed by his 

ther, Rhea concealed him soon after his birth in a cave in Crete, 
where he passed the first years of his life. As Zeus grew up, Kronos 
called to his aid the Titans, in order to secure his dominions against 
his son; but they were eventually conquered, and Kronos himself 
dethroned by the youthful Zeus. In the Homeric poems Zeus is 
represented as the supreme ruler of the gods and of men; and though 
subject himself to the decrees of Fate, his commands cannot be dis- 
obeyed; his wisdom is infinite, and his power irresistible, His wife 
was Hera, and their children Hephestus, Ares, and Hebe. The wor- 
ship of Zeus was co-extensive with the Grecian race, His temples 
were numerous, the chief being at lis and at Athens—the former con- 
tained Phidias’s sublime chryselephantine statue of the god, the 
latter being, when perfect, the noblest temple perhaps of the ancient 
world. 

Cicero informs us (‘De Nat. Deor.,’ iii. 21) that there were three 
Roman deities of the name of Jupiter: one the son of Ather; the 
second, the son of Heaven; and the third, the son of Saturn. The 
last was worshipped at Rome under various names, and many temples 
were erected to his honour, of which the most celebrated was the one 
on the Capitoline Hill, where he was worshipped under the name of 
Jupiter Optimus Maximus. 

As the supreme god, Zeus taxed the highest powers of the artists of 
ancient Greece. The Greeks themselves believed that Phidias, in the 
seated chryselephantine statue of Zeus which he executed for the 
temple of Elis, had attained the loftiest conception of the divinity. 
Zeus himself, Pausanias tells us (b, v. o, 10), gave a visible expression 
of his approval of the sculptor’s art; and Quinctilian declares that the 
work equalled in majesty the god himself, and added somewhat to the 
religion of those who saw it, The statue has long been lost, but 
several attempts have been made to restore it from contemporary 
descriptions—the best known being that of M. Quatremtre de Quincy, 
in his ‘Jupiter Olympine.’ This work of Phidias seems to haye been 
accepted by the Greeks as an authoritative model for the form and 
features of the deity, Phidias probably followed in the general 
conception some more ancient type, but his was thenceforward the 
normal form which all succeeding artists, according to their ability, 
sought to reproduce, Miiller thus characterises the external features 
of Zeus, as found in works of the best and later periods of Greek art :— 
“The hair rose up from the centre of the forehead, like that of a lion, 
and then fell down on both sides like a mane; the brow clear and 
bright above, but greatly arching forward beneath; eyes deeply sunk, 
but wide open and rounded ; delicate mild lineaments round the upper _ 
lip and cheeks ; the full rich beard descending in large wavy tresses; a |” 
noble, ample, and open chest, as well as a powerful, but not unduly 
enlarged muscular development of the Edi» body.” (§ Ancient Art,’ 
§ 349.) From this general character, which belongs to the best statues 
of Zeus, deviations occur, where he is represented in a youthful form, 
or as an excited and vengeful deity. 

Zeus was usually represented seated on an ivory throne, with a 
sceptre in his left hand and in his right a thunderbolt. The Olympian 
Zeus of Phidias bore in his right hand a Victory, made like the statue 
itself, of gold and iyory. In early art the representations of Zeus 
chiefly have reference to his divine character, and his more sublime 
attributes, Later, and especially as art became the minister of luxury, 
and too often of voluptuousness, the intrigues of the god with the 
lesser goddesses, and with mortals, afforded a more acceptable class of 
subjects, and Jupiter and Io, Jupiter and Ganymede, Leda and the 
like, were figured in every variety of form and material; and at the 
revival of the study and imitation of classical art, it need hardly be 
added that this series of circumstances in the mythic history of Jupiter 
was seized upon with avidity by the painters and sculptors of Italy, 


ZI¥, This name, written ]} in Hebrew, occurs only in the first 


book of Kings, in the 6th chapter, and in the 1st and 37th verses. It 
isthe month now called Jyar, The word is derived by the Jews from 
a root signifying to be splendid, in reference to the splendour of the 
season when the month occurs, April and May, The word is found 
several times with a slight orthographical difference in the book of 
Daniel, and is usually translated “ brightness,” [But.] 

ZINC (Zn). Spelter. A commercial metal which has been known 
in the me state since the time of Paracelsus, It is never met 
with in the native state, but is extracted from two ores—calamine, or 
carbonate of zinc, and blende, or sulphide of zinc, A native oxide of 
zine found in New Jersey has also recently been rendered available for 
the extraction of the metal. 

The commercial metal is never pure, though — 80 
for most chemical purposes, The pure metal may be obtained by 
dissolving common zine in dilute sulphuric acid, filtering, treating 


ZINC. 
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with excess of sulphuretted hydrogen, again filtering, and precipitatin 
the boiled filtrate with carbonate of soda, The washed and ignited 
carbonate must then be distilled in a porcelain retort with charcoal 
from lump sugar. 

Zine is a bluish-white crystalline and hard metal, brittle at 400° 
Fabr., malleable and ductile between 300° and 200°, but in some- 
what brittle at ordinary temperatures, It melts at 773°, and boils at 
a bright red heat estimated by Deville at 1904°. In contact with air 
the vapour burns with a magnificent greenish-blue flame, forming 
copious white flocculi of protoxide. At ordinary temperatures zing 
gradually oxidises in a moist atmosphere, but the superficial film of 
oxide preserves the remaining metal for a long time unchanged. It 
readily dissolves in dilute mineral acids, and in concentrated solutions 
of potash and soda. It also combines with chlorine, iodine, and 
bromine at ordinary temperatures. The equivalent of zinc is 32:7, 
and its specific gravity 6°8 to 7°1. 

The following are the principal compounds of zinc :— 

Oxide or Protoxide of Zine (ZnO), Zine-white—This is the oxide 
which exists in the native carbonate. It may be prepared in various 
modes : first, by merely igniting the metal in contact with air; in this 
ease combustion takes place readily, and a light white compound is 
formed, which was called by the old chemists by the various names 
of nihil album, lana philosophica, pomptolizx, and flowers of zinc. 

Oxide of zine may also be procured by dissolving the metal in a 
dilute acid, either the sulphuric, nitric, or hydrochloric, and decom- 

ing the solution by a carbonated fixed alkali; carbonate of*zine is 
Bret precipitated, but this, when heated, loses its carbonic acid, and 
the oxide is obtained as a yellowish powder. 

In the manufacture of brass an impure oxide of zine condenses in 
the flues of the furnaces and is sold under the name of tutty. 

The properties of oxide of zinc are,—that it is inodorous, insipid, 
insoluble in water, and infusible by heat; it combines readily with 
acids, and also with the alkalies ammonia, potash, and soda, So that 
when it is precipitated by them, they redissolve it if added in excess. 
It is the basis of all the oxisalts of zine. 

Peroxide of Zine, probably a binoxide (ZnO, ?), is obtained by taking 
gelatinous a of zine, and pouring upon it an aqueous solution of 
binoxide of hydrogen (oxygenated water), containing about eight times 
its volume of oxygen gas, and shaking the mixture thoroughly ; the 
peroxide of zine resulting from this operation is white, inodorous, 
insipid, and decomposes spontaneously when kept moist or when 
heated. It is also decomposed by acids, which dissolve protoxide of 

‘zine and reproduce binoxide of ~~ ogen. 

Chloride of Zine (ZnCl) may be formed by the direct action and 
combination of these elements. When zinc filings are thrown into 
chlorine gas, heat and light are evolved, owing to their combination ; 
it is more readily prepared by dissolving oxide, or still better metallic 
zine, in hydrochloric acid, and evaporating to dryness; or by heating 
the m in a tube through which dry hydrochloric acid gas is 
transmitted. 

The properties of chloride of zinc are,—that it is colourless, has a 
barf styptic taste, is readily soluble in water, and crystallises from it 
with difficulty; it is very volatile at a red heat. It was formerly 
called butter of zine. 

Bromide of Zinc (ZnBr) is formed by passing bromine in vapour 
over zine heated to redness; or it may be obtained in solution by 
agitating a mixture of these elements and water: the solution is 
colourless, and when evaporated till a pellicle is formed, it becomes a 

ine mass on cooling. 

This bromide has a sweetish, astringent taste, and is very deli- 
quescent ; it becomes dry when heated, and fuses at a red heat. 

Iodide of Zine (Znl) is readily obtained by heating iodine and zine 
together in water; the solution, when perfect, is colourless, and is to 
be evaporated in a retort, and when the water is entirely separated, 
the iodide of zinc fuses and volatilises in fine prismatic crystals. B 
exposure to the air this iodide is decomposed, the metal being oxidised, 
and the iodine set free. . 

Sulphide of Zine (ZnS).—This compound, which exists plentifully in 
nature, is obtained artificially with considerable difficulty, and by the 
direct action of its elements is perhaps scarcely possible ; but when 
oxide of zinc is heated with sulphur in excess, a yellow brown 
sulphuret of the metal is obtained ; when also sulphuret of potassium 
is added to a solution of a salt of zinc, a white hydrate of the sulphide 
of zinc is ipitated, 

Phosphide of Zine is procured by strongly heating in a retort a 
mixture of six parts of oxide of zinc, six parts of phosphoric acid, and 
one part of powdered charcoal; a sublimed mass is obtained, which is 
of a silvery-white colour, metallic lustre, and vitreous fracture. Its 
composition has not been determined. 

Selenide of Zinc.—If the vapour of selenium be passed over zine 
heated to redness, the mass takes fire and explodes, and the exterior 
of the vessel is covered with a lemon-yellow powdery substance, which 
is selenide of zinc; this is partially soluble in nitric acid with the 
evolution of nitric oxide; and a red powder is deposited, which is 
however finally dissolved. 

We shall now briefly describe some of the oxisalts of zinc, or tlove 
consisting of acids combined with oxide of zinc. 

Nitrate of Zinc (ZnONO, + GHO).—This salt is readily obtained by 


the action of the acid upon the oxide of the metal, or upon the metal 
itself ; in the latter case nitric or nitrous oxide is produced according 
to the d of concentration of the acid, 

The solution of nitrate of zinc is colourless, and by due oer 
it yields cvlourless crystals, which are deliquescent ; v uble in 
water and in alcohol : they are decomposed by ignited Ghexcoal: aad 
im) to ita ish-blue flame. 

lphate of Zine (ZnOSO, + 7HO).—This, which is the salt of zinc 


loyed 


most extensively emp 


by evaporation readily yields crystals, which are usually small, and the 

rimary form of which is a right rhombic prism. S of zine 
a disa le metallic taste ; it is not altered by e to the 

air, but if moderately heated loses its water of tion, and 


when subjected to a high temperature is entirely decomposed, the acid 
being expelled, the oxide only remaining, This salt is very soluble in 
water at 60°, and much more so in boiling water. There is an impure 
sulphate of zinc used in the arts, under the name of white vitriol ; it is 
a colourless granular mass, obtained by the oxidisement of the native 
sulphide of zine or blende. 

‘arbonate of Zinc (2ZnOCO, + 8Zn0 HO).—Metallic zinc and 
hydrated oxide of zine are both dissolved by an aqueous solution of 
carbonic acid; but the nature of the carbonate formed, when the 
excess of carbonic acid is expelled by spontaneous evaporation, has not 
been ascertained. When an alkaline carbonate is added to a solution 
of asalt of zinc,a white precipitate is obtained, which is the above 
compound of carbonate and hydrate of zinc, and not a simple 
eles if Z HO, repared by dissolving either 

Acetate of Zine (ZnOC,H,O, + 3HO) is pi i 
the metal or its oxide in the acid, or by decomposing sulphate of zine 
by acetate of lead. The solution is colourless, and yields thin rhombic 
plates, which are not deliquescent, but are very soluble in water. It is 
occasionally employed in medicine. 

Characters of the Salts of Zinc.—They are usually soluble in water, 
colourless, have an unpleasant metallic taste ; the alkalies ammonia, 
potash, and soda decompose them, precipitating a colourless hydrate, 
which is soluble in excess of these precipitants, The car- 
bonates also decompose the salts of zinc, but the carbonate of ammonia 
only, when added in excess, redissolves the carbonate thrown down in 
any notable quantity. Hydrosulphuric acid decomposes neutral, but 
not acid or alkaline solutions of zinc; the precipitate obtained is a 
hydrated sulphide of zinc. Tincture of galls gives no precipitate, and 
ferrocyanide of potassium a white one with the salts of zinc. e 

Alloys of Zine.—Potassium and sodium form with zine brittle alloys, 
decomposable by exposure to air and moisture. With copper it com- 
bines to form brass, and with iron it yields a very hard alloy, which is 
very energetically acted upon by sulphuric acid. If plates of hot iron 
be dipped into melted zinc, they acquire the x genoa of tin-plate, 
and the iron is prevented from rusting. Such coated iron is termed 
as 4h i iron. - 

eet-zinc is now largely employed for covering buildings, Plates 
of this metal are also used in the construction of voltaic batteries. 

ZINC, Medical Properties of.—In the purely metallic state, zine pro- 
duces no effect on the human system, but its combination with 5 
forming oxide or flowers of zinc, is sufficient to invest it with ider- 
able power over various organs, both those with which it comes into 
direct contact and some remote ones, egpecially the nervous centres. Its 
local action is that of an irritant, astringent, and desiccative, while its 
remote action is that of a tonic and antis odic. The emetic 
perties of the oxide are less than those of the sulphate or acetate, scien 
it meets with acids in the stomach. In this way it is rarely employed. 
It is for its remote effects that oxide of zinc is valued. While it has 
the properties common to all the metallic antispasmodics, it is dis- 
tinguished by its power of restraining inordinate action of the nervous 
system; being calming and soothing. The brain and the function 
of sensation appear to feel less of its influence than the cord, 
Hence the nerves of motion, and the functions of the ci ion and 
respiration, are chiefly acted upon ; it produces its effects speedily, but 
they qin disappear when given in such doses as can be safely 
administe! The | tinued use of it seems to produce a dryness 
and induration of the e, which, if carried to excess, is dangerous, 
but the lesser degree of which is in all probability the source of the 
utility of this medicine, by diminishing the mobility of the system; 
irregularities in the circulation, and sudden co ons of blood, being 
the immediate causes of attacks of epilepsy and h; ia, the diseases 
which are most benefited by oxide of zinc, This desiccating ore 
renders it the most potent means yet discovered of checking the col- 
liquative perspirations of consumptive (See ‘ Clinical Lectures 
on Pulm Consumption,’ by Theophilus Thompson, M.D., p. 194.) 
For use in way, and even for use as an ointment, it requires to be 
prepared in a state of far greater purity than it is met with when pre- 
pared for use in the arts, Above all, it must be free from admixture 
ar sulphate of es rae erin sd 

ns odic affections of the chest, such as ma, angina pectoris, 
and palpitation of the chest, when these do not proceed from organic 
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derangements, oxide of zinc is often serviceable, especially when com” 
bined with conium, In the cramps of the stomach to which habitual 
drunkards are subject, it is beg ar ger 

Impure oxide of zinc is tutty. It is sometimes used exter- 
vel 9 6 Sen See as a mild absorbent, on excoriations, and to 
heal ¢' and cracks in‘the skin. It is also used as an ointment. 
Pure of zine forms an ointment of much value where a mild 
astringent is needed, especially in the chronic inflammation of the 
Cae ak aia wikaikSoxpiare Sa" tesoned calamine. This, after 
being subjected to divers is called calamine. The 
only use made of it is to form an ointment, which is most useful as an 
spplestion to burns, excoriations, and superficial ulcers. 

ulphate of zinc is in small doses a very valuable astringent, tonic, 
and anti ic; in doses it is a very certain and speedily 
oe: and in very large doses it is poisonous. It is the most 
ee eae Comers perere, oF it Oy 5) srt 
inflame the stomach as tartarised antimony : but the stomach-pump is 
preferable to either. 

The tonic effects are best seen in affections of the mucous mem- 
branes. In the suffocative catarrh of aged persons, and the extreme 
defluxions on the chest after influenza, sulphate of zine affords a 
valuable remedy: it must-be given in small doses, as the sudden 
suppression of the secretion may cause inflammation. Its utility is 
increased by combining it with the compound rhubarb pill, or with 
The use of the solution as an injection requires the 


Acetate of zinc is possessed of nearly similar properties, but in a 
weaker degree ; and as an injection, seems in some cases entitled to a 
preference. 


In none of 
unless they are very superficial. P- 
seated cancer of glands can scarcely be removed by it, but other forms 
are often successfully treated by it. (Walshe, ‘On Cancer,’ p. 219.) 
Properly diluted, chloride of zinc is most beneficially used to correct 
the foetor from suppurating ears of children. 
uret of zinc is a powerful antispasmodic and tonic. 
of the stomach, 
with great debility. The dose must be small and often 
Velerianate of zinc has lately been much recommended as a 
remedy against tic-douloureux and other nervous affections. Where 
the patients can tolerate the repulsive odour and persevere in its use, 
it often iceable 


proves of ds , 

Zinc pans have oy hear yong for arn dairies, as the 
milk speedily coagulates in . e quantity of cream is great : 
but if the SINE eeacisa sour while in them, the acid acts upon the 
zinc, and forms unpleasant, though perhaps not poisonous compounds, 
Upon the whole, white porcelain vessels, kept thoroughly clean, are the 
best material for milk-vessels, 

ZINC MANUFACTURE. The mode of obtaining zinc from the 
sul: and other ores is explained in the article Zinc. As brought 
to market, commonly under the name of spelter, it is a bluish-white 
metal, having considerable hardness and toughness, The chief English 
supply is from Flintshire and the Isle of Man; but the market is 
mostly supplied from Upper Silicia, where the ore is smelted, and the 

iter sent for shipment from Dantzic, Stettin, and horgring & 
ippers are willing to convey it freight-free, to serve as ballast for the 
ships that bring German wool to England. Mr, Robert Hunt has 
given the following as an account of the British ores of zine brought 
up to the surface in 1857 :— F 


Cornwall « 1675 tons, £4,697 
Devon . 3 P . «os B78 ig 2,478 
Cardigan . . . vigil 4,452 
Isle of Man . . ~ 2917 ~,, 10,772 
Cumberland , . « 492 ,, 697 
North Wales . «3 3s ws 2060 yy 7,887 
9290 ,, £30,983 
presenting an average of about 66s. per ton. The mass of zinc 
ever described was that which was displayed at the Great Exhibition 


in 1851, and which weighed 16,0001Ibs. It was smelted from the ore 
by Messrs. Detmold, of New Jersey, in the United States. There is a 
vein of zinc-ore 9 feet thick, at a spot about 50 miles from New York, 
and easy of access, as it is not far beneath the surface. The ore is 
carried to Newark, in New Jersey, where it is converted partly into 
metallic zinc, but mostly into zinc-white for house-painting. The 
metal is cen hi pyaar. gitar cath Pine A ala te 
of vaporisation, as described in the article Zinc; but at Messrs. 
Detmold’s establishment some of the operations are conducted ina 
remarkable way. A vapour, containing nearly all the zinc, is sent by 
blast along pipes to a catching-house, where it into enormous 
bags of cotton 5 feet in diameter by 150 feet long; the gases pass 


through the meshes of the bag, while an oxide of zine cools down t° 
the state of a white powder, which is shaken out of the bag at intervals. 
This is the mode adopted, not in procuring metallic zine, but as the 
preliminary stage in making zine-white. The powder is either sold in 
a dry state, in barrels containing 200 lbs., or is ground up with linseed- 
oil and sold in kegs, 

In reference to the zine-white above mentioned, it may be observed 
that the substance is recommended as a substitute for white lead in 
house-painting—not as being better suited in itself, but as being less 
injurious to the workmen. Some persons, moreover, attribute to it 
much greater permanency, and other qualities superior to those 
by white lead. Linseed-oil and spirit of turpentine are mixed with the 
zinc-white. Oil in good proportion gives it durability and efficacy of 
covering the surface of the work; in excess, it has a softening and 
darkening effect. Turpentine in good proportion gives a ready fluidity 
for spreading; in excess, the paint becomes too transparent, and has a 
tendency to pulverise. 

Metallic zinc is mostly used in the form of plates or sheets. When 
heated to a certain temperature it becomes malleable and ductile, and 
may then be rolled out to any convenient degree of thickness; and 
although brittle before this heating, the brittleness never returns after 
the cooling. This is found to be a valuable property in zinc. In the 
form of sheets, zine is largely used for baths, cisterns, tanks, spouts, 

ipes, chimney-pots, roofing, as also for plates for engraving, sheathing 
or ships, and as one element in voltaic batteries. Being so much 
lighter than lead, zine is found to be very useful for roofing. The 
joining of plates of zine requires to be effected in a peculiar way. 
Fhecosagee} In the making of zinc door-plates, a sheet of rolled zine 
is cut to the proper size and shape, scraped to a clean surface, ham- 
mered flat, planished with a broad and smooth-faced hammer, and 
eg Plates for zincographic engraving require, not a smooth, 

ut a fine granular surface ; they are rubbed first with ordinary sand, 
and then with fine sifted sand and water applied by means of a woollen 
rubber. 

Many modes of coating iron and other metals with a thin layer of 
zinc have been described. Among these, one has been patented by 
Mr, Alexander Watt, editor of the ‘Chemist.’ Steel or iron is pickled 
in a solution of sulpho-muriatic acid, and then exposed to galvanic 
action in a battery supplied with cyanide of potassium, liquid ammonia, 
metallic copper, metallic zine, hydrochloric acid, and carbonate of 
potash. This subject is further treated under TrnyING. 

The chief use of zinc, perhaps, is as a compound in the formation of 
brass, [Brass.] 

In 1860, metallic zinc, under the name of spelter, was imported from 
foreign countries to the extent of 24,000 tons. 

ZINCAMIDE, [Amipss.] j, 

ZINC-AMYL, [Oncanomerattic Boptrgs.] 

ZINC-ETHYL. [(Orcanometat.ic Boptes. | 

ZINC-METHYL, [Orcanomerattic Boptes. | 

ZINC-WHITE. [Zinc; Oxide of.) 

ZINCOGRAPHY. [urrnoanarsr.] 

ZUNGIBER OFFICINA’LE (GrncEr), Medical. Properties of. The 
native country of this plant seems unknown, though Goebel asserts 
that it is Guinea. It is however extensively cultivated in China, Java, 
and the East and West Indies. From the cultivated plant alone is the 
ginger of commerce procured. Of this there are two varieties, the 
black and white; but some writers affirm that these are the produce 
of two distinct species, while others ascribe the difference of appearance 
to diversity of treatment after the rhizome is dug up. The rhizome, 
or root-stock, is perennial, but it is only that.of a young plant, or the 
annual shoots from an old one, which are met with in commerce. 
When first dug up, the colour internally is red. Those procured the 
first year are used fresh, or preserved in sugar, and constitute the 
sweetmeat known as preserved ginger. This, when sent from the West 
Indies, is in small, round, tender pieces; when from the East, larger, 
flat, and stringy portions : the former is preferred. 

Black ginger is stated to be the rhizome dug up, scalded in hot 
water, and dried in the sun, White ginger is also scalded, and then 
scraped to free it from the rind before it is dried, which last operation 
is said to be effected by artificial heat, but probably mostly by the sun. 
Both kinds are very liable to the attacks of an insect. To prevent 
these attacks the rhizomes are dipped in a solution of lime, the white 
particles of which often adhere to the surface. To cause black ginger 
to resemble the white, it is bleached, after its arrival in this country, 
in a solution of chloride of lime, or exposed to the fumes of burning 
sulphur. This impairs the activity of the article. 

Ginger occurs in commerce in pieces termed races, of various shapes, 
but generally flattish, branched, lobed, or palmated, rarely more than 
four inches long. The unscraped has a wrinkled epidermis; the 
scraped is devoid of this covering. Jamaica ginger, which is most 
esteemed in this country, occurs in races larger, rounder, and thinner 
than the other kinds; externally of a yellowish white, internally of a 
yellower hue. The taste is agreeably aromatic and pungent, but this 
is lost with age, so that old pieces are worthless, as are also portions 
which have been digested in alcohol to form essence of ginger. Ginger, 
when chewed, excites a flow of saliva; the powder applied to the nos- 
trils causes sneezing. The quantitative analysis of 100 parts of ginger 
have been given by Bucholz ;— 


1 ZIRCONIA. 

Pale yellow volatile oll . ° . + Ae « 136 
Aromatic, acrid, soft resin . é . . « « 860 
Extractive soluble in alcohol . . . * « 065 
Acidulous and sorid extractive, insoluble in alcohol . 10°50 
Gum : . : a Py . . « 12°05 
Starch (analogous to bassorin) Py . ; « « 19°95 
Apotheme, extracted by potash , . . . + 26°00 
Bassorin , e F . ’ . . » + 880 
Weddy fire ss 6 a We a ee ee 
Water. . . . . . . . + « 1180 

102°51 


Morin’s analysis yields also acetic acid, acetate of potash, and 
sulphur, and a resin insoluble in ether and oils; while the ashes give 
numerous metallic salts and alkaline salts. 

The volatile oil is of a pale yellow, lighter than water ; taste at first 
mild, then hot. The soft resin, obtained by digesting the alcoholic 
extract of ginger first in water, then in ether, and evaporating the etherial 
tincture, is not quite analogous to the principle zingiberin, procured by 
Beral, and by him termed peperoid. This last is got by submitting 
ginger directly to the action of sulphuric ether. Beral recommends 
many preparations of this principle, but, except from their smaller 
bulk, it is difficult to perceive what advantage they possess over 
common ginger and its preparations. Ginger is an aromatic stimulant 
of considerable power. The effects are greater on organs with which 
it comes into direct contact than on remoter ones. Thus, when chewed, 
it is a powerful sialogue, and relieves toothache, rheumatism of the 
jaw, and also relaxed uyula. When received into the stomach, it pro- 
motes digestion in languid habits, and relieves flatulent colie, Gouty 
subjects are much benefited by it, and for such persons no form is 
more beneficial than that of preserved ginger taken at dessert after a 
mixture of viands. But it has the disadvantage of impairing the 
flavour of the wine taken at the same time. 

The action of ginger on remote organs is greatest on the mucous 
membranes. Hence the lungs are markedly excited in the relaxed and 
suffocative catarrh of old people, The mucous membranes of the 
urino-genital organs are also excited by it in languid habits. Many 
feeble females receive much advantage from the domestic preparation 
termed ginger-tea. Some headaches of a sympathetic kind, originati 
in irritation of the intestinal canal, are often relieved byit. A poultice 
of scraped ginger, to which warm water has been added, forms a sub- 
stitute for a mustard poultice, and often relieves headache when applied 
to the forehead. Ginger-beer is often a grateful beverage in summer 
heat, but with some persons it disagrees; this is owing to the sugar, 
for if made without it, it agrees with such persons well, Lemon-juice, 
when taken with sugar, often disagrees, as for example with pancakes. 
The lemon-juice alone is most wholesome, 

ZIRCON [Zrrcoytum. 

ZIRCONIUM (Zr). A rare metal found in the minerals zircon and 
hyacinth, which contain the oxide of the metal united with silicic acid. 

0 obtain the metal, the double fluoride of potassium and zirconium 
is to be strongly heated with potassium ; from the cold residue diluted 
hydrochloric acid dissolves out everything except pulverulent zir- 
conium, which must be washed first with solution of chloride of 
ammonium and then with alcohol. Zirconium has not yet been fused: 
obtained in the manner just described it presents the appearance of 
a black powder, which assumes a slight metallic lustre under the 
burnisher and scarcely conducts an electric current. Zirconium in 
this pulverulent form indicates the properties of the massive metal as 
little as pulverulent aluminium did those of the latter beautiful metal 
before it was obtained in malleable masses by Bunsen and Deville. 
When heated below redness in air or oxygen, zirconium takes fire and 
burns with a very intense light, producing zirconia, It is also gradually 
oxidised in boiling water, diluted hydrochloric and sulphuric acids do 
not act upon it, but hydrofluoric acid dissolves it with evolution of 
hydrogen. The equivalent of zirconium is 33°6 if zirconia be written 
Zr,0,, but if written ZrO, the equivalent is 22°4, 

Zirconia (Zr,0,, or ZrO. ). Zirconium and oxygen form only one 
compound, zirconia, which is obtained by fusing finely-powdered 
zircon with caustic potash or soda and then dissolving the fused mass 
in dilute hydrochloric acid. Excess of acid and moisture are expelled 
by heat, when on the addition of water the chlorides of zirconium 
and potassium or sodium are dissolved, leaving insoluble silica; from 
this solution excess of ammonia precipitates zirconia as hydrate, which 
must be washed, dried, and ignited. It then presents the ap ce 
of a white infusible and insoluble powder. The hydrate is gelatinous, 
insoluble in the caustic alkalies, but readily soluble in acids, and 
sparingly so in carbonate of ammonia. 

Zirconia forms salts with acids, which possess the following 
characters yr! have an astringent taste ; they are precipitated by 
the caustic - es potash and soda, and an excess of them does not 
redissolve the precipitate. When boiled with sulphate of potash, a 
subsalt of zirconia is formed, and being insoluble subsides, Infusion 
of galls produces a yellow precipitate, and phosphate of soda a white 
one: carbonate of zirconia, when recently precipitated, is soluble in 
bi-carbonate of ammonia and of 

ZO’DIAC (in Greek, 5 Zgdiands xtdros, “the Zodiac circle”) is a 
name given to a zone of the visible heavens, extending in breadth to 


ting | the highest de; 
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certain equal distances on both sides of a circle of the celestial 
sphere, in the plane of the earth’s orbit produced. This circle, with 
which the apparent annual path of the sun coincides, is called the 


ecli 


i 


; at present it makes, with the plane of the earth’s eat 
equal to about 23° 27’ 35", and it is divided into twelve 
, called signs, which receive their denominations from those of 
intended to designate the constellations or groups of stars about 
it. Most of the figures those of animals, the name of zodiac 
(from (¢d:0v, z6dion, the diminutive of (Gov, zvon, “ an animal”) has, in 


is) uence, been applied to the zone. 
Tha PPh roduced to the 
the breadth — 


The planes of the orbits of all the planets, when 
celestial sphere, are supposed to be comprehended wi 
breadth is determined by two small circles 
el to the plane of the ecliptic, Before the discovery of Ceres, 


ee 


of the zodiac, and that 

allas, and the other asteroids, the greatest inclination of the orbit __ 
of a planet to the ecliptic scarcely exceeded 7 oe nm and there. 
fore the breadth of the zodiacal zone was imagined to be about16 
degrees, or 8 degrees on each side northward and southward of the 
ecliptic. The orbit of Pallas (that which deviates most from the — 
ecliptic) is inclined about 85 degrees to that plane; and it might now 
be ‘understood that the breadth of the zone is about 70 

The line in which the plane of the ecliptic intersects that of the 
terrestrial equator, being produced indefinitely, cuts the celestial 
sphere in two points diametrically opposite to each other; and one of 

ese meeting the heavens, in the age of the earliest Greek astronomy, 
near certain stars forming a constellation to which the of a rain 
(Aries) was assigned, is generally called the first point of Aries, From 
this point are reckoned, on the ecliptic, the longitudes of celestial 
bodies; and on the equator, their right ascensions. The twelve equal 
parts or signs into which the ecliptic is divided are distinguished 
the names of the constellations which, in the age above alluded to, 


within their r tive extents in longitude ; and the names both of the 
signs and co} tions are as follow :—Aries, Taurus, Gemini, Cancer, 


Leo, Virgo, Libra, Scorpio, Sagittarius, Capricornus, Aquarius, and 
isces. 

The distribution of all the visible stars into groups or constellations 
was the first step in laying the foundation of astronomical science, It 
must have taken place in the earliest ages of the world; and there is 

of probability that the zodiacs of all nations have 
m a common source, though in passing from one 
People to another it may be easily conceived that the figures would 
suffer changes from the vanity or caprice of individuals. Among the 
ancients, the place of the sun in the zodiac served to regulate the 
seasons of the year; the representations of the figures associated with 
the groups of stars. were poy constant ornaments of the 
edifices ; and superstition assigned to the regions of space influences on 
the lives and characters of men depending upon the qualities of the 
animals or objects which distinguished the constellations in the corre- 
sponding parts of the celestial sphere. 

The loss of the writings of ancient Babylonians, and the entire 
destruction of their edifices, have deprived the world of every monu- 
ment by which light might be thrown on the state of astronomy among 


the study of the science, In fact, our information re i 
chiefly of the notices given by Ptolemy concerning a few of their obser- _ 
vations, and from the evidence of Geminus. Diodorus Siculus states  — 
‘Biblioth, Histor.,’ ii, 30) “that the Babylonians had twelve chief 
eities, to each of whom they assigned a month, and one of the so-called 
twelve animals,” by which he means the twelve parts of the zodiac; 
and from this it may be inferred that they divided the zodiac into — 
twelve signs, Sextus Empiricus (‘Adversus Math., lib, y.) makesa 
like statement, and shows how, by means of a clepsydra, the division 
was or may haye been made. With respect to the astronomical monu- — 
ments which adorned their edifices, a few ents only of stone, — 
having on them figures which may or may not have been intended as _ 
representations of those which distinguish the constellations, have been _ 
dug up near Bagdad; and the most remarkable of these is one having 
on its face a solar dise accompanied by a serpent: the figure may have 
——— Ophiuchus, and it is possible that it may have been part of 
a Chaldwan planisphere. The division of the zodiac into twelve signs 
may have been originally made for the convenience of peter, seo | 
the portions which the sun passes through in the several months; ; 
a division into twenty-eight parts is alluded to by Geminus (E 
els ba ta which was probably made to denote the space ; 
described by the moon by her proper motion, The former division 
was used by the tians, the Greeks, and by all the civilised nations  _ 
of Asia; and the latter is found among the Persians, Arabs, Hindus, 
and Chinese ; the treririeiges parts are called the stations or abodes of — 
the moon, because this luminary is in some one of them each day, 
During the invasion of Egypt by the French, in 1798, General 
discovered some remarkable sculptures on the ceiling of an apartment __ 
in the great temple at Denderah (the ancient Tentyra),and MM, Jollois = 
and Devilliers almost immediately perceived among them tsa ing 


aa 


similar to those which are traced on celestial globes at the present time. _ 
The whole of the astronomical figures are within the cireumference of 
a circle above five feet in diameter; and the a) ent in which they 
were found is in the upper part of the building: adjoiningitisan 
apartment of equal size, which is open to the sky, the ascent to both 
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bee fo 4 steps in the interior. Bas-reliefs, apparently of an astrono- 


character, are found in several other apartments within the same 


lations, among which are those of the zodiac disposed in two lines, one 
near each extremity of the portico, and parallel to tlie longitudinal axis 
of the temple. 


temple ; and in the ceiling of its portico are figures resembling constel- 


The zodiacal in the apartment first mentioned are disposed 
nearly within the breadth of an annulus formed by two circles, whose 
common centre is at some distance southward from the centre of the 
whole; the figure which is conceived to represent Cancer is however 
within the space inclosed by the interior circumference of the annulus, 
and nearly opposite the interval between Gemini and Leo; that interval 
ero bea 82 by a human figure with a bird’s head, above which are 
a bird and certain hieroglyphical symbols. The figure of Cancer is also 
surmounted by a hieroglyphical symbol, which, according to Visconti, 
seems to express a proper name. : 

Except the zodiacal figures, scarcely any in the ceiling resemble those 
which are now assigned to the constellations ; and a great effort of the 
imagination is required to discover in what manner they may be con- 
sidered as emblems of the latter. From the zodiacal figures only has 
it been possible to form opinions concerning the nature of the projec- 
tion employed in the execution of the work, and the epoch to which 
the aspect of the heavens represented by it is to be referred, 

The first discoverers of this ancient monument immediately per- 
ceived that the horary or declination circles, if drawn upon it, would 
be represented 1 Rone lines diverging from the centre: the latter 
is consequently the pole of the equator; but we are indebted to M. 
Biot (‘ Recherches sur l’Astronomie Egyptienne’) for the very probable 
idea that the space within the exterior circle represents a development 
of the whole surface of the celestial sphere, the radii of the circle being 
equal to half the circumferences of the hour circles, so that the exterior 
circle represents the south pole of the equator in the heavens, The 
figures of the constellations are sup to be on the radii 

ding to the circumferences of the hour circles passing through 


the figures near the centre with the groups 
pole in the heavens, might distinguish those to which the figures were 


| state of the heavens at the latter epoch. 


intended to refer; and the apartment without a roof, adjoining that 
which contained the planisphere, is supposed to have been intended 
for the purpose of facilitating such comparison. One property of the 
species of projection or development just mentioned is, in the direc- 
tion of a line passing through the centre, or pole, the distance between 
two points corresponding to two which are diametrically opposite to 
one another in the heavens is equal to half the circumference of a great 
circle of the sphere; and M. Biot found that this condition is satisfied 
by the P caput as nearly as can be expected in a representation 
which does not admit of | es precision, 
In order to ascertain, i pee the epoch of the planisphere, M. 
oe assumed as Bie the a = ae stars pe it, which, 
ing accompanied by of men an hiero, cal symbols, 
appeared $0 lve tees Sistingelhed on account p ybions artista 
interest attached to them; and concluding from their positions with 
to the nearest zodiacal signs that they must represent Fomal- 
haut, Antares, Arcturus, and B Pegasi, he first verified them by the 
near agreement of their measured distances from each other on the 
ogra guts with the distances obtained by computation from their 
nown angular distances in the heavens; then computing the angles of 
the triangle formed by two of the stars and the centre, or pole, of the 
planisphere, and also the angles of the triangle in the heavens between 
the ares joining the two stars and the pole of the ecliptic in 1750, he 
found, by comparison, the latitude and longitude of the centre of the 
planisphere with respect to the positions of the ecliptic and the equi- 
nocti int for that year. The position of the centre, thus found, is 
that which the pole of the world must have occupied about the year 
716 B.c.; and he thence concludes that the planispbere presents the 
M. Biot afterwards caleu- 
lated for that epoch the places of the principal stars, and determined 
their situations on a plane by the rules of the projection sw , as 


| above mentioned, to have been used in constructing the 
the margin; but a spectator when duly instructed, on comparing | 


monument : on comparing the so formed with an exact copy of 
the planisphere, he found the stars to fall upon or near the figures to 
which they were presumed: o belong. Thus the stars of Ursa Minor 
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near the centre, precisely on the figure of an animal resemblin, 

or wolf, probably the Cynosura of the Greeks; and those of 
figure of a man, apparently intended for Horus, the son of 

, to whom, according to Plutarch (‘ De Iside et Osiride ’), Orion 


placement of the figures 
a constellation could not be conveniently introduced 


in its proper place for want of room, it has been transferred to the 
margin in the direction of a line drawn from the centre through the 

place of the constellation. In other cases a constellation appears 
to be removed and a hieroglyphic substituted for it. us a 
line drawn from the centre of the isphere, through Taurus, leads 
near the margin, to a group of seven stars, which probably designate 
the Pleiades; and near it is another group, which may represent the 
Hyades. Again, between Aries and Pisces, and a little above them, is 
an animal ina pre. posture, which is found to coincide with the 
computed of the stars in Cassiopeia; and near the margin of 
the planisphere in a line drawn through the centre and this animal, 
there is a human figure seated in a chair, as Cassiopeia is always 
represented. Ina set cases some emblem Ld a constellation is oo 
the margin opposite the fi denoting the constellation ; thus the 
head of a Sie mioleaeniaad toy winged globe is in the direction of a 
line drawn from the centre through the front of Aries in the zodiacal 
ring. A great gure, which is su to represent a hippopotamus, 
is situated near the centre of the planisphere in a place corresponding 
to a part of the heavens very near Ursa Major, but where there are no 
remarkable stars; and M, Biot conjectures that the animal may be an 
emblem of that constellation : he conceives that it may indicate Typhon, 
who, according to Plutarch (‘De Iside’), is represented by a hippo- 
potamus, and to whom Ursa Major is assigned. That the ancient 
Egyptians had a constellation which was designated by this name is 
stated by Plutarch and by Diodorus Siculus (i. 27); the latter has 
given translations of two inscriptions in hieroglyphics, which appear to 
have existed in his time; and in one of these Osiris is made to say 
that he had been to the uninhabited parts of India, to the regions of 
the Bear, and to the sources of the Ister (Danube), 

In the direction of a line drawn from the centre of the planisphere, 
towards the north, and passing through the figure of Cancer, is the 
representation of a cow having a great star between its horns; and 
near it, in the direction of a line coinciding with the longitudinal axis 
of the temple, is a tall lotus-stem surmounted by a hawk, the symbol 
of deity. this stem the place of Sirius, computed for the epoch of 
the planisphere, is found to fall; and the cow probably represents Isis, 
to shai the star Sirius was consecrated. The solsticial colure being 
due north and south, it is probable that the planisphere was intended 
to show the aspect of the heavens at the time of the vernal equinox, 
when the colures pass through the four cardinal points of the horizon ; 
and the line passing through Cancer and the cow being in the plane of 
the solsticial colure is an indication that at midsummer, at the epoch 
of the planisphere, Sirius rcse with the stars of Cancer. The line 
representing the direction of the equinoctial colure , on the 
eastern side, between two symbolical figures of men, a little way from 
which is a small figure (supposed té” be Harpocrates) issuing from a 
lotus-flower, and haying above his head a star with a hieroglyphical 
inscription. According to Plutarch (‘De Iside’) the Egyptians repre- 
sented the rising sun by a child issuing from a lotus; and hence it is 
inferred that the symbols indicate the rising of the sun in the east point 
of the horizon on the day of the vernal equinox. 

The heads of all the figures, with scarcely an exception, tend towards 
the centre of the planisphere, and the figures in the southern half of 
the zodiac are arranged so that, to a spectator standing in the centre of 
the room with his face to the south, and looking upwards, they must 
have appeared as if moving from east to west ; that is in the direction 
of the apparent diurnal motion ofthe heavens. The longer axis of the 


temple is inclined to the meridian in an angle of about 17 degrees, and | fragm 


the walls are directed so that the points at which the remarkable stars 
Sirius and Antares must have seemed to rise coincided with the 
. directions of the north and south ends of the building. A temple near 
Esne (Latopolis),in the portico of which is a representation of the 

i signs, is disposed so that the longitudinal walls tend to the 
points at which Antares and Sirius set; and though no great stress 
ought to be laid upon this circumstance, there is some probability 
that the dispositions may have been intentional, since no reason can be 
assigned why, otherwise, the temples should not, like the pyramids, 
have had their walls directed to the cardinal points of the horizon, 
The golden circle of Osymandyas, which is mentioned by Diodorus 
Siculus (i. 49) as being placed in the tomb of that ancient king at 
Thebes, was 365 cubits in circumference, and to each cubit was 
assigned one of the 365 days of the year, with the risings and settings 
of the stars for each day marked on the several divisions, 

The ceiling of the portico belonging to the temple at Denderah is 
nearly covered with sculptured figures, many of which resemble those 
in the circular planisphere, and the twelve signs of the zodiac are 
distinctly represented in two bands parallel to the axis of the building : 
six of the figures appear to be entering the temple on the eastern side 
of the portico, and of these Cancer is the last ; the other six, of which 
the first is Leo, appear to be quitting it on the western side, so that 


(the front of the being towards the north) the direction of their 
motio! diurnal rotation. Within 


to that of the 


are 


position which it should occupy among the zodiacal 
and this circumstance has given rise to a’doubt concerning 
of that supposition. Some persons have imagined that the figure mi 
have been intended for the mythological scarabeus; but as in 
temple, as well as in those at Esne, it has eight feet, while the scarabeus 
has but six, it is more probable that it represents the zodiacal sign; 
and that, agreeably to the hypothesis of Biot, the displacement was in 
order to make room for some emblem. In fact, the place of Cancer is, 
in the portico, occupied by a head of Isis, which E 
consecrated to Isis, it 


constellation, that is, at Ns nee solstice, 

The two temples at e have, in the ceilings of their porticoes, 
representations of the twelve zodiacal constellations in two lines 
to the axes of the seta 
appear to be entering on the 
northern side: the 
direction of their movement corresponds, consequently, to that of 

ficrah; but there ia this differ: 


observes that, in the former temple, a meridian line passing through 
i ere cuts the zodiacal band in Cancer 
towards the north, and in igs agony towards the south; thus dividing 
the twelve figures so that the six which are on the western side con- 
stitute all those which ata certain hour are descending towards the 


west, and those which are on the eastern side are ascending towards 


the meridian, At the head of this descending series is Leo, which is 
the first to pass the inferior meridian and enter the eastern series; and 
at the head of the ascending series is Aquarius, which is ing the 
upper meridian : this distribution corresponds to that which is repre- 
sented in the zodiac of the portico. A like correspondence would be 
found to exist in both the temples at Esne if a circular planisphere 
were supposed to be placed in the ceiling of each, with the lotus-stem 
in the longitudinal axis, towards the north, and the planisphere were 
cut by a meridian-line so as to divide the figures into such as ascend 
and such as descend. - 

That there were among the ancient Egyptians a variety of sculptured 

resentations of the heavens is evident, since the 
described by Scaliger, in his ‘ Notes on Manilius,’ contained, am: 
many animals having no a rei in form or situation wi 
those which have been mentioned, the figure of a man Mees a scythe, 
and of another who is killing a bear; and in the ‘Mémoires de 
l’'Académie des Sciences,’ 1708, there is described, by M. Bianchini, a 
ent of an Egyptian planisphere consisting of a circular space sur- 
rounded by five concentric bands: in the centre are two bears 
rated by a serpent, as in the present spheres; and in the nearest band 
are twelve figures representing constellations, most of which differ 
from the zodiacal signs above described; the place of Gemini, for 
example, being occupied by a serpent. In the two next bands are the 
signs of the Greek zodiac, and on the exterior of these is a band 
divided into 36 parts, in each of which is a deity; these are the 

ces of 10 degrees, into which, in the East, the zodiac was some- 
times divided. : 

There can be little doubt that the Egyptians and Chaldeans distin- 
guished the groups of stars in the visible heavens by the figures 
symbols of the deities which they psig , and of the men who, 
among them, had signalised themselves by t actions; but it has 
been also assumed, that the names of the zodiacal constellations were 
given from circumstances relating to the apparent motion of the sun, 
to the labours of husbandry, or to the productions of nature in differ- 
ent seasons, Macrobius mentions (‘Saturnal.,’ lib. i.) that the constel-_ 
lation in which the sun is, at the season when he ascends from the 
winter solstice towards the equator, received the name of Capricronus, 
because the goat is an animal accustomed to ascend to the highest 
points of ground ; and that the constellation in which the sun is when 
he returns from the summer solstice towards the south was designated 


ie 
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Cancer from the crab being an animal which is said to have a backward 
movement. Bishop Warburton in this country, and M. Pluché in 
France, carrying out the same idea, have imagined that the constella- 
tions Aries, Taurus, and Gemini received their names from the young 
of animals being brought to the fields in the spring; that Leo indi- 
cates the violent heats of summer, and Virgo, presumed to be a 
gleaner, denotes the time of harvest, and so on. M. Dupuis, assuming 
that the zodiacal constellations were first imagined in Egypt, and that 
they indicated circumstances connected with the labours of husbandry 
in the different months of the year, endeavoured to ascertain at what 
epoch, in the climate of Egypt, the symbols would be in accordance 
with the circumstances which they were supposed to represent; and 
the result of his inquiry was, that the agreement could have subsisted 
only when the vernal equinox was in the constellation Libra. At 

it is in the constellation Pisces; and computing the time 
during which, by the effect of precession, the equinoctial points would 
move over about half the circumference of the ecliptic, he assigned 
15,000 years before the Christian era for the time of the invention of 
the zodiac. This extravagant epoch he afterwards reduced to about 
4000 years before Christ. (‘ Origine des Cultes,’ 1796.) 

M. Fourier, in his ‘ Recherches sur les Sciences et le Gouvernement 

del’ ,' assumes that the representation of the head of Isis partly 
in the solar rays near the figure of Cancer, among the sculp- 
tures in the portico of the temple at Denderah, is an emblem of the 
heliacal rising of Sirius when the sun was in the sign, or in the con- 
stellation Cancer ; and observing that Cancer is the last of the figures 
which to enter the portico of that temple, while in the zodiacs 
at Esne the lion is the last which enters, he conceives that the latter 
circumstance is an indication of the sun being in Leo when Sirius rose 
heliacally, Supposing, then, that the epochs of the zodiacs at Denderah 
and Esne are such as the positions of the sun denote, he determines, by 
computation founded on the progressive displacement of the point of 
the Reliacal rising. that the interval between them is 1800 years, the 
at Esne referring to the more ancient period. his result 
must, however, be considered as overthrown by the calculations of MM. 
Ideler and Biot, who have determined the longitudes of the sun at the 
terminations of three sothiac or canicular periods of 1460 years, within 
which the heliacal risings of Sirius return to the time of the summer 
solstice; and have found that between the year 2782 B.c. and 139 a.c. 
the sun was in the constellation Leo and in the sign Cancer at all the 
three M. Biot concludes therefore that the zodiacs at Den- 
derah and Esne do not indicate that the sun had passed from one con- 
stellation to the next in the interval between the epochs to which they 
are supposed to refer. 

In the temple at Denderah, according to Dr. Young, Leo may be 
intended to represent the leading sign of the zodiac, or the sign pre- 
ceding that in which the sun was on the first day of the annus vagus 
(year of 365 days); and on this supposition it would follow, from the 
known rate at which the place occupied by the sun in the ecliptic at 
the commencement of such year r , and also from the fact 
that the year of 365 days began on the day of the vernal equinox in the 
year 130 B.c., that the epoch of the planisphere is between 11 B.c. and 
108 B.c., or in an age earlier by 1500 years. If Virgo were the 
leading sign, as it may be supposed to be in the small temple at Esne, 
the epoch of the zodiac would be the year 900 B.c., or 1500 years 
earlier. 

It has been ascertained by MM. Champollion and Letronne from the 
Greek inscriptions on the temples of Denderah and Esne, that those 
edifices were constructed, or finishéd, during the times of the Roman 
emperors (‘ Précis du Systéme Hieroglyphique, Recherches, &c.’); yet, 
as it is known that during the reigns of the Ptolemies, and even after 
the conquest of the country by the Romans, the Egyptians continued 
to build temples, which they consecrated to their deities, with decora- 
tions similar to those which were executed in more ancient times, it 
may be presumed that the present sculptured zodiacs are copies of 
others which were the works of the earliest artists; so that though 
they determine nothing respecting the time of the construction of the 
temples, they may still serve as indications of the manner in which the 
heavens were represented in the East in the infancy of astronomical 
science. The circular planisphere which once adorned the interior of 
the temple at Denderah was removed to France in 1821. 

The country from whence the Greeks derived the figures of the con- 
stellations is not with certainty known: that all the extra-zodiacal 
signs in their descriptions of the heavens did not, from the first, receive 
their designations from subjects connected with the Greek mythology 
is evident,.since in the notices given by the earliest writers on 
nomy, two of them, which subsequently received the appellations of 
Hercules and Cygnus, have the general names év yévacw, a kneeling 
figure, and bpus, a bird; and that some of the figures were borrowed 
from the Chaldzeans is probable, since in the time of Herodotus it was 
supposed that the Greeks acquired from the Babylonians the know- 
1 of the polus (wéAos), the gnomon or style, and the division of the 
day into twelve parts. (Herod., ii. c. 109.) It may be imagined that, 
from the intercourse between the Egyptians and Greeks in very early 
times, a great resemblance should be found among the figures employed 
by the two people to represent the groups of stars ; but that they differed 
in some from one another may be inferred from the testimon 
of Achilles Tatius, who states that the Egyptians had not the constel- 

ARTS AND SCI. DIV. VOL. VIIL. 


lations Draco, Cepheus, and Cassiopeia; and it follows that these must 
have been introduced by the Greeks, or at least that the latter people 
substituted them for corresponding figures in the Egyptian sphere. It 
may be remarked, however, that in the oldest descriptions of the Greek 
zodiac okoprios and xnAat, the scorpion and the claws, make one con- 
stellation ; whereas in the Egyptian zodiacs the corresponding part of 
the heavens is divided between the scorpion and the balance, the latter 
occupying the place of the claws. Now ina work on the “ constellations,” 
ascribed to Eratosthenes, who lived in the time of Ptolemy Euergetes, 
it is stated that the great length of the constellation caused astrono- 
mers to divide it into two parts ; and in a poem attributed to a certain 
Manetho, supposed to be the priest of that name, and dedicated to one 
of the Ptolemies, it is expressly stated that “the claws of Scorpio’ 

were by the priests changed into “ the balance.” It would seem there- 
fore that the Egyptians, in or before the time of Manetho, adopted in 
their zodiac a name which had been given by the Greeks: yet as an 
argument in favour of the great antiquity of the sign it may be observed 
that, according to Ptolemy, the Chaldians designated by a word signi- 

fying a balance the constellation called by the Greeks ynAal: it 
may be, however, that he alluded then to the Chaldeans of his own 
time. 

The designations which are given to the constellations in the writings 
of the Greeks apparently indicate persons or objects connected with 
the Argonautic expedition ; and it is reasonable to suppose that, about 
the epoch of that expedition, the Greeks, having acquired a knowledge 
of the manner in which the Chaldeans or Egyptians represented the 
visible heavens, transformed such of the figures as they did not reject 
into others having relation to the actions of their own heroes. On this 
hypothesis it has been assumed that Aries represents the ram whose 
golden fleece was the object of the expedition; Taurus, the bull or 
bulls which were tamed by Jason; Gemini, Castor and Pollux, and so 
on. The ship, among the southern constellations, is supposed to be 
the Argo; and Ursa Major, the nymph Callisto. The history of Perseus 
is imagined to be represented by Perseus, Andromeda, Cepheus, Cas- 
siopeia, and Cetus ; and the labours of Hercules, by Draco, Leo, and 
the constellation bearing the name of that hero. Newton, in his 
‘ Chronology, appears however to assume too much when he considers 
that Chiron, whom he supposes to have given the names to the con- 
stellations, disposed Aries, Cancer, Libra, and Capricornus so that the 
equinoctial and solsticial colures passed through their middle points ; 
the precise determination of these points was beyond the science of the 
Greeks long subsequently to the age of Chiron. 

Hesiod mentions (‘Opera et Dies’) the Pleiades, Arcturus, and 
Orion, stating that land should be ploughed at the heliacal setting, and 
corn reaped at the heliacal rising of the Pleiades (about the middle of 
April); he directs also that corn should be threshed at the rising of 
Orion, and vines pruned when Arcturus rises in the evening. Homer 
also mentions the Pleiades, Hyades, the Bear or Waggon, 
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and Orion in the description of the shield of Achilles (‘IL.,’ xviii., 487) ; 
it is evident therefore that already in the time of Homer those constel- 
lations were introduced in the sphere of the Greeks. Plutarch asserts 
that Anaximander (probably about 600 B.c.) constructed a dial; and 
that representations of the clusters of stars, together with figures of 
the constellations, were frequently executed in Greece in the time of 
Hipparchus, is evident from a passage in the commentary of that’ 
astronomer on the poem of Aratus: planispheres, he observes, are con- 
structed for men’s use, and’ therefore the figures on them are traced 
just as they appear in the heavens to the view of the spectator. 

In the work of Autolycus, entitled ‘On Risings and Settings’ of the 
Stars (wep) ’EmroAdy kat Adoewv), and in the ‘ Phenomena’ (aivdueva) 
of Euclid, the signs of the zodiac are mentioned, and the parts into 
which that band of the heavens was divided are called dodecatemories, 
or twelfths ; but it is in the astronomical poem of Aratus that the most 
complete knowledge of the celestial sphere of the Greeks is to be ob- 
tained. This writer lived about 270 years before the Christian era, 
and his poem is a phrase of two works which were composed by 
Eudoxus of Cnidus, who lived 100 years previously, that is, in the age 
of Autolycus and Euclid. 

In describing the constellations, Aratus ins with those imme- 
diately about the north pole of the equator, and proceeds from thence 
to the zodiac, nearly in the directions of the declination or hour-circles 
of the sphere. He mentions Ursa Major and Ursa Minor, observing 
that they are placed so that the tail of one corresponds to the shoulders 
of the other, and he adds that the constellation Draco winds between 
them. Near the head of Draco he places the figure of a man, who is 
said to be on his knees (Hercules, whose attitude has since been 
changed), and behind him the northern crown. Near the kneeling 
figure is Ophiuchus, the t-carrier, and under the latter are the 
great claws (of Scorpio). Behind Ursa Major is Arctophylax (Bootes), 
with the star Arcturus below his girdle; and under his feet is the con- 
stellation Virgo. Near the head of Ursa Major are Gemini (AfSvqor) ; 
under his body is Cancer, and under his feet Leo, Auriga and the 
star Capella are said to be on the left of Gemini, opposite Ursa Major; 
and at the foot of Auriga are the horns of Taurus, whose head is indi- 
cated by a cluster of stars (the Hyades). Cepheus is behind Ursa 
Minor, and :2ar him is Cassiopeia, the stars of which are es to be 

Y 


1079 . ZODIAC, 


ZODIAC. 


arranged in the form of a key: Cassiopeia has her hands raised above 
her head as if bewailing the fate of her daughter Andromeda, who is 
placed below her. The arms of the latter are extended and chained (to 
a rock); and under her head is Pegasus. Aries is below the girdle of 
Andromeda, and, as well as the claws of Scorpio and the girdle of 
Orion, it is in the equator; the triangle (5eATwrdy) is above Aries. 
“The constellation Pisces is below the triangle; and Perseus stands 
with his hand near the chair of Cassiopeia. Below his left knee are 
the Pleiades, and the names of the seven daughters of Atlas are given 
to the stars of the cluster. Aratus observes that there are but six 


stars in the cluster; but Hipparchus, in his commentary on the poem, 
states that against a dark sky seven may be seen. The bow of Sagit- 
tarius tends towards the tail of Scorpio. The Lyre, and the eagle 


which carries it, is between Perseus and the head of the bird (dps), 
(This is the constellation Cygnus, which also by Manetho and Ptolem:; 
is called the Bird. The name Cygnus is first applied to it in a wor' 
on the constellations which is ascribed to Eratosthenes.) Cygnus 
extends towards the other eagle (Aquila), and near the head of Pegasus 
is the right hand of Aquarius, which, it is remarked, rises before Capri- 
cornus. Over the latter is the Dolphin. All the above constellations 
are stated to be between the zodiac and the north pole; and the 
zodiacal constellations are afterwards mentioned in order, beginning 
with Cancer and ending with Gemini. Libra (elsewhere called (vydv) 
is not mentioned, while Scorpio and the Claws are deseribed as if they 
formed two constellations, 

In the description of the constellations between the zodiac and the 
south pole, it is stated that Orion is placed obliquely to Taurus, and 
that Canis Major is at his feet. Under him is said to be Lepus, and at 
the tail of the dog is the head of the ship Argo. Under Aries and 
Pisces, and above the river (Eridanus), Cetus advances towards Andro- 
meda, and below Capricornus is the Southern Fish. Under Sagittarius 
isa circle of stars (the Southern Crown), and below the sting of Scorpio 
is the Altar. Under the Scorpion is Centaurus, while farther on is 
Hydra, having its head under Cancer, and its tail above Centaurus: 
about the middle of its body is Craterus, and near the tail is Corvus. 
The bright star on is under Gemini. ‘ 

Such, nearly, is description given by Aratus of the celestial 
sphere; and the constellations are, in general, the same as those which 
are represented on the modern globes, Some incorfsistencies which 
exist in it were pointed out by Hipparchus, who lived about 100 years 
before Christ, and wrote a commentary on the poem. It is plain that 
the descriptions have been compiled from observations made by persons 
at different places, and probably in different ages; for in one part of 
the work it is stated that the extremity of Draco, and in another the 
girdle of Cepheus, touches the horizon, while in a third place Bootes is 
said to go below that circle, except his hand: and these circumstances 
are quite incompatible with observations made in the same latitude. 
It should be remarked that, in the Greek sphere, the stars are not 
always placed in the same parts of the figures as they occupy at 
present : thus the principal star of Aries is placed by Hipparchus in the 
ae ban of the animal, while on the modern globes it is placed in 
the 

It would be desirable to ascertain from the poem of Aratus the 
position of the equinoctial or solsticial points, in order to find the 
epoch of the observations on which the description is founded, but it 
is to be regretted that nothing satisfactory can be discovered concerning 
the subject. It is stated in the poem that the southern tropic cuts the 
middle of Capricornus, and hence the equinoctial colure should pass 
through the middle of Aries. Now, in the presumed age of Eudoxus, 
the first‘remarkable star y in Aries was nearly at the point in which 
the trace of the ecliptic in the heavens cuts that of the equator; and if 
we suppose the extent of the constellation to be 30 degrees, the middle 
point, reckoning from that star, would be nearly at the 15th degree 
of longitude. The longitude of that star is now about 30°, and hence 
the equinoctial colure would have retrograded as much as 45 degrees, 
which at the known rate of the precession would take place in about 
$200 years: consequently the epoch would be about the year 1400 nc. 
Or, if with Ptolemy it is supposed that the extent of the constellation 
between the first star y of Aries and the first star of Taurus (now 6 
Arietis) is only 18 degrees, the middle point would be in the 9th 
degree of longitude, and the retrogradation would be 39 degrees, which 
would place the epoch about the year 970 B.c, Nothing, however, can 
be more uncertain than conclusions drawn from such data, 

The taste for ornamenting buildings with sculptures representing 
astronomical ag pone iy have existed in ancient Rome, as well 
as in Egypt and in the t; for in 1708 a fragment of a isphere 
was discovered in that city, It has in its centre a serpent, obatly an 
emblem of time, and near it two animals, apparently bears; about the 
serpent are the remains of three concentrie rings, divided into compart- 
ments containing figures, among which are some of the zodiacal 
constellations, 

That the Romans adopted the Greek sphere is evident from the 
descriptions of the constellations in the ‘ Astronomicon’ of Manilius: 
those of the zodiac, in cular, are given in the verses “ Aurato 
princeps aries in vellere fulgens,” &c.; and the poem contains a detailed 
account of their astrological dispositions and qualities. The twelve 
signs are divided into masculine and feminine alternately, and are 
appropriated to different deities. There is also a division of the zodiac 


into twelve parts, which are designated Athla, or labours, and relate to 
the occupations or professions of men (lib, iii, v, 98). Four constella- 
tions, comprehending a space Booher to one-third of the circumference 
of the z , are said to constitute a trigon ; three a tetragon, and so 
on; and there are four trigons arising from the different on 
which may coincide with the angles of an equilateral triangle sup 
to Ln inscribed in the acts ; the like is tobe understood with > 
t6 the tetragon, hexagon, &c, Each sign of the zodiac is sup , in 
= pan, to ere certain haber of year “ the oa ofa pea and 
is profession or fortune is imagined to dépend on the partic 
which is ising at his birth, according to the qualities or uses ike 
animal by which the sign is distinguished (lib. iv., v. 122). It is also 
asserted that the characters of men depend on the qualities of the 
extra-zodiacal constellations: thus, born when the = ei 
rasa” Nita seamen or to have an interest in na :7 

. ¥., Vv. 89). 

Scaliger, in his notes on Manilius, has given, from a manuscript of 
Aben-Ezra, a description of three Hers linay of which one is sup. 
posed to have related to the astronomy of the ancient Persians, and — 
another to that of the Hindus; the third is supposed to be either 
Egyptian or Greek, he significations of the figures in the Persian — 
sphere are very uncertain; but among those which have been recog- 
nised are Ursa Major and Urea Minor, and a winged horse, besides — 
Virgo, Leo, and Taurus. The figures of men and women are without 
designations; but among the former is one on a throne, which is 
thought to represent Cepheus, and one in a kneeling posture, wh 
may be Hercules; of the latter, there is one which is ned to 
represent Cassiopeia or Andromeda, A figure of a ship is also distin- 
ished. It is asserted in the ‘ Zend-Avesta’ [Zenp-Avesta] that the 
ancient Persians divided the zodiac into twenty-eight tions, or 
houses of the moon, and also into twelve signs: to these last are 
ey areage  gals nd to those at present given to the con- 
stellations in that region of the heavens; and the cluster called the 
Hyades (in Taurus) is described as a bull with gilt horns. The division 
of the zodiac into twenty-eight lunar mansions prevailed also am: 
the Arabian astronomers in or before the 9th century, It is menti 
by Alfragan, who states (‘Elementa Astron.,’ a.p. 850) that the first 
oo Xartan, and that it commenced near the three principal stars 
in Aries, 

The Hindu zodiac, which is described in the ‘Philosophical Trans- — 
actions’ for 1772, consists of twelve figures disposed on the four sides 
of asquare, In this the place of Gemini is occupied by a figure of a 
man apparently with a shield on each arm; Virgo is represented by a 
female figure naked and seated ; Libra is represented by a pair of scal 
similar to those in common use at present ; and in place of cornus 
are figures of a ram and a fish, which are close together, but do not, as 
in the modern sphere, constitute one body, A globular vessel repre- — 
sents Aquarius; and for Pisces, one fish only is d ted. The figure 
in the place of Scorpio cannot be made out. This remarkable monu- 
ment was discovered in the ceiling of a choultry or pagoda at 
Verdapettah, in Madura; and the separation of the figures in Capri- 
cornus seems to indicate that it is of great antiquity, as it may be ~ 
reasonably supposed that such a disposition preceded in order of time 
that of a union of the two bodies in one, 

In the second volume of the ‘ Asiatic Researches’ there is A by 
Sir William Jones, a paper containing a description, from the krit 
of Sripeti, of an ancient zodiac, which is divided into twelve parts, 
each of 30 degrees, ecrresponding to the modern signs. The ram, the 
bull, the crab, the lion, and the gal are said to have the figures of 
those animals, and in the plate which accompanies the memoir the 
entire figure of the bullis given: the twins consist of a male and a 
female figure, and in the description, the woman is said to play on a 
musical instrument, while the man holds a club, but the figures are 
not so represented in the plate. Virgo is represented Py a woman in 
a boat; in one hand she holds a lamp, and in the other a blade of corn. 
Libra is represented by scales, which are held by a man who appears 
to be placing a weight in one of them. Sagittarius is the figure of an 
archer, whose legs are like those of a horse. Capricornus is the figure 
of a gazelle. Aquarius is represented by a man pouring water from a 
vessel which he carries on his shoulders; and lastly, Pisces consists of 
two fishes, the head of one being turned towards the tail of the other. 
The zodiae is also divided into twenty-seven parts, constituting the 
mansions of the moon: these are not represented in the plate, but 
their names, as well as those of the twelve signs, are given. e age in 
which Sripeti lived is unknown, 

The Zodiacs of India and of ancient Persia may be presumed to have 
been originally the same as that of the Greeks or Egyptians; for 
although all of them differ from one another in the details, the ts 
of coincidence are too numerous to be accidental, and it is probable 
that in the course of time the primitive sphere was altered in the 
countries eastward of Egypt and Chaldea, as it was by the people of 
Europe. On the subject of the Indian zodiac the reader may consult 
spre ‘Das Alte Indien, vol. ii, p. 252, &0., and the references in 
the notes, 

The representations of the heavens which have been found among 
the people of northern India, China, and Japan co to those 
which were in use in the western parts of Asia, in the zodiac 
‘divided into twelve parts, which are called mansions of the sun, an 
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also into twenty-eight parts; but, according to the accounts of the 

Jesuit missionaries, the 

of the seven planets, each of which was repeated four times. In the 
ient Chi 3 


also given a table of the twelve constellations ; and from the records 


the place of the sun has always been referred by that people to the 

signs of the zodiac. From a early period they made their year 

commence when the sun is near the winter solstice, and they designated 

bed awighey the zodiac the resurrection of the spring, or of the year. 
rat 


which, in those countries, the day is divided. 

The extra-zodiacal stars are distributed in constellations, which 
are distinguished in by the names of the emperor and his 
ministers or courtiers ; but that which in Europe is designated Ursa 
Major is represented by a vessel for measuring corn; the four stars of 
the quadrilateral figure forming the body and the others the handle. 
Biot relates, from information communicated by M. Remusat, that in 
the Chinese sphere the constellation which corresponds to Orion is 
a py by a name signifying a conqueror. 

That a few coincidences should exist among the names given by 
different people to the groups of stars in the heavens, may be conceived 
without supposing that any.of the people borrowed from one another : 
it may, therefore, be i as purely accidental that the Iroquois 
called the stars of Ursa no by a name which in their language sig- 
nifies a bear (Lafitteau, ‘Mceurs de Sauvages,’ tom. ii.), and that the 
people living about the Amazonas designated the stars in the head 

T a word signifying a bull (Condamine, ‘Mémoires de 
Y’Académie Sciences,’ 1745). But it is remarkable, and may be 
deduced as a proof, among many others, of the descent of the ancient 
Mexicans from the people of Asia, that the former should have executed 
sculptured representations of their calendar, and placed them as orna- 
mental objects in their religious edifices. It has been ascertained that 
the Toltecans and Aztecs made the year consist of eighteen months of 
twenty days each, to which they added five complementary days, intro- 
ducing a period of thirteen days at the end of fifty-two years in order 
to complete the cycle [Azrxos, in Groa. Drv.]; this division of the 
year is nted in a chronological table executed by the latter 

le. ised ‘Giro del Mundo.’) Among the ruins of Palenka 

ve been found sculptured figures of serpents, which have been 
thought to indicate the existence of the Ophite worship in that part of 
the country, the seat of the Toltecans; and at the same place has been 
found a piece of sculpture, supposed to be a planisphere, on which are 
eighteen compartments representing months, which are disposed three 
together in the interior of a ring ornamented with hieroglyphical 
figures. In 1790 there was discovered, in the city of Mexico, among 
the foundations of the temple of Mexitili,.a block of porphyry, on 
which are described symbolical figures, apparently constituting a plani- 
sphere or a chronological table, in which the several days of the Joona 
are distinguished by particular names and objects, and a few of them 
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are stated to correspond nearly to the signs on the Chinese planispheres. 
Humboldt remarks (‘ Researches,’ &c.) that the name of the first day is 
also the name of water, and that the symbol of the day consists of 
undulating lines resembling those which indicate Aquarius in the 
Greek and Egyptian zodiacs. 

ZODIACAL LIGHT, a luminous appearance seen at certain times 
after sunrise and before sunset, from which it is inferred that there is 
a slight degree of nebulosity about the sun, if indeed it do not arise 
from the denser parts of that medium which [Comer] is more than 
conjectured to occupy the spaces in which the bodies of our system 
move. 

The following description of the zodiacal light is from the pen of 
that careful obgerver, Sir John Herschel :—* The zodiacal light, as its 
name imports, invariably appears in the zodiac, or, to speak more 
precisely, in the plane of the sun’s equator, which is 7 degrees inclined 
to the zodiac, and which plane, seen from the sun, intersects the ecliptic 
in longitude 78° and 258°, or so much in advance of the equinoctial 
points. In consequefice it is seen to the best advantage at, or a little 
after, the equinoxes, after sunset at the spring, and before sunrise at 
the autumnal equinox, not only because the direction of its apparent 
axis lies at those times more nearly perpendicular to the horizon, but 
also because at those epochs we are approaching the situation when it 
is seen most completely in section. 

“ At the vernal equinox the appearance of the zodiacal light is that 
of a pretty broad pyramidal, or rather lenticular, body of light, which 
begins to be visible as soon as the twilight decays. It is very bright_ 
at its lower or broader part near the horizon, and (if there be broken 
clouds about) often appears like the glow of a distant conflagration, or 
of the rising moon, only less red. At higher altitudes its light fades 
gradually, and is seldom traceable much beyond the Pleiades, which it 
usually, however, attains and involves; and its axis at the vernal 
equinox is always inclined (to the northward of the equator) at an angle 
of between 60° and 70° to the horizon; and it is most luminous at its 
base, resting on the horizon, where also it is broadest, occupying, in 
fact, an angular breadth of somewhere about 10° or 12° in ordinary 
clear weather.” 

ZONE (the Greek (wy, ‘a belt”), a portion of a sphere inter- 
cepted between two parallel planes. When, on the globe of the 
earth, one plane is the equator, and four others are drawn parallel 
to the equator, two of which contain the circles in which the sun 
is vertical at the summer and winter solstices, and the two others, 
the circles of which are as far distant (on the earth) from the poles as 
the former are from the equator [Arctic Crrcxer], the earth is divided 
into six zones (the polar segments being called by that name as well as 
the others). Of these the portions which contain the two poles are 
called the north and south frigid zones; throughout these zones the 
sun never rises during a part of the winter, and never sets during a 
part of the summer. The parts intercepted between the arctic circle 
and the summer solstice parallel, and between the antarctic circle and 
the winter solstice parallel, are called the northern and southern 
temperate zones: in every part of these there is always rising and 
setting of the sun for every day in the year; but in no part of them is 
the sun ever vertical. The parts between the summer solstice parallel 
and the equator, and between the winter solstice el and the 
| equator, are called the northern and southern torrid zones: in these 
| there is always night and day, and at every point the noon-day sun. is 
| vertical twice in the year. 

The torrid and frigid zones deserve their names; but the temperate 
| zones ke of both excessive heat and cold in those parts which are 

near the boundaries of the torrid and frigid zones. Every zone, in 

fact, partakes of all the qualities of the adjacent zones in those parts 
, which are near the boundary. Thus near the arctic circle there are 
| places where the shortest day is only ten minutes, and the shortest 
| night no longer; near the solstice parallels there are places at which a 
part of the sun’s body may be vertical, though the centre of the sun 
can never be so; all being within the temperate zone. 

ZYMOME, A name sometimes applied to vegetable fibrin. [Frpriy; 
Vegetable Iibrin.] 


‘™ woh 


faite ee 


* 
> *, 
»* 


‘ t- ey + — Saf ‘ : 
} . aes § om T diie dacdatie 
z MG SF Ch aa 
: : r ¥ »*. 4 25s en, 
< we 

' 
4 
P aa 
* 
_ 

; ’ ’ ee Ciara ae. ee . 

Pied <r “iy ae 4 heal) o L 
ae Hk +e 
L ey 
oud, 
‘ : 
} 
ai, a 
a 
f 
- . 
is * : 
= + 


SUPPLEMENT. 


BANKRUPTCY. 


1085 


BANKRUPTCY. 1086 


BANKRUPTCY. Since the article Bankruptcy in the first volume 
of this Cyclopedia was written, the law relating to bankruptcy and 
insolv: has undergone such extension and alteration by the legi 


- lature during the last session of parliament (24 & 25 Vict., c., 134) that 


a short review thereof is necessary. 

The Court of Bankruptcy will henceforth consist of the present 
Commissioners in Bankruptcy, and to them is confided all needful 
powers of the Superior Courts of Law and Equity and of the Court 
for Relief of Insolvent Debtors. The county court judges are hence- 
forth to exercise in the country all the powers of the present district 
commissioners, and vacancies in the country district commissionerships 
will not henceforth be filled up; and the lon commissioners are, 
#8 vacancies occur, to be reduced to three. The Court for Relief of 
Insolvent Debtors is abolished, and the jurisdiction of the County 
Courts in insolvency is discontinued. The eka Court of Appeal in 
ecco, -} Sprecher 1 apne lie to it the County Courts in 
bankruptcy as well as from the eee ee 

Questions of fact may, under the directions of the Court of Appeal, 
be tried in bankruptcy by juries, or issues may be sent to be tried at 
law. Sworn shorthand writers may be appointed ; and these will cer- 
tainly form a novel feature in our inistration of justice. 

The principal feature of the recent act is that non-traders are 


prince’ 
brought within the privileges and liabilities of bankruptcy, although | 


the distinction between a trader and a non-trader is still for some pur- 
poses ed, This distinction will appear from the following 
summary of the alterations introduced as to acts of bankruptcy. 

Acts of Bankruptcy by traders are continued as hitherto, subject to 
such additions and alterations as are here noticed. Any person 
whether a trader or non-trader, may be adjudged a bankrupt for lying 
in prison for debt or after a detainer for debt, or in the case of a trader 
for fourteen days, instead of twenty-one days as heretofore, and in the 
case of a for two months, unless he is pre} with sufficient 
security for the debts in respect of which he is so imprisoned or 
detained; or for from prison where detained for debt, 

A Trader Debtor whose goods are seized and sold under judgment 
for a debt or money demand exceeding 50/., is held to have committed 
an act of bankruptcy at the time of the seizure ; notwithstanding which 
the sheriff may, unless a petition for adjudication intervene, proceed 
to sell the goods seized; but he must retain the proceeds for seven 
days, after which period he may bey, them over to the execution 
creditor, who, however, has to pay them back, subject to deduction of 
the costs of action and execution, to the assignees in bankruptcy if the 
execution trader debtor is adjudicated a bankrupt within fourteen days 
from the day of sale. A non-trader are be made bankrupt by di 
ing or remaining out of this realm with intent to defeat or delay his 
creditors, or by making some fraudulent gift or conveyance of any of 


his property, or by filing in court a declaration of insolvency followed, | 


within two months, by a petition for adjudication of bankruptcy. 

Acts of Pier tte after Judgment ‘or Summons.—Every judg- 
ment creditor for a debt of 50/. or upwards, may sue out against his 
debtor at the end of one week from the date of the judgment, if he be 
a trader, or at the end of one calendar month if he be a non-trader, a 
judgment debtor summons requiring him to appear and be examined 
touching his at to pay the nk In the ot way disobedience to 
a peremptory order in equity, in ruptey, or lunacy, directing pay- 
ment of money on a day certain may be followed oy 6 ahailar fudge 
debtor summons after the expiration, in the case of a trader, of seven 
days, or in the case of a non-trader of two calendar months, from the 
day fixed for payment. Trader debtor summonses should be served 
personally, except in the case of persons in custody when service may 
be made on the sheriff, or other in whose custody the debtor is. 
Where nal service cannot be effected, and the debtor is keeping 
out of the way, the summons may be advertised as directed by the act. 
The ure upon the return of the summons is icularly pro- 
vided, and the court may, upon rd tec of the debt, and whether 
the debtor or not, re a bankrupt ,without any 
petition for adjudication; but a de’ thus adjudicated upon in his 
absence may, within seven days from receiving notice of the adjudica- 
tion, appear.and show cause against it. 

Proceedings to obtain Adjudication—A debtor may himself petition 
for adjudication without filing any previous declaration of insolvency ; 


but he must file a statement upon oath of his debts and liabilities, and 
of the causes of his embarrassments. In the case of non-traders, in order 
to support a petition for adjudication, or a judgment summons, the 
debt must have accrued after the 6th day of August, 1861 (the date of 
the passing of this act). Debtors in prison may petition in forma 
pauperis, upon making affidavit of poverty, Jailers are to make 
monthly returns of all their prisoners detained for debt ; and a registrar 
of the court for the district is monthly to visit all jails within the 
jurisdiction of his court, and to examine touching their estate and 
dealings all such prisoners included in such return who have been in 
custody fourteen days in the case of traders, or two calendar months in 
the case of non-traders. Prisoners not submitting to such examination 
may be committed to jail for a month, with hard labour, and also be 
adjudicated bankru But prisoners detained solely under County 
Court or Small Debt warrants are not within these latter provisions, 
nor are they entitled to petition in formd pauperis. 

Procedure after Adjudication.—The official assignee must forthwith 
take possession of the bankrupt’s estate, and must hold it until the 
appointment of a creditors’ assignee. The first meeting of creditors 

the president thereof are to be appointed by the court; and the 
majority in number and value of the creditors may transfer the pro- 
ceedings to any County Court out of the metropolitan district; and a 
majority in value may then determine upon any allowance to be made 
the pt up to the time of his passing his last examination. The 
procennes in bankruptey may be superseded, and an arrangement 
or winding up and administering the estate out of bankruptcy may be 
come to by due majorities of the creditors; and the debtor may then, 
upon making a discovery, be entitled to an order of di a 
Some important provisions are made as to sale of real estate belong- 
ing to bankrupts, and particularly as to the settled real estate of — 
noh-traders; but these are of too technical a nature for discussion 
here. 

Creditors’ Assignee.—The majority in value of creditors who have 
proved may choose their assignee, in whom, upon confirmation and 
certificate by the court, the estate and effects of the bankrupt are to be 
exclusively vested ; and the official assignee is thereupon forthwith to 
render to such creditors’ assignee a full account of the bankrupt’s 
estate, and of all dealings therewith, which account is to be formally 
audited and furnished to every creditor who has proved. The creditors’ 
assignee may be required to give security ; and he may be removed by 
the court at the instance of the creditors, and a new assignee may be 
chosen. The duties of the creditors’ assignee are similar to those 
hitherto discha: by the official assignee ; but to the latter is still 
entrusted the collection of all debts under 107. The creditors’ assignee 
| must, from three months to three months, account to the official 
| assignee for his dealings with the estate; and his accounts are to be 
printed and furnished to the creditors, 
| Dealings with the Estate.—Assignees may occupy leasehold premises 
of a bankrupt up to some day on which rent is payable not beyond six 
| months from the adjudication, and may then elect to decline any lease 
| or agreement for a lease under which the premises had been held. 
| Creditors’ meetings may authorise the mortgage or pledge of the 
| bankrupt’s estate. 

Proof of Debts,—Creditors may prove their debts by forwarding 
through the General Post to the assignee a statement thereof, verified 
by their own declaration of its truth. False proofs entail the punish- 
ment of perjury. Landlords may prove for rent pro ratd in respect 
of current periods, Unliquidated dam: may be ascertained by the 
verdict of a jury before, or under the direction of, the court. Con- 
tingent liabilities may be determined and valued by the court at the 
instance of the person claiming the benefit of such liability. 

Orders of Discharge.—-The classification of certificates is abolished, 
Where a bankrupt is charged with any misdemeanour under this act, 
he may be tried by the court, or, if the bankrupt require it, by a jury 
either in the Court of Bankruptcy, or, in the option of that court, in 
any “of the ordinary courts of criminal justice.” If the bankrupt 
be convicted of such misdemeanour, his discharge may be refused, or 
suspended, absolutely or conditionally, If he be not convicted of any 
such misdemeanour, his conduct is still to be inquired into by the 
court, and his order of discharge may be granted, or refused, or sus- 
pended, either absolutely or conditionally ; and the bankrupt may be 
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imprisoned by the court (without trial by jury) for any period not 
exceeding one year. Misdemeanours under this act, and their penal 


q , are defined by s, 221 as follows :—“ From and after the 
commencement of this act, any bankrupt who shall do any of the 
acts or things following, with intent to defraud or defeat the rights 
of his creditors, shall be guilty of a misdemeanour, and shall be 
liable, at the discretion of the court before which the shall be con- 
victed, to punishment by imprisonment for not more than three years, 
or to any greater punishment attached to the offence by any existing 
statute :— 

“1. If he shall not, upon the day limited for his surrender, and before 
three of the clock of such day, or at the hour and upon the day 
allowed him for finishing his examination, after notice thereof in writing, 
to be served upon him personally or left at his usual or last known place 
of abode or business, and after the notice herein directed in the 
‘London Gazette,’ surrendér himself to the court (having no lawful 
impediment allowed by the court), and sign or subscribe such sur- 
render, and submit to be examined before such court from time to 
time. 

“2. If he shall not, upon his examination, fully and truly discover, to 
the best of his knowledge and belief, all his property, real and nal, 
inclusive of his rights and credits, and how and to whom, and for what 
consideration, and when he disposed of, assigned, or transferred any 

thereof, except such part as has been really and bond fide before 
sold or di of in the way of his. trade or business, if any, or laid 
out in the ordinary expense of his family, or shall not deliver up to 
the court, or dispose, as the court directs, of all such part thereof as is 
in his possession, custody, or power, except the n wearing- 
apparel of himeelf, his wife, and children, and deliver up to the court 
all books, papers, and writings in his possession, custody, or power 
relating to his property or affairs. 

“8, If he shall, after adjudication, or within sixty days prior to adju- 
dication, with intent to defraud his creditors, remove, conceal, or 
embezzle any part of his property to the value of ten pounds or 

wards. 


u 
Pr 4, If. in case of any n wreiie { to his knowledge or belief, proved 
a false debt under his ruptcy, he shall fail to disclose the same to 
his assigiees within one month after coming to the knowledge or 
belief thereof. 

“5. If he shall, with intent to defraud, wilfully and fraudulently 
omit from his schedule any effects or property whatsoever, 

“6, If he shall, after the filing of the petition for adjudication, with 
intent to conceal the state of his affairs, or to defeat the object of the 
law of bankruptcy, conceal, prevent, or withhold the production of any 
book, deed, paper, or writing relating to his property, dealings, or 


“7. If he shall, after the filing of the petition for adjudication, or 
within three months next before adjudication, with intent to conceal 
the state of his affairs, or to defeat the objects of the law of bank- 
ruptcy, part with, conceal, destroy, alter, mutilate, or falsify, or cause 
to be concealed, destroyed, altered, mutilated, or falsified, any book, 
paper, writing, or security, or document relating to his property, 
trade, dealings, or affairs, or make or be privy to the making of any 
false or fraudulent entry or statement in or: omission from any book, 
paper, document, or writing relating thereto. 

“8. If, within the like time, he shall, knowing that he is at the 
time unable to meet his engagements, fraudulently and with intent 
to diminish the sum to be divided amongst the general body of his 
creditors, have made away'with, mortgaged, encumbered, or charged 
any part of his property, of -what kind soever, or if after adjudication 
he shall conceal from the court or his assignee any debt due to or 
from him. 

“9, If, being a trader, he shall, under his bankruptey, or at any 
meeting of his creditors within three months next preceding the filing 
of the petition for adjudication, have attempted to account for any of 
his property by fictitious losses or expenses. 

“10. If, being a trader, he shall, within three months next before the 
filing of the petition for adjudication,.under the false colour and 
pretence of carrying on business and dealing in the ordinary course of 
trade, have obtained on credit from any person any goods or chattels 
with intent to defraud. 

“11. If, being a trader, he shall, with intent to defraud his creditors, 
within three so ar tang ge filing of ie oe adjudica- 
tion, pawn, p! , or di of, otherwise ry bon le transac- 
deus ta the o1 way of his trade, any of his goods or chattels 
which have been obtained on credit and remain unpaid for.” 

Orders of discharge are in their effect analogous to certificates of 
conformity under the previous law. 

Arrangements wnder the Control of the Court.— Creditors may, by a 


due majority, resolve that the in bankruptcy be stayed and 
that the bankrupt’s estate be wound up under a deed of ent, 
and such resolution may, if approved by the court, be into 


effect ; and when after such stay of the deed of arrange- 
ment has been duly certified to have been executed by three-fo' 

in number and value of all the creditors, and when it has been approved 
by the court, it must be red, and the ‘proseetlings in hankrupicy 
may then be annulled, and such deed of arrangement will thereupon 
become binding upon all the creditors, The jurisdiction of the court is 


not however ousted by the deed of arrangement, and recourse for 
direction and assistance may still be had to it by all parties as in 
ordinary bankruptcy. 

Trust and Docapeciiion Sasale are to be binding upon all creditors, 
when certain conditions are fulfilled ; and such deeds must be registered, 
and notice pogiew hope be duly atvemen P “ in ice 
ruptcy may be sta; uring twenty-eight days from the execution 0} 
any such deed by a debtor. pormente cinhe ior the case of unknown 
holders of bills of exchange, &c., and of absent or incapable creditors ; 
and a very curious form of trust deed is given in Schedule D, and its 
use eens im ve, * ia 

acts relating to bankru are either wholly or in 

repealed ; but the 7 & 8 Vict., c. 40, sod the 23 & 24 Vict, c. 147 (the 
Secret Arrangement Acts), are strangely enough retained, notwith- 
standing their mischievous and anomalous character. 

Such is a brief outline of some of the principal features of this 
im) it statute, which is to be cited as “ The 
and to be construed, 


unrepealed, as one act, 

It only remains to be noticed that this act provides that in all cases 
of executions levied upon goods in respect of judgments for claims 
exceeding 50/. exclusive of costs, such goods must, unless the court 
otherwise orders, be sold by public auction and not otherwise, 
such auction must be advertised for three an next preceding 
day of sale; but what this provision has to do with bankruptey, or 
what are to be the consequences of disobedience, does not very clearly 
ay 


royal assent on August 6, consolidating the statutes relating to 

against the Person, cap. 100; Malicious Injuries to Pro; , cap. 97 ; 
Larceny, cap. 96; Forgery, cap. 98; Coining, cap. 99 ; and ecessories 
to and Abettors of Indictable Offences, cap. 94, No material alteration 
has been made in the laws themselves, but 106 acts or sections of acts 
have been altogether repealed by cap. 95, The new acts are to come 
into operation on November 1, 1861. 

POOR LAWS. Since the article Poor Laws was written, an im- 
portant alteration has been made in the law with respect to the class 
of poor termed “irremovable,” as contradistinguished from “ non- 
seti oe 5 Mae is 0. a Door Deron whe Lave RRA settlement in 
the parish to which they may have become chargeable, but who are 
nevertheless irremovable therefrom to the pari whi are 
legally settled, by reason of the operation of some ision of the law. 
The alteration adyerted to is another step towards the acco: t 
of the total abolition of the law of settlement, and the consequent 
t to be omitted in a 


from five to 
have been in the same parish, but under the new act “ the residence of 
@ person in any part of a union shall have the same effect in reference 
to the provisions of the said section (s. 1 of 9 & 10 Vict., c. 66), asa 
residence in any pari 
shall haye resided in any one or more parishes in the same Union for 
a period of three years without relief from the poor-rates, he shall be 


EF 


e parents, or surviving parent, of 
ivilege was not transmitted to 


for five years in the parish of chargeability; but now where a 
e age of sixteen i with its surviving paren 
a rot Ee he tae ke 
continued 
dence, such orphan shall, if not otherwise irremovable, be 
from remoyal in like manner and to the same extent as if it 
acquired for itself an exemption from removal by residence (24 
Vict., c. 55, s. 2). in, under the former law, a married woman 
could never acquire ivilege of irremoyability in her own right, 
unless temporarily sick ; ied woman have 


t now where a married 
been, or shall be, deserted by her husband, and shall after his 
reside for three years in 


5 


EEE 


ui 


zE 
cre 


if 


rf 
5 


i 


a manner as would, if she were 
render her exempt from removal, she shall not be liable 
moved from the parish wherein she shall be resident, unless 
husband return to cohabit with her (ib., s, 3). 

The act 24 & 25 Vict., oc, 55, s, 8, makes perpetual the temporary 


= 
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Act, 1861" 
together with so much of “The Bankrupt Law 
Consolidation Act, 1849,” and “ The Bankruptey Act, 1854,” as remains — 


AWS, CRIMINAL, CONSOLIDATION OF. In the parliamentary 
session of 1861 (24 & 25°Vict.), six acts were passed which received the — 


ree years, Formerly the continuous residence must 


parish ;” that is to say, provided the poor person — 


POOR LAWS. 
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1069 
isions of the several statutes whereby the costs of the relief, 
Peete ee calsticiansce of cortaip paupere ve been made chargeable 
upon the common fund of Unions, and makes further provision with 
respect to the chargeability to such fund of wayfarers, wanderers, or 
foundlings, and of non-settled persons being chargeable to the poor- 
rates reason of temporary sickness (ss. 4&5). With regard to 
rig whether they are irremovable or not, settled or non- 
Set Gis Misiie cubis (@ 6) that the cost of the examination, 
removal, and maintenance of all such in any asylum, licensed house, 
be borne by the common fund of the Union, 
and also provides (s. 7) that orders in lunacy may be obtained by or 


ee ee 

ith regard to the “common fund” of Unions, an alteration has 
been made as to the manner in which parishes shall contribute towards 
i effect of equalising the burden, as betwixt rich 
and poor parishes in the same Union, and of doing away—at any rate 
to aconsiderable extent—with the close pari Under the 
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the poor of each parish, as declared by the Poor Law Board, so that 
She purities wail hed incurred the largest expenditure for the relief 


popular designation of “close parishes,” escaped all contributions to 
the common fund of the Union in which they were situated, to the 
manifest injury of the other parishes. In order to provide a remedy 
for this state of things, the 24 & 25 Vict., c. 55, s. 9, enacts, that after 
the 25th of March, 1862, the several parishes comprised in any Union 
under the provisions of the 4 & 5 Will. 4, c. 76, shall contribute to the 
common fund thereof, ‘in proportion to the annual rateable value of 
the lands, tenements, and hereditaments in such parishes respectively 
assessable by the laws in force, for the time being, to the relief of the 
poor, and in no other manner, whether the lands, tenements, and 
hereditaments shall be actually rated or not, and whether the rate 
levied shall be collected in full or upon any composition.” 

In computing the amount of contribution to the common fund from 
the several parishes, the guardians of every town are to take the annual 
rateable value of such property in every parish therein from the valua- 
tion upon which such parish was assessed to the county rate, or where 
there is no county rate, to the borough or ward rate, or other rate in 
the nature of a county rate, in the last assessment made not less than 
one month next preceding the day when the order for the contribution 
ismade, (24 & 25 Vict. c, 55, s, 10.) 

These alterations effected in the poor-laws will havea very important 
result in mgt Tag oe the labour market from the restricti onsimposed 
upon it by the law of parochial settlement, as the labourer will now 
have a larger area over which he can go in search of work, unrestricted 
by the fear of removal to his legal settlement parish, in which perhaps 
he is wholly unknown. Moreover they will greatly equalise the 
burden of the maintenance of the destitute poor between rich and 
poor parishes. The amelioration of the law in these respects, it is 
right to add, is due solely to the Right Honourable C. P. Villiers, the 
President of the Poor Law Board, 


THE END. 
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